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Preface

This book continues the pioneering work of the late Roy Robinson both

in his three editions of Genetics for Cat Breeders (1971, 1977, 1991) and

in his many articles. It seeks to expand the scope of these works in assist-

ing the practicing veterinarian who is dealing with cats and cat breeders.
We concur with what Roy said in the Preface to his first edition:

The writing of this book springs from the belief that the continued
advancement of cat breeding relies upon an acknowledgment of
modern trends in animal breeding. It should be recognized that the
world of small animal breeding is discarding ‘rule of thumb’ methods
for a more balanced program of scientific method and skilful breeding.
The science of genetics has much to offer both to the theory and the
practice of cat breeding. The thoughtful breeder should ponder on the
fact that once his or her cats are provided with a good home, properly
fed and receiving expert veterinary care, the sole hope of producing the
superlative animal lies in the art of breeding.

As we worked on this book, we began to realize that the group known as
‘cat breeders’ is a very diverse one.

When we talk about breeding other animals, such as dogs, we can talk
in terms of breeding for show purposes (both conformation and obedi-
ence), for work (herding, protection), or for enjoyment (as personal pets).
However, cats are bred for a narrower range of purposes. While they
compete in shows based on their conformation, that is how close to perfec-
tion they are when compared to a written standard, it would be absurd to
conceive of obedience competitions. In addition, most cats are not bred
for working; rather they seemed to have long been retired from their
historical roles as mousers. That leaves two potential breeding goals: to
produce specimens for competition or to propagate a breed for compan-
ionship, as ‘pets’.

While that appears to be a narrow set of reasons, it is actually more
complex than it seems. For example, breeders who breed their cats for
exhibition/show competition also sell those cats which do not meet show
standards as personal pets. There are also some breeders who do not show,
but rather breed their cats solely to sell the kittens as pets. Others are
seeking to create new breeds or varieties of cats, whether from combina-
tions of existing recognized breeds, or by selectively breeding to preserve
or develop unique characteristics that then breed true and healthy.

The Cat Fancy has not, until recently, had to deal with resuscitating a
breed from extinction. Following World War II, however, cat breeders did
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do just that for numerous breeds, including the Birman, the Chartreux and
the Norwegian Forest Cat. Now it appears that cat breeders will again have
to do this with some minority breeds of pedigreed cats, most notably the
Havana Brown.

Cat breeding, therefore, is an activity that encompasses a wide variety
of different efforts. It is our belief that cat breeders and the veterinarians
who work with these breeders are functionally geneticists. We believe that
both groups must be well educated with respect to the genetics of the cats
they all love. It is to assist those breeding and caring for all of these cats
to do their job more scientifically, more rationally, and more compas-
sionately, that we have undertaken this book.

To provide both breeders and veterinarians with the broadest range of
information, we have reviewed not only the traditional sources for scien-
tific literature and studies, but have conducted interviews with veterinar-
ians, researchers and breeders. The results of these appear im our
conclusions and assertions, in the references, and are the basis for some
of the quotations which we have placed throughout the text. These will,
we hope, serve to entighten the discussions.

Knowledge about the field of genetics has grown exponentially from
the time of Roy Robinson’s first edition of this book. For decades, the
discussion of genetics was limited to observations of populations. Now,
geneticists are beginning to look at the actual molecular mechanisms
behind the traits and diseases seen in the cat. Genetics has grown from
being simply an exercise in statistics to being a study in chemical
reactions. ) N

One note for our readers: throughout the book, our examples use terms
which are the same as or similar to recognized breeds or patterns. When
we are discussing a breed itself, the context will be clear as to that.
However, when we discuss color or pattern, €.g. Siamese or piebalding,
we are using these in a genetic sense only. Breeds with the same or similar
names usually manifest these traits. In addition, for those seeking to deal
with problems which appear to be breed-linked, they should ARREYF
of FoBAY'S DTORds fave BEEh CReated, revived oF
i ed throug tcmmgmt@athmuﬁr edd Information on which
breed(s) are ‘in back of’ which other breeds is both beyond the scope of
this work, and is constantly in flux. If such information is needed, the
readers can consult first with the technical appendix to Chapter 10 which
details currently permitted outcrosses for breeds in the Federation Inter-
nationale Féline (FIFe) and the Cat Fanciers’ Association (CFA), and
then refer to some of the works cited in the bibliography or talk to the
relevant breed club.

In updating this book, we have attempted to make it more user-friendly.
For example, we have: '

« Divided some topics, such as breeding practices, into several chapters.

» Removed text references to virtually all works which are already cited
in the bibliography.

» Provided a glossary of relevant terms.

e Placed some important, but little used, materials in technical and histor-
ical appendices.

W
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In order to deal with a work of this scope, each of us took primary
resp01'1s1b111ty for updating key areas: Carolyn for anomalies; John for
breeding systems and inbreeding; Lorraine for color and breed genetics;
and Terry for the veterinary perspective. ,

‘We hope you approve.

Carolyn M. Vella
Lorraine M. Shelton
John J. McGonagle
Terry W. Stanglein, VMD
December 1998
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The need for genetics information

A cat breeder or a veterinarian should expect to obtain information on
three main aspects when reading about genetics.

1. Color and pattern

Firstly, there is the concept of genetics itself, especially that part
concerned with coat color and pattern. No breeder or veterinarian should
confine himself or herself to cats alone in reading about genetics. Studies
on variation in other species of animals can often give valuable insights
into similar variation in cats.

2. Genetics of the cat

There is the need to find a detailed account of the known genetics of the
cat. This encompasses information on the various mutant genes that have
been reported and the effects they produce. This aspect also deals with
the variations of color and coat types which result from various combina-
tions of the genes and how these have developed into established breeds.
Accounts of variations, both within and outside the established breeds, is
of particular interest to breeders who are involved with saving ex15t1ng
breeds or creating new breeds. All of these aspects will be discussed in
this book. Some are covered in depth, but others can only be touched on
because of the lack of reliable knowledge or because science has still not
provided us with definitive information.

3. Animal improvement

There are methods of

ient ‘which could be used in cat

breedlng, when to apply it and wh1ch traits should be concen-

trated upon




2 Robinson’s Genetics for Cat Breeders and Veterinarians

In dealing with methods of breed improvement, it is sometimes difficult
to go beyond a general discussion, because only the breeder, working with
a veterinarian, has all of the data from which to make correct judgments.
In a sense, breed improvement is still at an clementary level, remaining
more of an art rather than an exact science. It still entails gauging the
worth of the individual cat by inspection, rather than by objective
measurement and of then making decisions based on informed judgment
rather than on a mechanical test such as a set pumber of matings or on
the passage of a certain number of generations.

Many of the decisions that a breeder must make are based on personal
observations. When all has been said and done, the occasion may arise
when certain observations appear ‘odd’, that is they do mnot fit into the
scheme of things. There are several potential reasons for this. One possi-
bility which should always be considered is that a mistake has been made.
A mistaken identification, an error in the breeding or registration records
or an accidental mismating can often be the explanation for an otherwise
‘impossible’ situation. Remember, only saints are perfect — the rest of us
all make errors. Only if mistakes can absolutely be ruled out, should the
genetic explanation be considered to be not as accurate or as compleie as
it could be.

Alternatively, it can mean that something new has been discovered,
such as the discovery of several genes for rex coats over the past three
decades or the folded eared and curled ear mutants of more recent years.
In this event, it is wise for the breeder to seek competent advice.
Whenever unexpected results occur, it is always advisable to consult other
people. The chances of discovering something novel are slim, but the

possibility is always there.

Mendelism and genetics

The first accurate description of the principles of heredity was enunciated
in 1866 by Gregor Mendel. As the scientific climate was not ripe for ready
acceptance of his simple, almost blunt, account of these principles,
Mendel’s discovery languished until 1900. At this time, the prevailing ideas
on heredity and evolution were being critically appraised by inquiring
minds and biology was beginning to emerge as an experimental, as
opposed to an observational, science. In about 1900, Mendel’s work was
acclaimed by three biologists, independently and more or less simultane-
ously.

It is common knowledge that Mendel carried out his experiments with
a common flower, the sweet pea. Once the basic principles were grasped,
there were many people who were eager 10 discover if his ideas applied
to other plants and to animals. It was soon found that they did. The rules
he developed applied, in most cases, with astonishing similarity, In others,
these rules, with subtle variations, served to strengthen and to extend the
principles he had formulated.

Mendel’s Laws of Heredity, as his principles are known, have stood up
to the test of repeatable experiment. Their generality for all species of

Introduction 3

plants and animals implied that the

] ‘ _they were fundamental. The stud
Iélzl'rzi{ty was l’mown as Mel_ldehs.m’ until Bateson, in 1906, coinedytl?cf
word. egevtvlﬁ'ﬁcs riflor_ t{le neilvy biological discipline. Thus, heredity became a

) Ci i

iy principles which can be checked and with laws of real predic-

From the humble beginnin, i i

; t g of a man pottering around in a spare
]ciﬁhhls garden, genetics has grown to such an extent that reseI:lrch 'ceosl;gﬁl-
- ‘ljl?e'uts are devoted to the subject. Today, no corner of biology or
illeg elr?fﬂ?c(s:a; elscgpe 1t?1 u'np;lct. As this book is being written, new research
] , including that of cats, at the molecular level and, i i

mapping of DNA (d i ic aci i i ot i Fhe
may undge rStandingF eoxyribonucleic acid), continue to increase and refine

It required decades for the foundatio i

| s ns of genetics to be laid. O
gllz?;?)nnlxs:el; 2f heretdlty I;Iad been satisfactorily settied, it became 31:31;?12
oncepts such as those based on the ‘per nt i
the overestimated influence of rem ot o 1 mestsen Eni
: . ote ancestors had to be revi
itz}:: ﬁih ofﬂ;l)edlgrees in breeding became suspect unless one w;vi:'(}l;ffﬁn
e ancestors listed and could recall their apparen \
- . t )

tabulation of names, devoid of accurate description, Ii)spscarct:lv;rocr)tfhaug

value at all except for inti ; e - .
known stock. pt for intimating that the individual is derived from a well-

Nomenclature

;lgcg;);:c:;t;(tz tcl';lt is gftq:lnbrelferred to as Felis domesticus. The word Felis
. e animal belongs to the main genus of
domesticus indicates that it is i . Hemoves. o Lo
a domesticated form. H i
the founder of scientific classificati i Mg
1 tion, has named the domesti ]
s iific stic cat as Felis
cats esignation is also often employed, more often than F. domes-
sm]:;::;yothuﬂ% ew&ultd hst(i:l]ltbe straightforward but for the fact that Linne
) otched type of tabby (classic tabby) as catus
neglecting the equally common mackerel g el
ee type of tabby. In som le’
eyes, the omission needed rectifying, so ¢ of i ind
: , 50 the m;
.re?ﬁve the designation of F. torquagta. ackerel tabby has come to
e name of domesticus appears the more aj i if, i
The r ea ppropriate even if, i i
§::16nt1fgc nomenqlature terms, it is not precisely correct. As a desigﬁasttigl(it
i ;:erjtamly describes the present status of the cat. ,
obstc is uFfortunatq that the origin of the modern domestic cat is so
speci‘clerse’ . fo:hf:ei q?.ﬁial iigust obviously be a domesticated form of a wild
ies. nitial wild ancestor was definitely known, the u i
) i se of it
gg:;:self ;ltlep;amet n:[llz;y seem preferable, even if domesticus is addeldS
ever, sent, the presumptive wild ancestor is not kn ith
ow!
certainty, although there seem to be excellent grounds for arguingréh‘:tltil:
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Origin and species hybridity

Early history e
i i i lating on the origin o
ters on the domestic cat can resist spectt
S::v }’:niserwe]l known that the ancient Egyptians revered tpe cat ap?
wo.rshipped a cat-goddess. Egypt is commonly regarded as being a ma](t)
center of origin, but whether it is the only center is perhaps open to
qu’%i[:rnel'was pothing to prevent anyone attemp_ting to domesticate the cat
anywhere and at different times. It is doubtful if the Frvcv)ill)ilem g)gfilllts ];)Sgg}
i ini i dog, cats 0O origin,
will ever be definitely so!\(ed. Like the s vl o, o
iohtly less fearful disposition than the average, may na
:ilfaﬁeZs or scavengers. Over time, they eventua.l]l)f may hgve been acctepteg
or, at least, tolerated by humans. The cat’s_sklll in keeping down rats an
mi,ce may have further ingratiated the cat in the human mmd.f kind)
Mankind’s acceptance of the cat (or the C%It“’}f accepta:nlclzevg br::n shnfﬁ
hut or village level. There must have t -
probably occurred at the T S e e the
i i i tameness within the sp
cient genetic variation for docility or s vithin (e P hin the
me trusting of men and to breed either clo
S/?ltl;gebg:;rter of aning}lals probably occurred and cats mayt havsu:);c]?;gg
° -« . W
he paraphernalia -of traders. In this manner, cats
?:;Ehzfi tth(:: Fowng and cities and probably would have acc_lulred sta‘;cvlillsdas
exotic pets. There would then have been selection against the . er
individuals and possibly in favor of color ax}d pattern gar’ll‘;tcl)ﬁr; nor:cs
the spread of the cat is more or less assured.
;if)?igits%reeder? the cat is a persistent producer of litters and has a long

span of reproductive life.

v learly d ticated
estica
the actual route, by 1600 BC, the cat was clearly ome

Zvnltlla;;;e:egaided as a sacred animal in Egypt. (;utmde Eg}lrp':"vfe(i; n&ic::;e
i t was relati -

in Greece and Palestine, the cat was known, bu
i i to be taken from the

because the Egyptians did not allow them )

g:)(:lltl;trye The Egyptians were also apparently not a.ldverse to carrying r
every ce;t they saw to Egypt. ‘This could be a factor in the belief tha{Egypi

Rome and beyond

i i igi ignifi its geographic exclusiv-
the cat lost its religious significance and i €

ilrytl'l?h% rise of Christianity caused the cat to lose its sacred posmon.t’lfh'e

R(;mans carried the cat back to their homeland and throughout their

i as soon found in central Europe aqd even in Britain.
EaII‘II’:(E,) lz:& gilslg ti';:vged eastward, probably via Babylon, into India where it
is known to have been domesticated for some 2000 years. ———

The assumption that Egypt was the unique birth center o fed nes
fic cat is challenged somewhat by the parallel development oi dom

cated cats elsewhere in the world. In particulai', there are indications that
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the Japanese have had (and possibly venerated) domestic cats, with a
unique cork-screw+tail, for more than 2000 years.

Originating wild species?

On the assumption that the Egyptians domesticated the cat, the problem
becomes: from which wild species did the domestic cat descend? The
Egyptians apparently kept a number of cats, among which were the
fungle'ay(F. Thaws) and the SINEEH wild @y & lpbical. One study of
Egyptian mummified cats suggests that chaus may not have been
domesticated in any true sense of the word, as these are poorly repre-
sented among the remains examined. The majority of skulls which the
author examined belonged to a form smaller than chaus, yet larger than
Iybica or the present-day domestic cat. This form is named F. lybica
bubastis and is thought to be derived from, or to be a race of, the widely
distributed African wild cat lybica. Apart from size, the skulls of
mummified cats and of lybica were closely similar. Curiously, there does
not seem to be any existing known wild form which matches bubastis
exactly. The above is the extent of the direct evidence for the origin of
the cat.

However, another approach can be taken. This is to consider the
number and distribution of wild species. The two most likely ancestral
forms areg.k;@_t@_jﬁ—f@}nd@ Ivbica.dhe European and African wild cats,
respectively, on account of their size, characteristics and coloration. The
former occurs in Britain, throughout Europe (except for Scandinavia),
south-west Russia, Caucasia and Asia Minor. The latter occurs in most of
the larger Mediterranean islands, much of Africa, Arabia, Turkestan and
northern India. While some taxonomists are prepared to accept silvestris
and lybica as two distinct species, each one is divided into a large number
of geographical subspecies and races. These divisions are based mainly on
differences of background color, intensity and distribution of striping,
whether or not the striping is breaking up into spots and the clarity of the
striping or spotting.

Thus, there is the diversity to be expected of a widely distributed
species. In general, there is a north to south gradation of coat thickness,
intensity of ground color and amount of tabby markings. Of the two,
lybica displays the greater variation. If one examines these species
complexes as a whole, it does not seem inappropriate to merge silvestris
and lybice into one species, with geographical groups. A study has done
this, giving silvestris as the embracive species name.

The results of fHTETspEcEy iybiidizationy affords another approach and,
from a genetic viewpoint, the most interesting. Much of the literature on
hybridization is very old and, unless a critical stance is taken, i/ EICaEFP
g%m Uifal e dDHGstc ¢al prodiices Aybrids with pratiically Hiy wi

peeies, This could be so, but too many of the early cla

ims are based on
breeders’ reminiscences and travellers’ observations to be reliable. On the
other hand, of course, if two species so different as the lion and tiger can
be crossed reciprocally - tigron from the union of a male tiger and lioness
and liger from a male lion and a tigress — then it is conceivable that a large
number of the smaller cats might be capable of producing hybrids.




;
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However, while the above cross is fairly easily obtained, the disparity
between the two species is revealed by/faiial glerility. The male hybrids
are thought to be completely infertile while the ferale hybrids are only
partially fertile. These facts reveal the genetic remoteness of the lion and
tiger.

~everal sources of error have to be taken into account if claims of
hybridity are to be taken seriously. Simple observation is not sufficient.
Feral domestic cats abound in many parts of the world and many of them
resemble wild species in-color and temperament. The domestic cat is a
variable creature and no variation of color or bodily proportions should
be construed as positive evidence of alleged current or past hybridity.
Only if a person has intimate knowledge of the animals concerned can a
claim be entertained; yet even this is not conclusive. For a claim of hybrid-
ity to be conclusive, it is necessary for the parents to be confined and the
matings controlled and visually confirmed. -

Authentic JybTASIHETW thve AGMESHE F&l»;@_ﬁmﬁ ares
(Scottish and European) (o silve: yris haye been ebtained on several
occasions. dnihe oTtey 6f tases, e offspring are fiackercl tabby. géﬁ

£ote AT wiid 10 eIpeIAtRent In one instance, however, a male hy! rid
was observed to be ‘as tame as a fire-side cat, so that after a while he
was allowed out of his cage to wander about’ (Gillespie, 1954). This is
interesting because it denotes genetic variation for ‘tameness’, one of
the prerequisites for domestication. The hybrids seem to be regularly
fertile. This could be significant as it is usually indicative of a not too
distant genetic relationship. Several of the domestic females carried
mutant genes and these can be expressed by the hybrid genotype. Self
black (the wild male was evidently a heterozygote), piebald with white
spotting and Manx tailinessness have been transmitted (the last two
genes being dominant). Though the transmission and expression of
mutant genes (the numbers were too few and the variation of expres-
sion was not closely studied), are not of great weight, again there is
indication of some degree of genetic identity. Most of the hybrids
possessed the bushy tail of silvestris, but this was not always the case,
and, in one instance, the second generation showed variation in the
amount of hair on the tail.

Alleged hybrids between the domestic cat and various races of lybica
(both African and Indian) are claimed on several occasions in the older
literature. More recently, fertile hybrids have been obtained between the
domestic cat and the Steppe cat (lybica caudata) under controlled condi-
tions. Furthermore, Pocock (1907) was able to produce hybrids between
silvestris and an African race of lybica. These were typical mackerel
tabby, similar to the parents. Two were eaten by the lybica mother
shortly after birth while the surviving kitten at nine weeks was showing
signs of having the well-covered hairy tail of silvestris. Thus, there is
direct, as well as circumstantial, evidence that hybrids can besecured
with lybica. If credence is given to these early accounts, there may be
found stories of fertility and variable degrees of tameness for the
hybrids.

Hybrids between the domestic cat and the Jungle cat (F. chaus) have
been obtained. The hybrids are tabby in color and with somewhat more
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tabby striping than is apparent in chaus. Morphologi

blance is closer to chaus, for the hybrid is lggero%(l)?glg’ lglgegergsiﬂlé
shorter tailed _than the domestic. The hybrid is al;parently fertile, for
daughter hybrids have been mated back to the chaus father and have
;eared htte_rs. The h.ybnds appear to be well cared for and are said to
theetame.lP:iebal_d white spott@ng, introduced by the domestic cat, showed
19671)1.sua ominant expression on the hybrids (Jackson and Jackson,

Two further crosses may be noted because of the implicati
can be productive of hybrids. The crosses were betweegliiaetlggr;gsttig?t,
:md the bobeat (Lynx rufus) and oncilla or little spotted cat (F. tigerina)
wo species from the Americas. In both instances, the hybrids tend fo
resemble the wild species, rather than the cat and were of wild disposi-
tion. Nothing is known of whether or not the hybrids were fertile pThe
Intriguing aspect is that hybrids could be produced at all as the point of
departure for the old and new world species must have been a vast
ilumbe(rj of years ago. Yet, despite this, the three forms can come together
c%f produce viable offspring. The implication is that the production of
oifspring, per se, from the domestic cat and either silvestris or lybica loses
so(;fn;eri(;f its mgmﬁgance. Only the probability, if not certainty, that these
gengﬁc iina;l(:j pfertﬂe may turn out to be important for demonstrating
No matter how much time is spent on detailed systemati inati

of species appearance or how supposedly diailgnost?ctl cf:z?ggat;gg
compared, the_cruc1a1 test of genetic relationship is that of crosses. The
fact that the wild species and the hybrids are fearful and barely ma;la e-
able is an unfortunate complication but one which can possibl gbe
overcome. Already, certain European zoos are making detem}’ined
attempts to breed and rear silvestris in captivity. The lack of kinship

between the d i i i i i
b omestic cat and a wild species may show itself in one of two

¢ The animals may copulate but no viable i
young are forthcoming.
* Young may be born but these are sterile either in one or bothgsexes.

These various possibilities are sometim

[ es taken to represent different
degrees of relationship. The former i i s ‘onshiy
Gegrees of rela p implying a more distant relationship

However, the important item is that th i i

ever, e putative wild ancestor of the
dlomestlc cat should be capable of producing fertile hybrids. Perhaps a
clear cut answer may not emerge; for it is possible that the ancestral
species may ha\fe begome extinct or that the cat may be capable of produc-
mgrflertlle hybrids with more than one wild species.

ere seems now little doubt that the present-da i
y ' 1 y cat population of th
vbvorld is probably a single genetic entity. By that, it ispnzeant that cat:
frO}ight together from the remotest localities will interbreed and produce
glrll;log e};(;lugi Eyen g:tats Frzught from Asiatic countries are fertile with
' s, in spite of the possibility that these h
smée th; ezirly days of domestication. ’ ave been separaied
ne final point will be made: no matter how diverse the

1 modern cat

may be in coat color or body conformity, all of the variability can be
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interpreted in terms of gene mutation and recombination which has
occurred after domestication.

The Bengal — A success in hybridization

imi reate a domestic cat with the look of the xyild cat, the Bengal
lvltellrsmgrge;?eg by mating a female American Shorthair cat to an ‘?mzn
leopard cat. While the look that the breeders wanted was achn_evs: ,ltte
problems of loss of fertility and its l;liffigult temperament were difficult to

at the beginning of this breed. _ )

Ov,?&rfct?rn;ears of w%)rk ax%d outcrossing to the American Shqﬁhau& tﬂt;e
Bengal has now come into its own. The cat is no longer mfe;tﬂe and the
problems of temperament have been overcome by distancing oﬁs;l))nng
from the wild ancestor, while some of the look of t.h_e wild cat has een
retained. This beautiful cat is the very model 'of agility and muscul:?lnty.
The hind legs are longer than the front legs which enables the cat to h]ump
to amazing heights. The cat is now well socialized and is perfectly happy
as a pet in someone’s home or in the show ring. The breeders ;r;:l 50
concerned that this cat not revert to any inherent inkling to wild le zilv-
jor that the standard for judging the .Bengal says that any Bengal who
challenges the judge must be disqualified.

Introduction 9
Historical appendices
A: Discredited beliefs

Several discarded ideas will now be briefly discussed. One or two have
some inherent interest but they are essentially false, despite the fact that
they were widely accepted by breeders before the turn of the nineteenth
century — or even more recently. Their unfounded speciousness is exposed
by failure to pass the tests of repeatable experiment. However, from time
to time, ideas linked to them tend to re-emerge.

Telgony

Telgony is the alleged influence of one sire upon the offspring of another
when mated to the same female. In its most common form, the fear is
expressed that a pedigreed queen, accidentally mated by a mongrel cat, is
useless for pedigreed breeding because all of the subsequent kittens will
be mongrels, however she is mated. This fear is groundless. The use of
one male has no means of influencing the young of another.

Telegony also fails in another respect. If true, a mating with a first-class
sire should then guarantee the production of superior kittens however the
queen is subsequently mated. Again, this is a faisehood.

Maternal impressions

Maternal impressions is a belief which would make breeding much easier,
if it was true. This term is given to the alleged influence of the surround-
ings on the offspring while these are still in the uterus. That would mean
that a pregnant female kept in close proximity to outstanding animals
might be induced to produce kittens of above average merit. Or, a certain
color might be induced by keeping a pregnant female in company with
other cats of the desired color. Neither of these has any hope of success,
except by chance, which has no connection with the principle involved.

Acquired inheritance

Acquired inheritance is a general term denoting an environmental influence
which, working on the body, is able, allegedly, to modify the germ cells so
that its influence may be seen in subsequent generations. The environment
does in fact encroach on the development of the individual from the
moment of conception. First, there is the prenatal maternal environment
and, later, there are the pressures of the post-natal world. Thus, there is
ample opportunity for the environment to buffer or modify the body. In fact,
it does so in myriad ways, but the contents of the germ cells which consti-
tute the hereditary material escape the influence. On occasion, the germ
cells can be reached, such as through an environmental toxin, but the effect
is usually so damaging that procreativity is out of the question.

The cruder aspects of acquired inheritance have long been disproved
{such as the breeding of tailless mice by chopping off the tails of parents),
but every so often more subtle versions of the myth appear to gain
credence. Eventually these, too, are shown to have little validity. In
general, any bodily experience or mutilation is extremely unlikely
to be inherited. A disease affecting the mother during pregnancy could
produce diseased or deformed offspring but, even so, neither the germ cells
of the mother nor of the offspring are affected and subsequent litters may
be perfectly normal.
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The only environmental factors which are known to affect the germ cells
are X-rays, radiation and a wide variety of chemical mutagens. These
agents do so by inducing chromosome aberrations and gene mutations.
Eurthermore, the mutation is entirely at random and occurs at a very low
frequency. The possibility of increasing the mutation rate of certain kinds
of mutants to bring about a desired change has been discussed among
scientists, but the likelihood of this is remote and experimentation like this
on pedigreed cats is never done by responsible breeders.

B: Timeline of cat breeds

Table 1.1 Timeline of cat breeds

Area of origin Accepted date(s) of origin

Breed name
Abyssinian Ethiopia 1860s
Alaskan Snow Cat — see Snow Cat
American Bobtail USA 1960s
American Curl USA 1981
American Lynx USA 1980s
American Shorthair USA 1966. Previously Domestic
Shorthair; first registered
around 1900
American Wirehair USA 1966
Australian Australia 1946*
Australian Curl Australia 1996. Discontinued 1997
Balinese USA 1940s. Date of official
recognition 1961
Bengal USA 1963
Birman Burma Disputed, some say France
in the 1930s
Bohemian Rex Czech Republic 1994
Bombay UsA 1958. First official
recognition 1976
British Angora UK 1960s
British Shorthair UK 1870s
Bristol 1970s
Burmese Thailand 1350-1767. First official
recognition 1936
Burmilla UK 1981
California Rex USA 1959*
California Spangle USA 1971
Celonese Sri Lanka 1984
Chartreux France Fourteenth century. First
shown in 1931
Chantilly USA 1967
Chausie USA 1995?
Chinese Lop China 1796*
Colourpoint British Shorthair UK 1980s
Colourpoint European Shorthair Ttaly 1982
Colourpoint Shorthair UK 1947
Cornish Rex UK 1950
Colourpoint Longhair (see Himalayan)
Coupari — see Longhair Fold
Cymric ' Canada 1960s
Czech Curly Cat — see Bohemian Rex
UK 1960

Devon Rex
Domestic Shorthair — see
American Shorthair

Table 1.1 Continued
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Breed name

Area of origin

Accepted date(s) of origin

Don Sphynx - see Russian Hairless
Dutch Rex
Egyptian Mau

European Shorthair

Exotic Shorthair

French Sphynx

German Rex

Havana Brown (as ‘Havana’)
Himalayan

Italian Rex 5

Japanese Bobtail

Javanese

Karakul

Karel Bobtail

Karellian Bobtail - s i
Kashmir ece Karel Bobtail
Korat

Kuril Bobtail

LaPerm

Longhair Exotic

Longhair Fold

Longhair Japanese Bobtail

Ma@ne Coon

Maine Waves — see Rexed Maine Coon
Manx

Marbled Mist
Malay Cat
Malayan

Mei Toi
Mexican Hairless
Missouri Rex
Munchkin

Nebelung

Norwegian Forest Cat
Ocicat

Ohio Rex

Ojos Azules

Oregon Rex

Oriental Shorthair
Peke-Faced Persian
Persian

Peterbald - see Petersburg Hairless
Petersburg Hairless
Pixie-Bob

Poodle Cat

Prussian Rex
Ragamuffin

Ragdoll

Renegade

Rexed Maine Coon
Russian Blue

Russian Hairless

Netherlands
Egypt

Italy

UsaA

France

East Germany
UK

USA/UK

Italy

Japan

USA/UK
USA
Russia

UK
Thailand
Russia

USA
USA
UK
Japan
USA

UK

Australia

Malaya Peninsula
USA

USA

USA

USA

USA

USA
Norway
USA
USA
UsA
UsA
UK
USA
Iran

Russia
USA
Germany
East Prussia
USA

USA

USA

UK

Russia
Russia

1969*

Early. First recognized in
Europe in 1953

1982

1966

1960s*

1946

1951

1950/1920s

1950*

Fifth to tenth century.
Official recognition 1971
1960s

1930s

1990s?

1950s

1350-1767

Recognition date 1990s?
Existed prior to this
1986

1990s

1980s

1954

1860s

Early. First shown in USA
1933

1997

1881*

1980

1994

1902*

1990s

Recognition date 1991.
Existed prior to this
1990s

Early

1964

1944*

1984

1959*

1950s

1930s

Early

1990s

1995

1994
1930s*
1994

1960s

1997

1988

Late 1800s
1987
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Table 1.1 Continued

Breed name Area of origin Accepted date(s) of origin
Safari Cat USA 1980s

Savannah uUs igg;”

Savannah gﬁ o

Scottish Fold el

Selkirk Rex USA )

Serengeti USA }99‘58)3 ?

i UK )
Sf’-yCheﬂOlS Thailand 1350-1767. May have first
Siamese been shown in 1871

iberi Russia Early
gi?;::n ot USA 1986
Singapura Singapore/US 1971
Snow Cat UsA 1990s
Snowshoe (Ig:;?y . igggs

t

ggﬁ:)ali'e Forest Ca USA/Canada 1967
Sphynx Canada 1966
Spotted Mist Australia g;g
Suquiranese UK Lous?
Thai-Bobtail Russia 57
Tiffanie UK 1980s
Tiffany USA 1967
Tonkinese UsA 1950s
Toy-Bobtail Russia 1986
Turkish Angora Turkey 1}%m'iy
Turkish Van Turkfzy arly
Urals Rex Russia 199
Ussuri Russia igggi
Victoria Rex UK Erecy
Wild Abyssinian Singapore b
York Chocolate USA

*Vanished breeds

i ized by registries
- The breeds named here are not nec_essarlly recognize rie
yfo:)gdigreed cats, but are listed here for information. The dates of ong:n
are those which are generally accepted by breed_ers,: and fanciers asd e
dates (a) from which the breed can be dated as a distinct, natural bre(: ' ct>r
(b} the dates from which the breed can be dated as descendants of cats
selected to found the breed.

Source: J. Shartwell, Breeder/Exhibitor, Tony Morace, ACFA allbreed
judge, updated by L. Shelton, co-author.

Chapter 2
Reproduction and development

Practical aspects of reproduction

Germ cell lineage '

Heredity versus environment in the shaping of the individual
The chromosomes ;

Sex chromosomes and sex detarmination

Sex development

Technical appendices: : i

A: Basic data on reproduction and the life tycle of the

domestic cat . : g 8 -a ]

B: Haploid number of chromosomes for selected cat species

i, alaflette' s By

Practical aspects of reproduction

Reproduction in the cat is a fascinating topic in its own right and one that
we presume most breeders are familiar with. The majority of cats repro-
duce quite happily, if they are healthy. This section acts as a summary of
the more practical aspects of the subject and forms a preamble to a more
detailed discussion of what is actually transmitted from one generation to
the next at the act of coitus. Additional resources can be found in the
references at the end of this book.

Reproductive age

foxual 1

Under optimal conditions of husbandry and diet,

" or
puberty in the female normally occurs between the ages of § 12

[OAths . depending on a variety of factors, such as the month of birth and
its growth rate. Exceptionally, a rapidly growing female rmay reach puberty
as early as four months of age. Size is probably the governing factor, as
one report says the female is capable of breeding when she weighs about
25kg (5.5 1b). However, regardless of the actual onset of puber Y, it is

fie attainment of puberty is less obvious in the male, but is usually
taken to be a month or two later than in the female. For medium and
large cats, a weight level o
convenient point. IEens Will 6

 gight years
usual. The actual cessation of breeding is a gradual affair, usually accom-
panied by a rise of sterile copulations and decline in litter size. It is rare
for a female to reproduce beyond the age of 14 years. Just as males attain
puberty a month or so after females, they are also capable of breeding for
a number of years beyond the latest age for the female.
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Estrus and coitus

ESTS [@ieal)Js the period in which the female is receptive of t.he Iatteg-
tioso male. The STFATON IS A0 fiverto _eight E@lfﬁ
SIHGIEh porsising,aslong as 20 days/ The period 15 marked by Te the y
‘fernctive behavior by the queen enabling an experienced bree erdto
judge the most advantageous time for the two animals to meet. For a ?y
or two (the pre-estrus stage), the female _becomgs very aﬁe;;:tllona e,
demands unusual attention, rubs herself agam‘st op]e:::ts and in llllges in
playful rolling. There may also t:le l}ov:lllling and ctallmg although there are
i among various breeds in this respect. )
dlf”ﬁr: I:;f:sond stagge is characterized by treading and the adoption of ’It‘llie
coital crouch (flattening of the back and raising of the hmdquar_ters).f the
coital crouch occurs in response to gentle stroking or a nudging o k e
genital region or the presence of a male. The: queen is now fully receptive
and coitus (mating) can occur. Successful intromission (penetration) is
almost always accompanied by a loud cry or growl from the queen. "
After the two cats have parted, the fe_male usually engages in qlllllf;
vigorous rolling, rubbing and licking, which then _subsu_ies mt«l) ai isor
period of inactivity. They may resume mating within an interval o or
30 minutes. Several matings per day for all but the last day of estrus may

occur if allowed.
Aahdsl

anuary 1o July/(in the Northern hemisphere) or even somewhat
0. ‘The natural winter pause, however, can be effectlyel‘y .reducehd by
the provision of artificial illumination to counteract the dummzhed ours
of daylight. Two, or even three, litters can n(?rmally be produce: Izer. yetzlilré
with the peak months being March to April and July to August (in

Northern hemisph

I e b

iE fenrale uswatty siows TegiiTenl csic
s of 12 10 22 days although it is reperted that some Al Dy
¥ .ve much mase izegulareyeles. An infertile mating is often followed ;)ly
a seudopregnancy which lasts about 30 to 40 days. After this the female
i again.
co%;:: g:to i: Sglr-xl:as ofg the few mammals in wh'ich the eggs are re}_erg\iqgrby
the ovary as a result of nervous stimuli provided by _9u q 5%93%5&
period is about 66 days,«{fhough THe broad Fge of b EISEL __é.;’_;;t@g
gPatE has been recorded. Some latitude must be expected, fm:;l T,
imprecise information on 'zlhe actual d;yd o;S the releflse of the eggs,
i atings spread over several days.
es%%:éalli&i%re? of egggspreleased is probably in excess of the number of
kittens born, due to intrauterine mortality of fetuses. Unfortunately, precise
data on the extent of this mortality is lacking. A survey to__Qgtgnm_n&
weaned litter size revealed that the fiyétage Hiter consists oF 3.9 kittensd ?h
an extreme range of one to 10, based upon 5073 _htt_c; 1 813 cat;). he
e -of TE litret, OSUENlY VATEs With e \gEEGHHGE, with heavier
; nding to have lar ger litters than the lighter females. The sex ratio
has been found to be 104 males to 100 females, based on 16 820 k1ttens.' i
The lactation period may vary from 50 to 60 days_although partial
weaning, particularly in catteries following an early weaning program, may
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begin before this. Complete weaning leads to a rapid end to the milk flow.
While there is no estrus immediately following parturition (post-partum
estrus), the estrus cycle usually recommences between two and four weeks
after weaning, and can, on occasion, return even earlier.

Litter size

The ideal litter for a queen seems to be about four kittens. Statistics kept
on pedigreed cats indicate that most breeds tend to produce litters of
about this size. Few females seem capable of nursing more than this
number unaided, particularly if rapid growth of the kittens is to be
expected. Kittens from large litters can be transferred to queens with
small litters or kittens may be supplemented with milk in a special cat
feeding bottle. It must not be overlooked, of course, that the ability to
suckle a complement of four young is inherited. Breeding stock should,
therefore, only be chosen (as far as possible, after all other aspects,
including overall health, are taken into account) from queens who have

been ‘good mathers’ and who have reared kittens with a good record of
growth.

Longevity

Stories abound of many cats living to a ripe old age, but people interested
in feline geriatrics are reluctant to accept undocumented statements. A
report on authenticated cases of cats living beyond 20 years shows a range
of longevity from 19 to 27 years, with an average of 22 to 23 years. Unsub-
stantiated claims have gone even higher Unfortunately, the errors
involved in recalling past events and establishing the age of an animal are
notorious.

Genetic factors may influence most of the featurés discussed here. This
means that line (strain) and breed differences exist. The Manx, for
instance, usually has smaller litters than the average, because of the
intrauterine mortality associated with the lethal gene found in the tailless
condition.

Germ cell lineage

The cat as an entity commences life as the union of two germ cells. This
occurs in the oviduct, a thin tube of tissue that conveys the egg (female
germ cell) to the uterus on its release by the ovary. Though the act of
coitus provides the stimulus, the eggs are not liberated until many hours
have elapsed. The delay allows the sperms (male germ cells), which have
been deposited in the vagina, to make their way to the site of fertiliza-
tion. There, they either meet the eggs or are on hand for the arrival of
the eggs.

Fertilization accomplished, the egg undergoes cleavage, passing through
the morula and early blastodermic stages. [Eplaration s Gefieved 9
focenr about ‘fhie 14th day. From this point on, growth and development
are rapid and the tiny blob of protoplasm becomes transformed into a
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recognizable fetus. After about 66 days, the cat is expelled from the queen.
It emerges as a young kitten, not fully able to fend for itself, but equipped
with a sucking reflex to obtain nourishment from its mother.

As a new individual is created by the union of germ cells, it follows
that their contents must form the material link between successive gener-
ations. The male and female germ cells differ greatly in size and struc-
ture, as befitting their different functions. The egg is relatively large and
spherical, rich in nutrients to carry it over the developmental period from
fertilization to implantation. On the other hand, the sperm is a fragile
thing, microscopic in size and possessing a long tail, with just about
enough energy for it to reach and enter the egg for fertilization. The
function of the egg and sperm is to house a nucleus and to assure that
two nuclei (one from the egg and one from the sperm) can come together
and fuse.

Genetically, the important constituents of the two nuclei are the
chromosomes. These are extremely small bodies, visible under the micro-
scope. They are bearers of the hereditary material. Their joining up to
form a common nucleus enables the egg to commence development as an
independent entity. ;

In biological terms, the body of an individual is known as the ‘soma’. It
consists of myriads cells, all of which are concerned with either the struc-
ture or with the innumerable physiological functions necessary for sustain-
ing life. The greater bulk of the somatic cells is not involved in
reproduction, although some are indirectly. The reason for this is that, as
the fertilized egg gradually changes into an embryo and then into a fetus,
the various pathways of development become sorted out and then diverge
at a progressive rate. A fundamental divergence is that between those cells
that are destined to produce the soma and those cells that are destined to
form the germ cells. Developmentally, once separation has occurred,
growth can then be semiautonomous, subject only to the restriction that
if growth is proceeding normally, the various processes must not become
out of step with one another.

Heredity versus environment in the shaping of the
individual

A careful distinction should be made between genetic endowment and
subsequent development of an individual. Genetic endowment is
completed at fertilization and is heredity in the strictest sense. That is, this
represents the extent of the parental contributions. Development of the
individual has yet to proceed. It is here where the genetically inspired
growth processes and the effects of environment can interact.

In genetics, the environment has a wider, yet more technical, meaning
than just that of the surroundings. All tangible non-genetic influences
constitute the environment. At first, the developing individual has to
contend with the maternal environment. Prenatally, that is provided by
the uterus; postnatally, it is provided by the level of maternal care. Later,
the developing individual has to contend with the impact of the physical
world.
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As an individual’s development proceeds, it is buffeted i
by environmental influences. The picture is complicated byo?hsvfirc); :111(:12
tl.1e various characteristics that make up the individual are affected to
different degrees by the innate genetic constitution. For instance, at one
extreme, it cc_nll_d be argued that post-natal growth is largely gove’rned b
diet. If this is inadequate, a poorly developed and stunted animal w1])l,
rc?sult. The animal may even languish, become susceptible to disease and
.dle._ Qn the other hand, somewhat similar results could follow if th
md’Ilrdual is reared in cold, damp, surroundings. )

hese two examples are singled out because th i
environmental factors on development are the diet Zn??e;;g:mgzm’;hrg
former is obviously of great importance as growth is dependent on nourish-
ing food. Yet, the _dletary effect is almost entirely negative. Given adequate
food, the growth is then largely governed by the genetic constitution

At the other extreme, some characteristics are scarcely affected by the
environment. To cat breeders, coat color and hair type are impo};tant
attrlb'utes and tpese are almost completely controlled by heredity. True
the Siamese (pointed) pattern is modifiable to some extent, as the témper:
ature of the cat’s environment influences the amount of pig,ment deposited
in the hairs. That is, the intensity of the color is impacted, but the presence
or absence of pointing is not. This is the exception that tends to prove the
rule, for only one particular series of genes (of which Siamese is a
mem_ber) is affected in this way. In general, it is almost impossible to
m?«&dltf]i]' t(l:lle color by environmental factors.

) ird point is worth mentioning to complete this discussi i
w1t_h develo_pmental error. De\gelopmentaf error arisesuzls':)(ﬁ. ::clisdgg?ﬁ
quirks and lrr‘egularities of development peculiar to the individual that
cannot be easily attributed either to genetic or to environmental causes
This source of variation is of little concern for practical responsible cat
breedmg, tpough it is advisable for breeders to be aware of its existence
An_y variation of this nature is relatively small. The variation of piebalci
v_vhlte spotting provides a good example of this. Though the variation can
be described in broad terms, such as bicolor or van pattern, no two white
marked cats are exactly alike. In part, this is due to the e;ratic develop-
ment of the white areas during embryonic growth, so the particular pattern
is a feature of the particular individual. P

The chromosomes

As the chromosomes within the germ cells are the hereditary material that

is pas§ed on f'rom generation to generation, the mechanism by which this

;; 30{116(\176(1 will be discussed in more detail. Two sorts of cell division are
olved:

. II:II/Iitosis - ordinary cell division.
¢ Meiosis ~ two special divisions th i
Meic p that lead up to the formation of the germ

"Ii'ill;cﬂtrqatment here is admittedly oversimplified to bring out the essential
similarity and to show that meiosis is a subtley modified form of mitosis.
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Mitosis
In ordinary mitotic cell division, which takes place during growth or to
replace worn out or damaged tissue, the membrane containing the nucl.eus
dissolves away. At that time, the chromosomes (38 in the cat) orient
themselves so as to form an ordered line-up in a planc across the center
of the cell. This is a period of intense activity within the cell. Soon, each
chromosome has given rise to a partner, alike to it in all respects, by a
of self-copying, cloning. )
pn’;‘chf:schromosorg?s lgie in close proximity for a while and then begin to
move apart. Each of the 38 chromosomes behaves in the same manner.
The two groups tend to move in unison and eventually huddle together
at each end of the cell. A nuclear membrane fom:ls around each group,
to bring into being two nuclei. The cell may constrict betyveen'the nuclei,
or simply construct a cell wall. The nuclei are now cc_mtamed in separate
cells and these increase in size, until they are identical to the previous
i ell.
sng%fe c;nitotic divisions are responsible for the growth of the soma, cell by
cell, until the tissues, bones and various organs are built up. They are also
responsible for the formation of the gonads, which are formed at the appro-
priate stage of embryonic development. The fact that ‘the gonads are
formed so early in life does not mean that they are immediately functlona_l.
Rather, functionality does not occur until many rponths later, when somatic
growth is almost completed and the animal attains puberty. It does mean,
however, that the gonads are semi-independent of the soma, remaining
inactive until, under the influence of hormones, they become active and
begin to produce germ cells. It is at this stage that the mitotic divisions are
transformed into the slightly more complicated meiotic divisions.

Meiosis
As in mitosis, meiosis begins by dissolution of the l}uclear membrane a'qg
the orderly line-up of the chroxgosontfs. However, 1p§t?ad of the o-
i eparate bodies, they now &g 10 oy £3. Ahg
b ! icmatérial at c10S5-OVET points
Examination reveals that the pairing is not at random, but only involves
those chromosomes of similar size and shape. It is clea; that the 38
chromosomes are, in reality, 19 pairs of chromoso_mes (that is, two of each
kind). This explains why pairilég caE otcitl:ur, as different chromosomes as
ehave independently of each other.
: er:/lﬁat:ever is thg attracz,ion that brings the similar chromosomes
together, it soon wanes, and the repellent starts. The chromosomes move
apart towards opposite ends of the cell and the 19 chromosomes remain
bunched together while a nucleus forms around them. A cellular wall
divides the cell and the two new cells are formed. This is thq first meiotic
division. A second division follows which is essentially a mitosis. There,
the chromosomes line up, but do not pair. Instead, a partner chromosome
is formed by self-copying, and the chromosomes fall‘ apart to form
separate nuclei. The appearance of a cellular wall results in two new cells.
Note that this division only involves 19 chromosomes.
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The important meiotic division is the first. During this stage the mixing
of genetic material occurs so that no two germ cells then contain the same
genetic material. But, for purposes of this book, the most important aspect
is the reduction in number of chromosomes that takes place during
meiosis. There are 19 different chromosomes in the somatic cells of the
cat but, as each one is present twice, this gives a total of 38. This number,
38, is the diploid number (the reduced number of 19 is denoted as the
‘basic’ or ‘haploid’ number).

The products of meiosis are transformed into germ cells, each contain-
ing 19 chromosomes. The transformation is more or less direct for the
male, with the meiotic divisions leading to the production of sperms. The
transformation is less direct for the female, although the end result is the
same, the production of a fertilizable egg nucleus containing 19 chromo-
somes. The union of two germ cells, male and female, each with 19
chromosomes, restores the diploid number of 38 and gives an individual
the full complement of genetically determined characteristics, half from
the mother, half from the father.

The necessity of reducing the somatic chromosome number by half
should now be apparent. If this did not occur, the number of chromosomes
would double in each generation, which would be absurd. However, the
substitution of meiotic divisions just before the production of the germ cells
is an elegant mechanism to maintain a constant number of chromosomes.

The arrangement of the chromosomes in pairs is also part of the genetic
mechanism. It is not sufficient that the germ cells should receive any
random collection of 19 chromosomes, but rather they receive the same
basic 19 in every cell. The line-up ensures that this occurs by sending one
of each pair to opposite ends of the cell. However, the chromosomes may
be jumbled up in the cell before a division. the meiotic line-up effectively
sorts out the pairs.

The diploid-haploid alternation is confined to the germ cells, the soma
invariably containing 38 chromosomes (except for accidents of division).
These accidents tend to be rare but, when they do, they can lead to abnor-
malities. The production of the tortoiseshell male cat, to be discussed in
a later chapter, is one such instance.

The latest information on the haploid number of chromosomes for both
the small and large cats is given in the technical appendix to this chapter.
It shows that the haploid number of 19 for the domestic cat is by no means
exceptional. Indeed, detailed studies by karyologists (people who study
chromosomes) have shown that the majority of felids possess a similar
number. They have also shown that the sizes and shapes of the individual
chromosomes do not appear to differ a great deal between species. This
probably explains why it is possible to obtain hybrids between many of
the species, even if the hybrid may be sterile.

Sex chromosomes and sex determination
Each of the normal complement of 19 pairs of chromosomes in the cat

differs from the others. Some pairs are larger than others and some a
different shape. In general, the chromosomes that make up each pair
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match; they are identical in size and shape. The reason for this, of course,
is that each chromosome is represented twice in the somatic cells, hence
their selfsameness is no cause for surprise. According to the latest exami-
nations, there are nine pairs of large chromosomes and nine pairs of
medium to small chromosomes.

What is interesting, however, is that in addition to the above, one pair
of chromosomes is not identical. Their most obvious difference is in size.
One is a medium-sized chromosome while the other is quite small. Why
should this be? A clue may be found in the fact that the inequality is
confined to the male. Observations have shown that the female has 10
pairs of medium to small chromosomes while the male has nine pairs plus
the unequal sized pair. It may be deduced that the latter are associated
with sex. In fact, they are sex chromosomes. This makes the pair rather
novel.

So, to distinguish the other chromosomes from these, all of the ordinary
chromosoimes are called ‘autosomes’. The sex chromosomes themselves
are further distinguished by calling the medium-sized chromosome the X
and the smaller chromosome the Y. As the Y chromosome is carried only
by the male, it is commonly referred to as the ‘male’ chromosome. There-
fore, using the symbols indicating the sex chromosome makeup of the two
sexes, the male is XY and the female is XX.

A confirmation that the unequally sized sex chromosomes are a true
pair is provided by a study of meiosis in the male. In the line-up of
chromosomes, the sex chromosomes can be seen to pair up and migrate
to opposite ends of the cell. This means that the two cells formed by the
division are not fully identical. Each cell contains a set of identical
autosomes, but one cell contains an X chromosome while the other has
the Y. These cells are transformed into sperms. It follows that there are
two sorts of sperm, those carrying an X and those carrying a Y. Further-
more, as the cell divisions are proceeding continuously, the two sorts of
sperm are produced in equal numbers.

Tn the female, on the other hand, this differentiation of the germ cells
cannot occur as the sex chromosomes in this sex are an identical pair. At
meiosis, the XX sex chromosomes come together at the line-up, and
separate in‘the usual manner. But it does not matter which member of the
pair ends up in the fertilizable egg nucleus. The result is always the same:
the egg will contain one X chromosome. When the egg and sperm unite
at fertilization, the sex chromosome constitute of the individual will
depend upon the sperm. The egg contributes one X, but the sperm
contributes either an X or a Y. The two sorts of sperm occur in equal
numbers, so two sorts of individual are formed at fertilization: those with
XX chromosome and those with XY chromosome. The former will
develop into females and the latter into males. The cycle of sex chromo-
some reduction and reconstitution is mediated in the male.

To put it another way, sex is determined by the X and Y chromosomes.
The male is of constitution XY and the female is XX. The male produces
both X and Y chromosomes, while the female produces only one (X). These
unite at random to give an expected 1:1 sex ratio among the offspring.

This in turn means that the sex of the individual offspring is determined
by the male. It is also determined at the moment of fertilization. The XY
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Figure 2.1 Sex development

and XX chromosome constitution of the emb i i
s ) ryo will see to it that th
developing sex organs will be appropriately male or female (Fig. 2.1). ©

Sex development

Sex is ml‘tlally determined by the XY or XX constitution of the individ-
ual and in the vast majority of cases, subsequent development of the
embryo is perfectly normal. However, in some cases the normal develop-
ment is upset and' one of a variety of anomalies may arise. Anomalies terf)d
to be rare agd this is an indication that the cause is an exceptional event
In some instances, the abnormality will be independent of the se);
chromosome constitution. These will either be due to accidents of devel-
opment or be caused by genes on the autosomes. For example, a not infre-
quent anomaly is unilateral or bilateral cryptorchidism, that is ‘a disruption
of the descent of testes into the scrotum. As a male with one testispfull
descended (unilateral cryptorchidism) is usually fertile and will sire botl};
ma_le apd female kittens, this indicated that his XY constitution is
unimpaired. The defect is clearly one of development. The cause of thi
anomaly is discussed in Chapter 4. ?
On the other hand, some sex anomalies are known to be caused b
unusqal' sex chromosome constitutions. These cases arc of particula¥
gltlanetlc interest. Whgreas the Y chromosome may carry very few genes
:he_X épay carry a fair number. It is not possible to say how many because
eir discovery is dependent upon the rare event of mutation. Yet, one
X-borne mutant has been known in the cat for a very long time. This is
sex-linked orange, the gene responsible for the tortoiseshell pattern. The
reason why this pattern ordinarily occurs only in the female is due tc; SEX-
linkage. The genetic situation is fully discussed later in Chapter 4, but
one aspect of it is relevant at this point. Tortoiseshell males do occ1;r on
fare occasions and one of the explanations for their appearance postu-
ates an abnormal XY constitution. This suggestion can be checked by

g)fizg:sl];:tmn of the chromosomes and this has been done for a number
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The simplest case of a male tortoiseshell is the presence of an extra X
to produce XXY. This curious and anomalous constitution could occur
from mistakes during meiosis or in the mitotic divisions that occur after
fertilization. Whatever the cause, the cells of the individual have gained
an extra X chromosome. While a XXY constitution can produce an exter-
nally normal male, the animal is usually sterile.

Other unusual constitutions have been found in cats. These include
mixtures of XX and XY cells, of XY and XXY cells, and of XY and XXY
cells, together with yet more complex combinations involving a Y with
several X chromosomes. Individuals with mixtures of different cell types
are known as mosaics. Overall, the Y chromosome is so strongly male-
inducing that the individual possessing it develops as a male, despite the
number of X chromosomes that also may be present. However, the price
paid is that these males are sterile.

In contrast to the above are individuals with only one X chromosome,
a constitution that is written as XO. These individuals are able to live, are
females, but are sterile. They typically fail to come into estrus, a feature
that is the most obvious external sign of the anomaly.

Almost all of the anomalous constitutions involving the Y chromosome
were discovered because they produced the rare tortoiseshell male. The
reason is the chance occurrence of the orange gene O on one of the X
chromosomes. Without the presence of an O gene, these cats would be
simply infertile males.

However, some tortoiseshell males are actually fertile. There_ are two
mechanisms by which these can be produced.

o A frequently recurring mosaic is a mixture of XX and XY cells, a type
that is represented as XY/XX. This constitution is easily understood
because the cat is a mixture of male and female chromosome constitu-
tions. However, it is possible to have a mosaic of the type XY/XY, a
mixture of two male chromosome constitutions. Such a cat can be a
tortoiseshell should one of the X chromosomes carry the O gene.
Whereas the XX/XY mosaic is sterile, the XY/XY mosaic is fertile.

e The second mechanism draws upon the concept of somatic mutation.
A body cell can mutate in a similar manner to a germ cell. A mutation
on the X° chromosome of a male cat to produce an orange gene O will
result in a tortoiseshell. The form most commonly encountered is a red
tabby, with variably sized patches of black pigmentation. These have
been produced by a mutation from O to o in the body cells of the red
tabby. These males are fertile and they usually breed as a red tabby.
An account of the sex-linked inheritance of the orange gene O is given

in Chapter 4.
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Technical appendices

A: Basic data on reproduction and the life cycle of the domestic cat
Table 2.1 Basic data on reproduction and the life cycle of the domestic cat

e W =g e e — S

e

Item Average Typical variation
Puberty, males 12 months
A 6-14

Puberty, females 9 months 421 3333;:
Estrus cycle 12-22 days 7-40 days
Estrus ) 5-8 days 3-20 days
Gestation period 66 days 58-71 days
;Veaned litter size 39 1-10+ v

econdary sex ratio 104:100 5

¢ 3 4:10C 75:100-130:

greedlpg period ) Mid-winter-summer Year—round100

essation of breeding 8-10 years To 14 years

aN;Ler;g T;::es:d;a:sg:; :re a},‘nproxil:;atioa'::sal only. Both research and observation indicate that there can be wide differences
3 verages and typical variations for all of these measurements. Withi
be more consistent and the range of variation tends to be narrower PR

IS e BE e A B R e e e e som 2 2
B: Haploid number of chromosomes for selected cat species
Table 2.2 Haploid ber of chr for selected cat species
Common name Zoological name Haploid number
African golden cat Felis aurata
African wild cat Felis lybica %g
Blackfooted cat Felis nigripes 19
Bobcat Felis rufs : 19
Caffer cat Felis ornata 19
Caracal lynx Felis caracal 19
Cheetah Acinonyx jubatus 19
Clouded leopard Neofelis nebulosa 19
Domestic cat Felis catus 19
European wild cat Felis silvestris 19
Fishing cat Felis viverrina 19
Flat—head,ed cat Felis planiceps 19
Geoffroy’s cat Felis geoffroyi 18
Jaguar Panthera onca 19
Jaguarundi Felis jaguarondi 19
Jungle cat Felis chaus 19
Leopard Panthera pardus 19
Leopard cat Felis bengalensis 19
Lion Panthera leo 19
Margay cat Felis wiedi 18
Northern lynx Felis Iynx 19
Ocelo’t Felis pardalis 18
Pallas’s cat Felis manul 19
ﬁpas cat Felis colocolo 18
R a Felis concolor 19
. usty spotted cat Felis rubinginosa 19

and cat Felis margarita 19
Serval Felis serval 19
Snow l'eopz;ud Panthera uncia 19
Temminch’s golden cat Felis temmincki 19
%}ger Panthera tigris 19

iger cat Felis tigrina 18

evzt:‘i:d Ts'lll):z&iaesspglghies inhabitfinti Central and Sonth America have 18 instead of 19 chromosomes possessed by the Old
T . The cause of this is a fusion between two of the' smaller chromosomes to f
during the course of evolution. This has effectively reduced the chromosome number b; 0?1? Saftgmss SiremEong

. |
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Principles of heredity
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Technical appendix: ;
A note on Mendel's distribution and statistics

Introduction

The @gm of heteditiyare relatively simple. They can be reduced to
two concepts:
-, 11E [aw 6F separation ol {he gencs i ffie germ Cell. '
2. "Flve-taw Bf Mdependent assortment of the genes in various-Crosses

Add to these the phenomenon of linkage (which is actually an exten-
sion of the second law), then most of elementary genetics 1s easily covered.

The very simplicity of the bare bones of heredity may be a factor
operating in their disfavor. Some people may feel that this model of genes
and their heredity cannot explain everything in the development of a
complex mammal such as the cat. This aversion is }mderstandable_ but
mistaken. The cat is indeed a complex organism and it must be admitted
that a detailed study of feline genetics can certainly lead into deeper
waters. But, no matter how complex an organism may be, it can always
be broken down into simple attributes for expository purposes. In gel_let’-
ics, these are conveniently referred to as inherited ‘_charac?er§’ or“tralts i
Some oversimplification is inevitable, but this does give an insight into the
mechanisms behind the heritable characteristics that define the differences
between individual cats. )

As the principles of heredity can be explained to a large extent without
reference to the chromosomes, such approaches have been taken in the
past. Tt should never be forgoiten that the DNA and thf: chromosomes
that they comprise constitute the material basis of heredity. In the early
days of genetics the hereditary determinants present m the (ie]ls were
known as ‘factors’. In modern terms, the factor is now the ‘gene’. In
essence, genetics is concerned with tracing the path of these genes as these

I 'ry| (; 3 WLLLL (V= v st in = vvsnr ] (WAEAL VT VIURA] N AT s et
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are transmitted from parent to offspring. The effects of genes on the
growth, function and appearance of the individual will also be discussed.
Genes control just about every aspect of the life of a cat.

Genes and alleles

The gene may be visualized as a minute section of a chromosome, made
up of deoxyribonucleic acid (DNA) in a double helix structure. Genes are
responsible for producing the protein molecules that make up a cat’s body
and allow it to function. Each chromosome comsists of some thousands
of genes, along with sections of DNA that control the expression of the
genes and some sections that have functions as yet unknown to us. As
complex as the function of DNA is, it is comprised of only four building
blocks:

¢ A - adenine.
¢ T — thymine.
¢ C - cytosine.
® G - guanine.

These building blocks are molecules called nucleic acids. A chromosome
can be visualized as a string of beads, with each bead representing one of
these nucleic acids. If you picture DNA as four colors of beads on a string,
it would take a strand 3000 miles long to represent the entire genome
(genetic makeup) of the cat.

The DNA strands of the chromosomes reproduce an exact copy of
themselves during cell division. The duplication is so good that many
hundreds of thousands of daughter genes are produced before a mistake
occurs and an inexaci capy is then made. Afé cisation of au mexact copy
in kol 35 a matatien: the altered genc is refered 10 25 3 Ml THE

genes original and the mutans, are said to he| 'That is because

one has originated from the other and, therefore, must occupy the same
position in the chromosome. This position is theJggusiof the gene on the
chromosome. The concept of the locus is important in genetics because
each chromosome contains some thousands of loci; each capable of
producing a characteristic mutation or series of mutations. When a
mutation occurs, the gene may no longer produce the protein that it is
responsible for, or it may produce a defective form of that protein. A
single change in ‘color’, or deletion of just one of those beads on the 3000
mile long strand, may represent a mutation. That mutation may produce
anything from a benign change in a cat’s color to a deadly disease.

The occurrence of mutations is so uncommon that, for most practical
purposes, the event can be ignored. Nevertheless, all of the existing colors
and coat types of the cat, as well as all of the inherited diseases, have come
into existence as a result of mutation. An indication of the rarity of
mutations is that the number of mutant varieties is so few in spite of the
millions of cats bred all over the world. Only two dozen or so mutant
genes are definitely known. One reason for this is that a cat with a unique
mutation may not be viable and may die before or shortly after birth. With
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%teristic feature of the cat family. Tabby pattern, therefore, consi
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more benign mutations, a cat displaying a new variety may not be partic-
ularly attractive at first sight. Instead of being carefu%ly nurtured and
developed, it may be destroyed out of ha1_1d as a ‘_freak or pc?rmltted to
expire without support. This sort of behavior certainly results in a loss to
i nd possibly to the Fancy. '
sm”i‘?l?i?lher?ted co)iors of the cat provide excellent illustrations gf the
principles of heredity. It should be remembered that genetics 1s not
concerned merely with color or coat types. To a greater or lesser extent,
the genetic constitution controls the following:

¢ The development of the animal.

» The cat’s behavior. o _
s A cat’s proneness to certain afflictions and disease.

e A cat’s reproductive ability.

However, the simpler aspects of genetics may be explaineq more easily
using coat colors as examples, than by using less sharply defined traits.

Simple inheritance

The original, wild type coloration of the cat is the ubiquitous®

and it has been established that the pattern fonsists 1 iWo componends.
These are:

1. g&Feas in which the T fiers arc Banded or fiked with alternating

" Plack and yellow pigment

lack BiFSypredominate and the yellow band is
reduced to the very base of the hairs, if it exists at all.

.The first component is identical to the drab yellowish-brown agouti coat
that is found in numerous animal species. The second represents the

melanistic overlay (bars, spots, rosettes or reticulation) which is a ch;ut'ac-
sts of two

likely, f& backereund &f
With a supcrimposed sy ol Siionzer BIAck pien Ony
ne first mutants to be found in the cat was probably that of self
black. This occurred so long ago that it is now futile to speculate just whep
the event occurred. It is of greater practical importance to know how this
mutant color is inherited. This knowledge, determined circa 1918, may be
used to demonstrate the transmission of any single gene.[]

'sti_n& systems of pigmentation or, more

M 2 Y

Lt ha b

rélloy . The hair fibers are primarily black, the color fading to a
smky gray at the lower regions of the hair shaft. .

A pure breeding strain of tabby cats will, by def_mltlon, produce only
tabby kittens. Similarly, a pure strain of black cats will produce only blgck
kittens. If, however, animals of the two strains are crossed, all _the offsprmg
will be tabbies. Despite their tabby appearance, these offspring are carri-
efs of the black trait (as indicated by their parentage). That means the
black color will reappear in subsequent geneyation's. Shot_lld these resul-
tant tabbies be bred together, the next generation will consist of tabby and

abhy -Qﬁttemzx

Principles of heredity 27

black offspring in the ratio 3:1. However, if the tabby offspring are mated

back to the black parent, the ratio of tabby to black kittens will be 1:1. A

mating could also be made back to the pure tabby strain, but little would

be gained (as far as appearance goes) as all of the kittens would be tabby.
For purposes of discussion, the following symbols are used:

* The initial generation, before crossing, is symbolized as P (for parental).
® The first cross generation is designated as F, (the first filial generation),
and the subsequent generation as F, (the second filial generation).

Subsequent miatings are known as backcrosses (BC) and it is usual to
indicate to which parent or strain the backcross is made. Of these crosses,
the F, and F, are the most informative from a genetic viewpoint, although
the backcross also has its uses.

In a preceding chapter, it is stated that the chromosomes are presented
in pairs in the somatic or body cells, but only once in the germ cells. As
the chromosomes are composed of genes, it follows that the genes must
be present twice in the individual’s body cells (one copy of each gene in
each chromosome), but only once in the germ cells (the sperm or the egg).
This explains the ratios of tabby and black kittens in the above example.
The ratios are generated by the random fusion of germ cells carrying
different alleles. At this stage, it is convenient to introduce the symbols
for the various genes, as these greatly facilitate the discussion. It is custom-
ary to choose as symbols the upper and lower case letters of the Latin
alphabet.

The symbol adopted for the @EGi(g gene isgA dnd its mutant form
m@@ isfg Normal genes and their mutant alleles share the same
etter. As each individual contains two copies of each gene, the pure
breeding tabby is symbolized by AA and the pure breeding black will be
symbolized by aa. The germ cells contain only one copy of each gene,
either A or a, depending on the strain. The F, tabby offspring must have
the genetic constitution Aa because it is the result of the fusion between
the A germ cell of the tabby parent and the a germ cell of the black
parent.

The F, animals of constitution Aa produce two kinds of germ cells: those
carrying A and those carrying a. The cell divisions that lead up to the
formation of germ cells are essentially impartial and any particular germ-
cell is just as likely to receive allele A as it is to receive allele a. The result
is that the F, animal will form both A and a bearing germ cells in equal
numbers. When two F, individuals are mated together, the germ cells will
unite at random, one egg with one sperm. The chances of fusion of an A
sperm with an A egg (to produce an offspring AA) is as likely as that of
fusion with an a egg (to produce an offspring of genotype Ag). Similarly,
the chances of fusion of an a sperm with an A egg (to produce an Aa
offspring) are as likely as that of fusion with an a egg (to produce an aa
offspring). These four possibilities are illustrated in the simple diagram in
Fig. 3.1.

Figure 3.1 shows that the following offspring are produced: one AA, two
Aa and one aa.

The first genotype (AA) represents a pure breeding tabby, the second
(Aa) is a tabby capable of producing black offspring, and the last (aa) is
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Tabby
Aa
Tabby H
Aa A a
Gametes AA Aa
A Tabby Tabby
Aa aa
a
Tabby Black

Figure 3.1 The possible outcomes from mating two F, heterozygous tabbies; to illustrate
the 3:1 ratio of tabby to black for the F,. Note that among the tabby offspring, one third
will be homozygous AA and two thirds will be heterozygous Aa

a black. The AA and Aa tabbies, although different in genetic constitu-
tion, are of identical appearance. Hence they should be grouped together.
When this is done, a ratio of three tabbies to one black is obtained. This
ratio has been confirmed by experimental breeding and may be verified
by any breeder who is willing to make the necessary effort. The 3:1 ratio
has been described as the fundamental ratio of heredity. .

At this point we must introduce several important concepts. The recov-
ery of black individuals in the F, generation, resulting from the fusion of
an a containing germ cell from one parent and an g containing germ cell
from the other parent, is said to be due to the ‘random assortment’ of the
alleles A and a. To use another term, it is due to the ‘segregation’ of gene
a in the F,. In genetics, the germ cells are called ‘gametes’. The individ-
ual that results from the fusion of two gametes is termed a ‘zygote’. Two
types of zygotes exist. There is the true breeding or ‘homozygote’ of
constitution AA or aa and the impure or ‘heterozygote’ of constitution Aa.
This designation is used in describing any pair of alleles.

The fact that homozygous (AA) and heterozygous (Aa) tabby cats
cannot be distinguished visually indicates that the influence of allele A
predominates over the actions of allele 2. When this occurs, allele A is
said to be ‘dominant’ to allele a and, conversely, allele a is ‘recessive’ to
allele A. The dominant versus recessive nature of an allele is indicated by
the choice of symbols. By convention, when one of two alternate alleles
is dominant to the other, the dominant allele is given the upper case letter.
In this example, the agouti allele is symbolized by A while the recessive
non-agouti allele takes the symbol a. By adhering to this guideline, it is
easy to determine which is the dominant or recessive allele.

The phenomenon of dominance means that although the two tabbies
AA and Aa are of identical appearance, they have a different genetic
constitution. The outward appearance is referred to as the ‘phenotype’

Principles of heredity 29

and the genetic constitution as the ‘genotype’. Even for the simple case
of homozygous versus heterozygous tabby, it is important to make this
distinction. Although the two tabbies have a similar phenotype, their
g::llllotty[.t)i’s mf;r quite different breeding capabilities. The first will pr’oduce
only tabby offspring, while the second is ¢ i
tabby, but blaclg kit%ens as well. FESEIE of not saly precicig
The backcross of the F, to the black parent is an interesting mating, The
!Jlaglg parent can only produce one type of gamete (a) whereas the F,
individual produces two, namely A and a. The offspring, therefore wﬂi
consist of tabbies (Aa) and blacks (aa) in a 1:1 ratio. Figure 3.2 shows how
the expected outcomes from the backeross can be determined. All of the
tabbies that are produced will be carriers of black by virtue of their parent-
age. In this respect, they are identical heterozygotes to the F, individual.

Gametes from tabby Aa

A a
Gamete from
black aa
Aa aa
a
Tabby Black

Figure 3.2 The €xpectation from mating an F, heterozygous tabby t ;to i
the 1:1 ratio of tabby to black ' e 7 (O SBCS i Himgas

The existence of both homozygous and heterozygous tabbies in F,
generation means that it is impossible to determine genotype by mere
inspection of the phenotype. The most that can be inferred is that at least
one A gene must be present, resulting in the cat being a tabby. It is
customary to indicate ambiguities of this nature by inserting a dash sign
(-) in the genotype. Therefore, A- denotes that the individual may be
either AA or Aq. Parentage is a helpful guide in determining the genotype.
Whgn_ one parent exhibits the recessive phenotype, its offspring that
CXh]!Z)lt the dominant form are called ‘obligate carriers’, as they must have
received one copy of the recessive allele from this parent.

The situation is different for a recessive trait. A recessive phenotype
cannot be expressed unless the responsible allele is in homozygous form
The fact has two general implications: '

1. When an individual exhibits a recessive trait, the genot lati
it is easily symbolized. , genolype relating f©
2. When two homozygous individuals are bred together, they will breed
true for that trait.

In the present example, the black individuals produced either by the F,
or the backcross, can only have the genotype aa. Therefore, should they
be mated together, they will only produce black offspring,
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The inheritance of non-agouti is quite straightforward and raises no
special challenges. The trait of interest ‘disappeared’, as it might be put, in
the F, but ‘reappeared’ in the F, and BC in its original form. Neither the
agouti, nor the non-agouti, gene ‘contaminated’ each other as a conse-
quence of being in close juxtaposition in the F;. On the contrary, the
various tabby or black offspring remained clearly tabby or black in appear-
ance, displaying no evidence of any blending of the characteristics. This
aspect may be generalized to include all cases of simple gene inheritance,
not only non-agouti, but all those subsequently described in this book.

Checkerboard diagrams

The previous section described the inheritance of two alleles at the same
locus (the agouti gene). The symbol A, used to represent the dominant
agouti allele, may also be used to denote the agouti locus. The cat has 19
pairs of chromosomes, each one of which is composed of some thousands
of gene loci. Consequently, it is important to know what happens when
animals are bred together which are heterozygous for two or more mutant
genes carried by different chromosomes.

A second gene is that for dilution of color, a2 common mutation in the
cat. The gene causes a modification of the arrangement of pigment
granules in the hair fibers, with the result that the coat appears slate-
gray or bluish. Dilution is inherited as a simple recessive (symbolized d)
to the gene producing dense pigmentation (symbolized D). A true breed-
ingBlack eaf Js a densely colored animal of genotype Jwhile a Sli#
is a diluted variety of genotypefdd.iThe F, of a cross between these is
black, with the genotype Dd. In the F, generation, the blue color will
recur in the ratio of three black to one blue. In other words, the mode
of inheritance is similar to that of agouti versus non-agouti. This may be
verified by substituting the symbols D and d for A and a, respectively,
in Figs 3.1 and 3.2, and calculating the incidence of black versus blue
kittens.

As the a and d alleles do not exist at the same gene locus, it is possible
for a cat to be homozygous for the recessive form of both genes, resulting
in the genotype aadd. When this occurs, the result is the non-agouti blue
(self or solid blue). So what will happen when this blue is crossed with a
tabby having the genotype AADD? As the a and d genes are independent,
both will be present singly in each gamete as ad. Similarly, the gametes
produced by the tabby will be AD. The F, from crossing the above will
have the genotype ad + AD = AaDd. It will be a normal tabby in appear-
ance since the A and D genes are dominant to 4 and d, respectively. In the
F,, the genes will sort independently and recombine at random to produce
ratios of nine tabby, three blue tabby, three black and one blue.

The easiest method of deriving the potential results from a cross involv-
ing two or more mutant genes is with the aid of checkerboard diagrams.
The diagrams of Figs 3.1 and 3.2 are checkerboards of a sort, but these
fail to demonstrate the full power of this technique. Checkerboards are
simple to construct and faithfully represent the random assortment of
genes of interest and the complete range of expected genotypes.
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_There are a few basic rules for the construction of a ch
diagram. All the possible types of gametes are written along t\eav(g(iirg:saﬁ
a square; those from one parent along the top and those from the other
down the left side. Vertical and horizontal lines divide the square into as
many columns and rows as there are different gametes. Within each cell
are now transcribed the gene symbols at the head of the column and those
at the side of the row in which the cell resides. To complete the diagram
it is merely necessary to examine the genotype of each cell and to writé
in the corresponding phenotype. Counting the incidence of the various
phenotypes will give the expected ratios. The checkerboard is a useful tool
and provides a valuable exercise in the manipulation of genes and for
grzipmg th(: eslience of the basic mechanism of heredity.

ou must take care to ensure that the allele content o i
correct. Each gamete can carry only one of each pair of aflltéizS'gzI:g t:zclli
allele of each pair must included when the combinations are made up. For
example, the cross of a homozygous tabby (AADD) with a blue (a'add)
gives the F; of AaDd, an animal doubly heterozygous for a and d. Four
different gametes will be produced by this genotype: AD + Ad + aD + ad
Each gamete contains one allele of each of the two genes. The essential
principle is that all possible combinations of A versus a in respect to D
versus d must be formed. Once the number and composition of the
gametes are determined, the procedure is straightforward, as shown b
Fig. 3.3. The next step is to establish the phenotypes that ’correspond tg

Gametes from tabby AaDd

AD Ad aD ad
P AADD AADd AdDD AaDd
Tabby Tabby Tabby Tabby
Ad AADd AAdd AaDd Aadd
Gametes
from Tabby Blue tabby Tabby Blue tabby
tabby
AaDd AaDD AaDd aaDD aaDd
aD
Tabby Tabby Black Black
ad AaDd Aadd aaDd aadd
Tabby Blue tabby Black Blue

Figure 3.3 A checkerboard diagram for two pai i

qure 3.3 A pairs of assorting mutant alleles. Th

ratio is 9.3.3:1 fpr the four phenotypes. Note the various homozygous and heter: exg:;:ted
genotypes within each phenotype i
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each genotype. This is achieved by considering the dominance relation-
ships between the pairs of alleles. Alleles A and D are dominant to a and
d, respectively, and produce their effects independently. This means that:

The genotypes AADD, AaDD, AADd and AaDd are tabby.
The genotypes AAdd and Aadd are blue tabby.

The genotypes aaDD and aaDd are black.

The single genotype of aadd is blue.

The 9:3:3:1 ratio arises from the fact that some genotypes occur more than
once. If the frequencies of the various genotypes are examined, it will be
seen that these, too, have consistent ratios to one another. For instance,
the number of heterozygotes and homozygotes, with respect to any
dominant gene, will be in the ratio of 2:1 for an F, generation precisely as
noted earlier for the segregation of one gene.

Any individual that displays one or more recessive characters will be
homozygous at that locus. Therefore, all of the non-agoutis must be aa

' and all of the dilutes must be dd. This is true whether the individual is

blue-agouti (A-dd) or a self blue (azdd). The latter phenotype is a combi-
nation of two recessive characters and, therefore, this cat miust be homozy-
gous for both a and d. It is not possible to be equally confident in the
genotype of individuals displaying one or more dominant characters. In
the present case, for example, a blue-agouti kitten that appears in the litter
may have either of the two genotypes AAdd or Aadd. These ambiguities
are represented by dashes in the gemotype. Thus, the genotypes corre-
sponding to the phenotypes observed in the above F, offspring would be
written as follows:

s Nine A-D-.
e Three A-dd.
¢ Three aaD-.
e One aadd.

Amnother example of the checkerboard is one representing the expected
results from backcrossing the F; AaDd to the self blue (aadd). The same
four colors will be produced, but in the ratios of 1:1:1:1 as shown by Fig.
3.4. The perceptive reader will no doubt observe that this result is a direct
extension of the 1:1 ratio seen in the backcross with one gene. The ratio

Gametes from tabby AaDd

AD Ad aD ad
Gametes
from AaDd Aadd aaDd aadd
blue ad
aadd Tabby Blue tabby Black Blue

Figure 3.4 Expectations for backcrossing a double heterozygote to the double recessive to
illustrate the 1:1:1:1 ratio
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Gametes from tabby AaDd

AD Ad aD ad
AADd AAdd AaDd Aadd
Ad
Gametes Tabby Blue tabby Tabby Blue tabby
from
blue
tabby
Aadd AaDd Aadd aaDd aadd
ad
Tabby Biue tabby Black Blue

Figure 3.5 Expectations for a cross in which one gene is assorting at a 3:1 ratio and
another at a 1:1 ratio; to illustrate the 3:1:3:1 ratio

of the four colors of offspring accurately reflects the random combination
of genes that form the gametes produced by the F,. The self blue is
homozygou_s for two recessive genes and therefore can only produce
gametes with the genotype ezd. Any F, gamete carrying one or more
dominant alleles will produce that dominant trait in the resultant
offspring.

_ It is possil_ale to have another type of backcross when two genes are
involved. This occurs when one gene is heterozygous in one parent but
homozygous in the other. Such a cross will be of the type AaDd (tabby)
X Aadd (blue-tabby). The offspring will be expected to occur in the ratio
of three tabby, three blue-tabby, one black and one blue, as shown by Fig.
3.5. In effect, the 3:3:1:1 is a combination of the 3:1 and 1:1 ratios.

A more extensive checkerboard is shown in Fig. 3.6. This depicts the
expectations fqr an F, generation involving the simultaneous assortment
of threq recessive genes. The third gene is /, a mutant allele that produces
long hair and is inherited independently of a and 4. The F, shown here
could be the result of a cross between a tabby of genotype AADDLL and
a blue long hair of genotype aaddll.

‘The F, parents are triply heterozygous (AaDdLl) and the F, offspring
will be represented by the body of the checkerboard. The eight pheno-
types can'be expected to occur in the ratios of 27:9:9:9:3:3:3:1. The inter-
esting aspect is that, while the diagram may appear formidable at first
sight, closer inspection reveals that this is simply a duplication of the steps
described for the previous checkerboards.

The ratios discussed in this and other sections represent only the
.theor.etlcal expectations for the various matings. This does not mean that
in a litter of four kittens, for example, three will be of the dominant type
and one will be of the recessive. Or that after a total of 16 kittens have
been br_ed, exact 9:3:3:1 ratios will be obtained. Unfortunately, random
chance intervenes in the same way that prevents an exact 50:50 ratio of
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Gametes from tabby AaDdL/

ADL ADI Adl Ad aDL abl adL aadl
AADDLL| AADDL! | AADdLL | AADdLI |AaDDLL|AaDDLI |AaDdLL |AaDadLil

ADL Tabby | Tabby | Tabby | Tabby | Tabby Tabby | Tabby [Tabby

AADDLI| AADDH |AADGLI |AADGIt |AaDDU |AaDD |AaDdLi |AaDall
Tabby | Tabby | Tabby | Tabby | Tabby Tabby |Tabby Tabby
LH LH LH LH
AADALL| AADAL! | AAddLL | AAddLi |AaDdLL |AaDdL) |AaddLL | AaddL
AdL | Tabpy | Tabby | Blue | Blue | qaphy | Tabby |Bue | Blue

ADI

tabby tabby tabby tabby
AADAL | AADdI | AAddLI | AAddil |AaDdL! |AaDdil |AaddL! ,ga‘:dd//
ue
Ad | Tabby | Blue | Blue Tabby | Bhe
Taoby | 1Y | by tabby Tabby | " | tabby |10bY

ADDLL| AaDDL/ | AaDdLL | AaDdL! | AaDDLL|aaDDL! |aaDdLL | aaDaLl
aDL | Tapby | Tably | Tapty | Tabby |Black |Black | Black |Biack

Gametes from tabby AaDdL/

AaDDL] | AaDDli |AaDdLi |AaDdll | aaDDLI|aaDDl! |aaDdLl |aaDdil

Tabby Tabby k | Black | piagk Black
Dl | qappy | gy [Ty | | PR T

AaDdLL | AaDdLl |AaddLL |AaddL! | aaDdLL|aaDdLl | aaddLL |aaddL!

adl | Tabby | Tabby t‘:{:';y tz't:‘;; Black | Black | Blue | Blue

Aaddl ! | Aaddll

AaDal! | AaDdll aaDdLl |aaDdll |aaddL! | aaddll

Blue
adl Tabby Blue Blue Black | pje
Tabby 177 | tabby | tabby | Black | L LH
LH

Figure 3.6 A complex checkerboard to illustrate the assortment of three genes. Despite
the size of the diagram, it is constructed in the same manner as simpler checkerboards

head to tails in a small number of tosses of a perfectly balanced coin. The
ratios are more closely approximated if a large number of'y_oung_ are bred.
This is admittedly difficult for the cat. But, in very prolific animals (for
example, mice or hamsters), the theoretical ratios can be attained more
closely. The fact that exact ratios cannot always be obtamefi with s_mall
numbers of offspring does not invalidate the usefulness of this technique.
Most events occur in this world as a matter of relative probat?lhtles and
animal breeding is no exception. The usefulness of the theoretical proba-
bilities resides in their value for planning experimental crosses and, in a
i ense, as a guide to breeding programs. -
ng‘?)r (S:heck the agccuracy of a chgecg(erboard, it is helpful to know the
maximum number of different gametes that can be produced by an
individual heterozygous for a given number of genes. An individual
heterozygous for only one gene will produce two different gametes. For
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an individual heterozygous for two genes, the number will be four; for
three genes, the number is eight; for four genes, the number is 16; for five
genes, the number is 32. The number of different gametes doubles with
each additional gene. The number of progeny that comprise the expected
ratio for an F, generation is the number found above multiplied by itself.
Heterozygosity in both parents at one gene requires calculation of four
offspring, two genes require 16, three genes require 64, four genes requires
256 and five genes requires 1024. This series of figures should be sufficient
to indicate how the sizes of the successive checkerboards would have to
escalate in order to represent all of the expected animals. For more than
a handful of genes, the task rapidly becomes impractical. This aspect
constitutes a challenge in animal breeding. This is because it frequently
means that it is not possible to determine quickly all of the results to be
anticipated from particular crosses.

Dominant and recessive mutations

as Or cal aie m. itad as .... | J0
the vald Type geme. The wild type gene is the gene normally present at ;Ee
locus in the wild animal from which the domesticated cat evolved.
However, exceptions do occur and no account would be complete without
a mention of the possibility of dominant mutant alleles.

The most obvious example of dominant inheritance is provided by a
gene that is responsible for the yellow-eyed white (additionally, often
causing blue or odd eye color, as will be discussed later). Typically, the
coat is fully white or white but for a few small patches of color confined
to the head. The symbol for the allele is W; the wild type gene being repre-
sented by w. The white cat may have either the WW or Ww genotype. If
two of the latter animals are mated together, a ratio of three white to one
colored is obtained, regardless of any other coat color genes that may be
assorting simultaneously (see Fig. 3.9 page 41).

Detection of the homozygous dominant

1 black
animal is heterozygous for blue dilution (carries blue). Test breeding
would consist of mating this cat to a blue. If only black kittens are
produced, the breeder may assume that the animal is a homozygote (DD).
However, if even a single blue kitten is produced (regardless of how many
black siblings), the animal is a heterozygote (Dd).

[ T prastice, tesi by ceding'can be fisteadingy A heterozygous animal may
produce a number of black kittens by chance, even if it is not heterozy-
gous. The situation is analogous to tossing a coin and obtaining only heads.
Statistics tell us that equal numbers of heads and tails can expected to
occur over a large number of tosses. But this does not prevent a string of
either heads or tails from occurring occasionally. The difficulty can be

b
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overcome, however, by stipulating that more than a certain minimum
number of black kittens must be produced before it is concluded that the
animal is homozygous. In this manner, the risk of being wrong can reduced
as much as possible. Should five offspring be bred, with none of the kittens
being blue, the risk of error is 3 per cent (also stated as a 97 per cent
confidence level). This is a reasonable level of certainty, but not as strin-
gent as might be desired if the establishment of homozygosity is an impor-
tant goal. The production of seven black offspring in a row is a better
indicator, as the risk error is reduced to about 1 per cent. This is equiva-
lent to mating 100 known heterozygous black cats, producing seven kittens
from each, and finding that one individual has produced only black
offspring. Column A of Table 10.5 gives the probabilities of being wrong
for various numbers of black kittens per tested individual.

The black/blue example is purely illustrative. The same problem would
arise if it is deemed necessary to test for a wide variety of other outcomes.
For example, to test a tabby for heterozygosity for non-agouti, or a normal
coated animal for either long hair or one of the recessive rex coats. In
each case, it is convenient to test mate the cat with one that is homozy-
gous for the allele that it is suspected of carrying. A test could also be
carried out by mating the animal with a cat known to be heterozygous for
the recessive gene in question. This procedure is not as efficient, as it
requires the production of far more offspring, and is thus not recom-
mended for those cases where the direct test can be performed.

Incomplete dominance

All of the mutant alleles described thus far share a common property. All
of them are inherited as complete recessives or as complete dominants.
This is certainly the usual situation but a small number of mutant genes
exhibit incomplete dominance. In these cases. _the _usual 3:1 ratio is
modified to a [:2:1 because the heterozygous cat has a unique phenotype
instead of being indistinpuishable from.the homozygous dominant.

The most frequently quoted case of incomplete dominance in the cat
involves the piebald form of white spotting, as found in the tortoiseshell
and white (calico) cat or a large proportion of mongrel cats. The piebald
allele is symbolized by S, and the corresponding allele is s for non-spotted.
The heterozygote, Ss, is usually mildly or moderately spotted (of grades
1 to 4 in Fig. 9.1) with white appearing on the stomach and fore parts of
the body. The homozygote is much more extensively marked with white
(grades 4 to 7). When two cats of genotype Ss are mated together, the
offspring will segregate as follows:

e Omne extensively spotted.
e Two moderately spotted.
¢ One non-spotted. ‘

These correspond with the production of offspring having the genotypes
S5, Ss and ss, respectively. Unfortunately, the inheritance of white spotting
is not the best example of incomplete dominance because the two pheno-
types, Ss and SS, are not always readily distinguished. The expression of
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white is very iyegulax and the genotypes Ss and SS can have overlapping
degrees of white spotting. Nevertheless, the principle should be clear. A
somewhat better example is given in the following section on multiple
allelism. There the 1:2:1 breeding behavior of the dark phase Burmese
light phase Burmese (Tonkinese) and the Siamese is discussed (see Fig’
3.8, page 39). '

Multiple allelism

A gene locus may mutate to produce a new allele on more than one
occasion. Each separate event could give rise to the same mutant but this
is not usually the case. Although new mutations occur only rarely, each
one is capable of producing a distinctive phenotype. Therefore, it would
be possible for a succession of different alleles ai one locus to develop
over a period of time. While the number of alleles that may occur for any
given locus is almost unlimited, geneticists are wary of recognizing new
mutants as distinctive alleles until sound evidence is generated.
) Each series of _a!lg}is_ is ’giveli an appropriate name. le, one
important series in mammalian genetics is kiiown as the albino locus.’ The
reason for this name is that the most commonly known allele is the pink-
f:yed albino. It is not unusual for one or more alleles of a series to be
incompletely dominant to each other, especially those at the bottom of
the scale of dominance. Yet another property is that the series often
affects one particular feature in a progressively severe manner.

The number of alleles that has been reasonably established for the
albino series in the cat is four. These may be listed as follows:

¢ Full color C —> vwvhiert . |
e B b " ] AL

« Siamese o Hv ‘ h?&‘t @( (6 h o
¢ Blue-eyed albino ¢*

¢ Albino c

The symbols used to represent members of an allelic series consist of
1the same base letter (to denote that all of the alleles belong to the same
locus) with suitable superscripts for each allele. In this case, the base
symbol is ¢. The names of the alleles are taken from those breeds in which
the al.lele is considered a characteristic feature. The normal (unmutated)
gene is C and the four other alleles represent mutant forms. No matter
how many alle_les may be known for a locus, only two may be carried by
any particular 1ndjvidual. For example, a black heterozygous for Burmese
or for Siamese will have the genotypes Cc® or Cc* respectively. It cannot
be heterozygous for Burmese and Siamese simultaneously, as this would
imply a genotype of Cclc* requiring three chromosomes in the cell instead
of two. However, a light phase Burmese (Tonkinese) may be heterozy-
gous for Siamese, with the genotype ¢°¢’. If this cat is crossed with a tabby
heterozygous for ¢, the following offspring are to be expected: two tabby
one light phase Burmese (Tonkinese) and one Siamese. Full details are
shown in Fig. 3.7. The explanation for the three colors resides in the
random assortment of the alleles ¢® and ¢ versus C and ¢°, and the
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Gametes from Tabby Cc®
c Cs
ce oSt

¢
Gametes Tabby Tonkinese
from
Tonkinese
o ce’ &cf

¢

Tabby Siamese

Figure 3.7 Expectations for a cross involving three alleles assorting independently. Note
that only two alleles can be present in one individual. The result is the breeding of three
colors in the ratio 2:1:1

dominance relationships between the alleles. This example illustrates the
care that has to be exercised in the interpretation of breeding results.

The dominance relationships between the various alleles are summarized
in Table 3.1. The allele C, for full color, is dominant to all of the mutant
alleles but these, in general, are not fully dominant to each other. The allele
showing this most clearly is ¢, where ¢’c® is often noticeably darker than
¢bcs. Thus, the two phases of Burmese (Tonkinese) can differentiated by
most Burmese breeders. It is sometimes stated that there is a small amount
of overlapping of phenotypes, such that a ¢’c’ may be very similar to a dark
¢c or a light c®ct. This may be true but this does not overturn the princi-
ple. It must be admitted that the effects of the ¢* and c alleles have not
been investigated in all combinations. But ¢, ¢* and c are so close that it
is doubtful if a radical phenotypical difference is produced by the substi-
tution of ¢ by ¢® or ¢. If there is a difference, it will be in the direction of
a slightly paler phenotype than the corresponding ¢’ combination. Prelim-
inary observations indicate that ¢'c* is somewhat lighter than c'c’, but that
the difference between them is subtle. It did not seem worthwhile to stress
this point in the table by separating c'c* from c’c’.

Another cross between members of the series is worthy of attention.
This is between two Burmese of the light phase (Tonkinese). The
genotype of this color is aac’c’. When bred together, these will produce

Table 3.1 Phenotypes'produced by combinations of the albinistic series of alleles

Appearance
Genotype With agouti With non-agouti
CcC, Cc?, Ce, Ccr, Ce Tabby Black
cbct Sepia tabby (dark) Burmese (dark)
cbet, cber, cbe Sepia tabby (light) Burmese (light/Tonkinese)
o, ¢’cd, e Tabby Siamese Siamese
e, ¢°c? Blue-eyed albino Blue-eyed albino

cc Pink-eyed albino Pink-eyed albino

Gametes from light Burmese ¢°¢®

¢ ¢
Ly cfcs
e
Dark Light
. Burmese Burmese
Gametes from
light Burmese
e e Fe
S .
¢ Light Siamese
Burmese

Fig_ure 38 ’I.‘he expectations from mating two light phase Burmese; to illustrate the 1:2:1
ratio of an incompletely dominant gene

dark phase Burmese, light phase Burmese (Tonkinese) and Siamese in the
ratio of 1:2:1. Fuller details are illustrated in the checkerboard of Fig. 3.8.

A second series of alleles is a more recent discovery. These are the
jcgleltlerrmnants of the black and brown pigments and are represented as
ollows:

¢ Black B.
¢ Brown b.
e Cinnamon b\

The allele present in the ordinary tabby or non-agouti cat is B for black
pigmentation. This gene has mutated to brown (b) and light brown (')
alleles. The b allele is responsible for the ordinary brown or chocolate
cplor as found in the Havana Brown or chocolate Siamese. The color is a
rich deep chocolate. The second allele produces a lighter cinnamon brown.
The order of dominance is that B is dominant to both b and ¥, and that
b is dominant to b, ’

It had been theorized i ' e .
e ; l ':‘e;I.]l eorized in the past that thef@memst as %
o 7 (ticked). 56 s 3Cd § L atl
» T (mackerel). i :

* 1% (blotched or glassic)f

However, recent breeding studies (Lorimer, 1997) have revealed that at

least W@onsible for tabby pattern in the cat:

e The first determining if the cat is fIEREATEBBY 07 not (1% sexsus )
e The second determining §EoRETE] Versis blotehed Classic Tabhy Daliam |

=t

A third determining gpoted Fatiein versus GoNSpoted (provisionally |
8, versus s )
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Masking of genes

An important phenomenon of gene behavior is epistasis, also known as
masking. The term dominance has a special meaning in genetics. Its use
is restricted to those cases where one of two alleles at the same locus
predominates over the other in the heterozygote. However, £ eliecls 6F
SOTiiE Genies are so overniding it they ffe ableto concedl the presence

of genes af other loci, This ‘masking’ effect.is not the yame as dominance.;
The distinction should be carefully noted as it is easy to confuse the two.

An example of the effects of one gene masking those of another is that
of non-agouti over the various tabby alleles. The masking is virtually
complete, so that while a black cat must carry tabby alleles in its genotype,
one would scarcely think so to judge from its uniformly black coat.
However, a ‘ghost’ pattern of tabby striping can often be seen in the coat
of the young kitten and sometimes in the young adult under certain light-
ing conditions. Sometimes, the type of tabby can even be distinguished.
This implies that the masking effect need not necessarily be complete at
all stages of growth or at all times to be considered an example of epista-
sis. It also confirms that the black cat does indeed carry a tabby pattern,
although its presence may not be obvious.

Another classic example of masking is the effect of the dominant white
allele, W. Because this gene is responsible for lack of pigment-producing
cells in the skin, none of the coat colors present in the genotype are
expressed. If a blue (aaddww) is paired with a white of genotype
AADDWw, (masking tabby) the F, will be expected to consist of half
tabby (AaDdww) and half white (AaDdWw). It is not obvious where the
tabbies came from, as the blue does not carry the agouti allele nor the
allele for dense coloration. The answer, of course, is that both genes were
introduced by the white parent. The white coat color might give the
impression that the animal lacks the ability to carry any color genes at all,
but this belief is erroneous. The animal is white because it carries a gene
that prevents the expression of pigment of any color in the coat, even
though the genes themselves are present.

This phenomenon can be further illustrated by calculating the possibil-
ities from crossing aaDdww X AaDdWw. The expectations are: nine
tabby, three blue-tabby, three black, one blue and 16 whites. As an
exercise, the <«reader could work out the checkerboard of possible
‘genotypes for himself or herself, particularly to verify that for every one
of the 16 colored individuals there is a corresponding white individual of
the same genotype masked by the epistatic W allele. This should empha-
size that white cats may have almost any underlying genotype.

Should two heterozygous white cats, which are also heterozygous for
another gene, be mated together, the 12:3:1 ratio of Fig. 3.9 will be
obtained. In this example, the two cats are heterozygous for non-agouti.
Because of the epistatic nature of W, the assortment of the A and a genes
can only be seen in the 25 per cent of offspring with colored coats. The
other 75 per cent will be white animals except possibly for an occasional
spot or two of colored fur on the head. Zs a-nmties of practesl {fitetest

itis-often possibien e e wdey)ying genotype from these-5
“Those with tabhy s.of genotype A4 or Ag-and-those-with
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Gametes from white AaWw

AW aw Aw aw
AAWW Aaww AAWw AaWw
AW
White White White White
§ Aaww aaWw AalWw ‘aaWw
< aw
o White White White White
E
£
e
% AAWW AalWw Adww Aaww
§ Aw
White White Tabby Tabby
AalWww aalWw Aaww aaww
aw
White White Tabby Black

Fign{e 3.9 The 12:3:1 ratio which comes into being from the masking effect of the
dominant W gene

#po18 Wwill B8 @, This minor point is mentioned because it is wise to be
continuously on the look-out for clues that can establish the genotype.

The masking of the effects of one pair of alleles by another produces a
characteristic ratio in the F,. This ratio may be seen in the interaction of
non-agouti and the tabby alleles. Suppose that a blotched tabby (AAmemc)
is mated toa black of genotype aaMcMc. The F, will be tabby (because of
the dominance of A to @) and will express the mackerel tabby pattern
(because of the dominance of Mc to mc). The genotype is AaMcmc and
four types of gametes will be produced: AMc + Amc + aMc + ame. Tt is
necessary to construct a checkerboard of 16 squares to show all possibili-
ties in the F, as shown in Fig. 3.3. The expected offspring are nine mackerel
tabby, three blotched tabby and four black. This ratio is due to the neces-
sity for the dominant agouti allele to be present for the pattern of tabby
striping to be discerned. Unless extensive ghost striping makes it is possi-
ble to determine the nature of the tabby pattern carried by the black
kittens, these will have to be lumped together into a single group.

Unless one is aware of the existence of epistatic genes, certain results
may seem mystifying, For example, in the cross of a blotched/classic tabby
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Gametes from mackerel tabby  AaMcme

AMc Amec aMc ame
AAMcMe AAMceme AaMcMce AaMcme
AMe Mackerel Mackerel Mackerel Mackerel
tabby fabby tabby tabby
[£)
§ AAMcme AAmeme AaMcme Aamcme
[}
;- Amc Mackerel Blotched Mackerel Bloiched
§ tabby tabby {abby tabby
®
3
= AaMoMc AaMcme aaMcMc aaMcme
o
E aMc Mackerel Mackerel Black Black
E tabby 1abby
(6]
AaMeme Aamemce aaMcme aameme
anic Mackerel Blotched Black Black
tabby tabby

Figure 3.10 The 9:3:4 ratio that results from the simultaneous assortment of two mutant
genes, one of which masks the expression of the other

the senotype AAmcmc to a black cat of the genotype aaMcMc, the
%ilta(;fe magkerelystriped tabbies, AaMcmc. This could catch a breeder by
surprise; since the only apparent tabby animal is blotched and this pattern
is recessive to mackerel. The confusion is cleared up once it is understood
that the black color could be masking the mackerel allele. Adding to the
confusion is a common erroncous belief that tabby is dominant to black.
This is not strictly true and this belief could be misleading. Although th.e
A allele of the tabby is dominant to the aa alleles of the self black, this
agouti gene acts independently from the pattern genes. fer 1
The study of epistasis, or masking, reinforces a point made earlier in
respect to dominance, namely, the importance of !nakmg a d1st11;ct10n
between the genotype and phenotype. The animal’s appearance is not
always an indication of its breeding potential. The genetic caliber of the
individual lies not so much on appearance but on the quality of the
offspring. For this reason, it is advisable to supplement a judgement based
on a cat’s appearance with consideration of its parentage.

Mimic genes

Two or more ﬁaependg;n:t mufant §ehes may have identieal or Closely
" gesembling phenotypes. This sort of parallel behavior is not due to
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Gametes from normal RrRere

RRe Rre rRe rre
RRReRe RRRere RrReRe RrRere
RRe
Normal Normal Normal Normal
2
K] RRRARere RRrere RrRere Rrrere
& Rre
Té: Normal Devon rex | Normal Devon rex
5]
c
£
£ RrReRe RrRere rrRere rrRere
0w
% rRe
(% Normal Normal Cornish rex | Cornish rex
RrRere Rrrere rrRere rirere
ire Devon-
Normal Devon rex | Cornishrex | cornish
rex

Figure 3.11 The expectation for the F, generation from animals heterozygous for the two
rex genes; to illustrate the 9:7 ratio of normal:rex

coincidence, but is an indication that @iy fraits are g0 I by pumel-

 genes. Any one of these may mutate into an allele that brings about
a similar change in phenotype. Such alleles are rather loosely referred
to as ‘mimics’.

An example of this in the cat is the occurrence of multiple rex
mutations. The most well-known are the Cornish and Devon rexes, each
of which are inherited as recessives. Recessive genes that produce the
same phenotype may be tested by crossing the two forms. If they are
genetically identical, the offspring will resemble the parents, but if they
are independent, the offspring will be normal. Experience showed that
crosses between the two rexes produced normal coated kittens; therefore,
the two genes are genetically distinct. The symbols for the Cornish and
Devon Rex mutant alleles are r and re, respectively.

The cross between the two rex mutants deserves to be discussed in
more detail. The genotypes for this cross are rrReRe (Cornish rex) X
RRrere (Devon rex) to give an F; with the genotype RrRere. Each parent
has contributed a wild type gene (i.e. R or Re) and this explains the
abrupt disappearance of the rex coat. Should the F, offspring be inter-
bred to produce an F,, the ratio of normal coated to rex coated.cats will
be 9:7. This curious ratio occurs because the two rexes are of similar
appearance making it difficult at times to distinguish one form from the
other. The double rex combination (rrrere) will be a rex and probably
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will be identical to one of the other rexes. The reader may like to work
through the appropriate checkerboard (Fig. 3.11) to assure himself that
the expected ratio is indeed that of 97 of normal and rex kittens.

Mimic genes are of interest to geneticists because meticulous examina-
tion often reveals subtle differences that are valuable in understanding
how characters develop. In practical breeding, however, they can be a
nuisance. For instance, unless careful breeding records are kept, it is possi-
ble for the mutant forms to become confused. It could be a serious mistake
to cross two similar forms with the expectation of recovering each type at
a later date. If the descendants of such crosses are recklessly distributed,
the occasion may arise when two animals are mistakenly identified as
having the same recessive form. When they are bred together, however,
they produce offspring of the dominant phenotype. This is likely to cause
dismay and even to cast doubt on the validity of the rule that recessive
traits always breed true.

The rule is not violated, of course; it only seemed to be so because of
the similar phenotype produced by each gene. As the genes actually
belong to different loci, the reversion to the normal phenotype is to be
expected. Other cases of mimicking genes may be discovered in the
future — an obvious candidate is blue dilution. In the mouse, several
distinct diluting genes have been identified which, when interbred,
produce wild type offspring. Some of these mimic blue dilution closely
and could be easily confused. Suppose such a situation existed in the cat.
The occasion would eventually arise when two apparently blue individu-
als are mated, only to produce black kittens. This could mean that one
parent was homozygous blue dilution, but the other was carrying a differ-
ent diluting gene. It must be emphasized very strongly, however, that few
people may be willing to accept the existence of two independent dilut-
ing genes unless it can be convincingly shown that a mismating (or double
mating) has not occurred. This is not always as easy to rule out as one

might think.

The multiple recessive

Is there a limit to the number of mutant genes that can be combined
together? Simply answered, not as a rule. There are perhaps two qualifi-
cations to be made with regard to this statement. Both involve practical
considerations of what is possible and what is not. Some mutant genes
confer a slight reduction in the viability of the individual that, while not
being particularly noticeable in isolation, may reveal itself more obviously
when combined with another mutation. Sooner or later, these health
consequences of this reinforcement effect could bring the practice of
combining the two traits to a halt. However, no effects of this kind have
yet been observed for the cat.

The second qualification has to do with the problem of lack of differ-
entiation between certain genotypes because of epistasis. This is especially
true for color mutations. With some combinations, each additional gene
will result in a reduction in color until a nearly or completely white animal
is produced. The cat with the greatest number of recessive genes is the
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lilac Siamese of genotype aabbcscsdd. If the gene for long hair is added

the lilac Colorpoint will result, of genotype aabbc'c’ddll. A Cornish

rex version could be produced, of genotype aabbc'c'ddrr. From

crosses between these, the lilac Siamese long haired Cornish rex of

aabbc’cddllrr could be derived. Phenotypically, this animal would have

hlﬂae;;: Siamese coloration, with the fine hair and curved whiskers of the long
rex.

Expressivity and impenetrance

One of the delights or nuisances of animal breeding, depending upon one’s
point of view, is that no two individuals are exactly alike. This variation
is seen in both wild type and mutant traits, but appears to be more
common in the latter. The existence of this variability has led to the
concept pf ‘expressivity’ as a means of describing the range of expression
of certain traits. Some mutant phenotypes are relatively stable while
others vary considerably. A character that shows wide variability is that

of piebald white sp illustrated by Fig. 9.1. _
K] .s ‘m ﬂ!ﬂ 2 b a‘:ﬁa

5. Expression of the
ly for the het -
gote _Ss. This variation can be assessed by plottiﬁg the numt?;g Z(}),f
individual successive grades of spotting as a curve on a graph. This
could be termed the ‘expressivity profile’. A curve for one strain of cats
could be f:hfferent from another and, thus, indicate that the expression
;)tfr the trait may vary not only between individual cats but also between

ains.
) If a character is extremely variable, then it is conceivable that some
1nd1v.1duals gould fail to express the character at all and appear as normal
despxtq having the mutant genotype. This curious phenomenon can even
pot.entlally occur for a character that is not known to be exceptionally
variable. The terms ‘incomplete penetrance’ or ‘partial manifestation’ are
used to represent this situation: the character has failed to be manifested
even though the genotype indicates that it should.fEdEinately impasic-
ffraee 5 pof a common characterstic of i @lor genes Kiown Tt
giesents All of these manifest regularly and to expectation. An example
of impenetrance, however, is the probable existence of a minor spoiling
gene that produces a small white spot or clump of hairs on the breast or
lower belly. The size of the spot is variable and it is possible that some
animals, ‘whlch ought to exhibit the spot, do not. These are solid in color.
Such a_mmals are called ‘normal overlaps’ because, though of normal
;::111?;31011, they have a mutant genotype and thus will indeed breed as a

(Though coat colof genes, as a rule, exhibit fegular penetrance. this’is

ot trie for other genetic anomaties: Itis not unusual for these to display
; oL BRI SHONRA TS, Ak MOl ¥
impenetrance. The inheritance of tail kinks or nodulation could bep1a3

example and even such breed defining {raifs#s wirchair or folded ears
exhibil this phenomenon, A possible reason for this is that the body of an
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animal has the surprising ability to repair itself. This is partlcgle}rly tlajlz
when a defect makes an appearance early in development, wfh oremmt
tissues are so well formed that timely and self-regulating gra? c:netic
swing into action to rectify the defect. In many individu 3 a'ldgal e
disruption persists and eventually_prodl_.lces a defective indivi li]th.the
another individual, however, the disruption .ma.y.be oyerconije v;d T
result that an outwardly normal appearing m(.h_v1du_al is pro 1{{(}:1 he
variability in the severity of many abp_onqahhes is due to et'al ne
process; only in these cases, the self—rect'lflca.tlon has only been par1 i 1. o
both cases, the gene causing the disruption is present and, parltécu art ybe
the case of the apparently normal individual, this should no

overlooked.

Genetic fingerprinting

An event of some interest to breeders is the discovery that mmu;edbﬁ:
variable sections of the chromosomes can.be'portray.ed asa s:lt'lhe;s % isc?)v-
bars on a photographic film. The most significant finding tc;l fs e
ery is that the bars are unique to each individual, and have 1elre ore cen
called ‘genetic fingerprints’. The pattern of bars rcsembles the t%omphave
‘zebra’ codes found on many ret'aﬂbltemsdan’d for this reason they
to be known as ‘genetic bar codes’. o )
als’?h?ﬁll?iividual bars are inherited from parent to offgpn.ugdm la co&nilhi;
tent manner. The uniqueness of the bar cgdes for each 1nd1v11i u? an fhe
heritability of the patterns have 1mn_1ed1ate_ Pracucal appf ca 10;1;;i For
instance, they may be used to determine decisively cases O pl:ic_e e
disputed paternity. In the past, they could have been used to in 1ca‘]e::‘l at
a certain stud could not have sired a specific kitten. Now, it is po§51t ble o
state that only a certain stud could bq the sire. Genetic fingerprin tu:‘lrg1 5
available as a service from a commercial lat_)ora_tory by arrangexllllen i
a vet. The usual procedure is for the veterinarian to take sma sim[{[he
of blood from the dam and each potential sire for submission to
labé)):g;(r)?écent advances in molecular biology, the study of genes att ?1;2
molecular level, include the development of the feline genome map a e
National Cancer Institute of the United States. Mapping 15 t%? proces o
determining where each gene is. located on the various <(:1 'omos?nr.nue.
Each species of animal has a unique set of genes, arrange ;(n a um?mh
manner. Cats are quite similar to humans in 'fheu' genetic makeup, e
closer than either mice or dogs. The f:ompanign of the genetic makeup
ifferent species is called comparative genetics. _

o I(‘ilis imporfant to prepare a map of the feline genome 155? tllllat it :anrilol;z
compared to the known genetic makeup of other species. As there 1 more
known about the genome of mice and I}um:‘ms, rf:searchers (.‘;alfl use'mjlar
is 'known about those species to provide ca_mdldate g_enes1 otli1 si ilar
diseases in cats. Genes in the cat are often in apprommifafte y ! e S i
order as genes in the human, with a bit of rearranging, d erc}n slpic . t1gé
etc. For instance, the gene that causes the dominant form of polycy:
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kidney disease has been mapped in both mice and humans. This can give
researchers clues about where to possibly look for such a gene in the feline
genome.

Right now the map of the feline genome is considered ‘low resolution’,
but the goal is to map 300 different genes as well as 300 other segments
of DNA known as ‘microsatellites’. Microsatellites do not code for a
particular protein, as genes do. Genes are known as the ‘type I marker’
for a particular disease. Finding the specific gene for a disease requires a
great deal of time as well as a large financial investment. It is easier to
find a microsatellite associated with a gene of interest, a type II marker.
A good type II marker will have a 90 to 95 per cent probability of being
associated with a particular disease causing gene.

Microsatellites consist of tandem two to six pairs of nucleic acids in a
repeat motif, Genes do not vary widely in their composition, as they have
an important function: to create a specific protein correctly. Any
mutation may result in that protein not being constructed correctly,
resulting in an animal that may not be able to survive. Microsatellites, on
the other hand, are highly polymorphic (having many forms), a result of
their high mutation rate. They have no known function, so when
mutations occur, they do not have any adverse effect on the individual.
This results in mutations being passed on to the future generations, creat-
ing a great degree of variety at these loci among a population. There are
approximately 100000 microsatellites, randomly distributed, in each
genome.

At this time, the feline genome project has isolated 30 cat specific
microsatellites. These are enough to perform some genetic procedures
already: DNA fingerprinting, paternity testing, determining the level of
inbreeding in a group of cats and conducting various population studies.
The analysis of the DNA from a particular cat can indicate what ‘breed
group’ a cat might be a member of (Persian versus Oriental, for example).
Examination of DNA through the analysis of microsatellites can also be
a tool for historians to track the migration of humans throughout the
world. People have always loved cats and have taken them with them
wherever they go. The result is that a cat from one part of the world shares
similar DNA with a cat that has been taken to another part of the globe.
Examination of mummified Egyptian cats could also give us insight into
the origins of the domestic cat.

Future research will result in tests for gene mutations that will have
almost 100 per cent accuracy. This will be most valuable in attempts to
eliminate deleterious, disease causing mutations. It will also help to ascer-
tain the genotype for more positive traits of interest in an individual, thus
assisting the breeder in making better decisions regarding their breeding
program. Advances in molecular biology have resulted in a gradual shift
in the focus of study. It has moved the study of genetics from the exami-
nation of population statistics to an examination of the trait producing
genes themselves. These advances will eventually permit breeders,
researchers and veterinarians to resolve ongoing debates dealing with
hereditability in areas ranging from anomalies to susceptibility to certain
cancers and from the reasons for particular birth defects to the likelihood
of reaction to certain vaccines.
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Technical appendix

A note on Mendel’s distribution and statistics

iscussing the likely outcome of breéding situations, geneticists use a
Lr;r?;isuof tagbles, suclz as the checkerboard tables used .throughout this
work, to illustrate expected outcomes. The key term here is expected.

In statistical terms, every combination of a sperm and an egg is a random
event. That means that the expected outcomes dqmonstratqd by the
checkerboard tables apply to each such cgmblnatlon. But it can be
expected, in the long run, that the distribution of resul'_ts would be as
predicted. However, these tables cannot apply to every k|tt<:zn or even to
every litter, as the odds are applicable to each kitten in the I|tter._

Let us give a very simple example. If we have four coins, each with heads
and tails, and flip all four at once, statistics tells us that the expected
outcome, over time, would be that 50 per cent of them would be heads and
50 per cent tails. However, each set of tosses is independent r._Jf all other
tosses. Thus, we could get four heads, three heads and one tail, etc. But,
if we do this, say 1000 times and record the result_s, _the average would'be
expected to be two heads and two tails. When this is applled to breeding
cats, while an expected distribution of a litter of four rplght be 1:2:1_for a
particular combination of characteristics, in any given litter, all four kittens
may instead have the same characteristic. The ratios apply over time, and
not to each kitten or even to each breeding.

- . i
white

Chapter 4

Impacts of heredity

Manifold effects of genes
Linkage

Sex-linked heredity
Sex-limited exprassion
Continuous variation
Threshold characters
Abnormalities

Manifold effects of genes

Some genes seem to modify only one discreet trait while others appear to
influence the expression of several characters simultaneously. In the latter
case, it is said that the gene has fizior A action, The concept of
pleiotropism is intimately bound up with the depth of analysis of gene
action. Superficially, many genes will exhibit pleiotropic effects to a lesser
or greater degree. For example, if eye color and coat color are treated as
separate _characters, then the /SERFessE Ifene  couldNEENEEgarded
DICIOLrO] i

‘becayse of its efféel on hal oloy Yet, if
the pigmentation of the animal is considered as a whole, there is no
pleiotropism. This is because the blue eye and whitish sepia coat are both
due to the same cause, the severe impairment of pigment formation
brought about by the ¢ allele.

A more accurate example of pleiotropism is demonstrated by the
@ctiinant White'geii¢. The most obvious effect of this gene is to produce
coat color. It does so in 100 per cent of cases, i.e. all cats with b%e
gene have white fur. FIGREVer the gene also roapable of producing bifie
€78 and deafpessy but does not do so 1 every cat. Thus, it may be said
that the gene is ‘pleiotropic’ in that it affects three diverse characters: Coat
color, eye color and soundness of hearing. Heygene 5 compleialy
penerTat Tor coat oot bt ‘TabedEIFant Kor exe cblar aa deataass, *
Itis probable that at the biochemical level no gene is truly pleiotropic.
A gene may appear pleiotropic because analysis of the effects have not
been taken far enough to reveal the fundamental action of the gene. In
the example of the dominant white gene, all three effects could stem from
a common cause, as yet unknown.

Linkage

The cat has 19 pairs of chromosomes and each one contains some
thousands of genes. While the number of known mutations are small,
the chances are that these will be borne in different chromosomes. The
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inference for practical breeding is that the various mutants will be inher-
ited independently of each other. .
lteI‘-jlolwevIeJ:r, this si)tluation changes if two mutations happen to occur in the
same chromosome. The model of independent assortmeqtvwrlll no lqngsf
hold completely. So, in crosses, the GF0 geres feﬁﬂ ’@ stay ﬁgE‘THE? Rl
(IR e Transiniifed fom OfE pefieration to ‘tie next. fhis ‘staying’
(O Hakags and tho tW0 genes ase said ta be ‘Tiked” The
probability of linkage is an attribute gat is based on the physical distance
enes on a particular chromosome. )
belt\ﬁ)fél (t)‘;V ?chge known nlljutations of the cat are bel‘ieved to be linked.
Regrettably, this is not due to expcrimentz?l_ tests for linkage but rather to
a complete absence of such tests. It is trg@ltlonal to assume that genes are
inherited independently until it is definitively proven that two genes are
linked. As more mutations are discovered and progress IS made in the
mapping of the feline genome, the chances of finding linkages increase
and more cases will undoubtedly become evident. For this reason, it is
wise to be aware of the possibility of linkage and to be on the look-out
for possible instances.... —
B types of ke bave been desoribed”
o In the first type, (XDIEE0es dre/Cealel [ the Same Ehifcmasome, and
therefore will frequently be inherited toge'ther. )
« In the second type, the two genes are in different members of the pair
of chromosomes. When the genes are present in the same parent, they
will be transmitted separately far more often than they will be inher-

Z ited together. In this case, the genes are not recombining as freely as

they would if they are inherited independently. The two genes are then
said to be in ‘repulsion’.

In the first form of linkage, the two genes are behaving as if they are
coupled; in the second form, they behave as if they are repelling one anothfar.

The special cell divisions that lead to the formation of gametes require
that the pairs of homologous chromosomes come 1n close proximity an_d
form intimate contact at certain points along their length. During this
process, internal stresses are induced which are relieved by spontaneous
breakage and rejoining of the DNA strands. In a propomon_of cases, tllllle
rejoining is between constituents of partner chromosomes, with the result
that the two homologous chromosomes have exchanged segments of DNA
with each other. The exchange of material between homologous chromo-
somes means that blocks of genes have been conveyed from one chromq-.
some to the other or, to use the appropriat_c term, they have issedioves
This exchange process is known as ‘crossing over’. The frequency of the
separation of genes on the same chromosome arm will depepd upon the
relative distance between the two genes. The greater the distances, the
greater the chance that the genes will be sepgrz.ited when one crosses over
to the homologous chromosome. Therefore, it is possible for two genes to
be ‘loosely’ or ‘closely’ linked. When two genes are closely linked, the
absence of random assortment may become noticeable. '

The whole topic of linkage is important in the study of genetics and
most genetics textbooks discuss the subject in depth. However, in applied
genetics (such as cat breeding), the phenomenon of linkage may introduce

L4
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a frustrating challenge. For example, consider the case where a breeder is
working to create a new color variety of an existing, well-established breed
by attempting to isolate a color mutation from the rest of the contribut-
ing breed’s phenotype. In this case, the intrusion of linkage can be annoy-
ing. The breeder may find that this proves to be more difficult than
anticipated because unwanted traits of the contributing breed are being
carried along with the desired color mutation.

Sex-linked heredity

The cat is one of the few mammals that exhibit the presence of a sex-
linked trait that dates from the dawn of genetics. The unusual tortoise-
shell pattern of some female cats and the great scarcity of similarly colored
tortoiseshell males has been cited in most books on animal genetics.

It was stated in Chapter 2 that the sex of the individual is determined
by a pair of special chromosomes: the X and the Y. These chromosomes
carry gene loci that can mutate, in the same manner as those borne by the
ordinary chromosomes. There is a vital difference, however. A mutant
allele carried by a sex chromosome will be associated with gender and will
display the inheritance pattern of ‘sex-linkage’. This describes the mutant
that produces ‘ginger’ or red pigmentation and which is indirectly respon-
sible for the mosaic pattern of the tortoiseshell,

The gene responsible for the ginger cat is known as orange and is
symbolized by O. The color is produced by an alteration in the animal’s
pigment physiology so that only yellow pigment is produced instead of a
mixture of yellow and black in the tabby and black for the non-agouti.
The word yellow is used in a general sense to include all cream, yellow
and red pigmentation. Yellow is the technical term for the pigment
granule that produces all of these colors. In this mutation, the black tabby
striping is replaced by red striping of the same pattern, while the inter-
vening agouti areas become yellow or rich beige.

The sex linkage of O becomes apparent when the segregation of the
gene is determined for the various matings. The male has only one X
chromosome; consequently, he can only be either O (yellow) or o (non-
yellow). On the other hand, the female has two X chromosomes; conse-
quently, she may be ome of three genotypes: OO (yellow), Oo
(tortoiseshell) or oo (non-yellow). The tortoiseshell cat, therefore, is a
heterozygote at this locus. It is unique in that its coat reflects the influ-
ence of both the O and o genes in different parts of the animal at the
same time. The yellow areas correspond to O and the non-yellow areas
to o.

To predict the results of matings with sex-linked genes, it is necessary
to know the gender of the particular cat that is contributing the O allele.
For convenience, all of the possible matings with the orange mutation are
illustrated in Table 4.1. The possible genotypes for the offspring can be
determined ‘ with the aid of checkerboard diagrams, as shown by the
examples of Figs 4.1 and 4.2. The reader may find it a valuable exercise
to sketch checkerboards for all of the crosses mentioned in Table 4.1.
Remember, with sex-linked genes the male -can only transmit one allele
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Table 4.1 Expectations for the possible matings of yellow and

Dam

Yellow
Black
Tortoiseshell
Tortoiseshell

Yellow
Black

Expected offspring

tortoiseshell cats

Sire Males Females
Yellow Yellow

}’Zﬁg:vv Black Tortoiseshell
Yellow Yellow

Yellow Black Tortoiseshell

Black Yellow Tortoiseshell
Black Black.

Black Yelow Tortoiseshell

Black Black Black

Note: In the above table, black is used as 2 euphemism for all non-yellow colors (e.g. black, tabby, blue, etc.)

Gametes from tortoiseshell

Figure 4.1 The assortment of the sex-
in half of the sire’s gametes, the ones respons;

Gametes from
yellow male
oy

particular kitten

female Oo

(o] o
o/0] Qo
Yellow Tortoiseshell
female female
oy oY
Yellow Black
male male

linked O gene. Note that O can only be tr_ansmitted
ible for producing female gender in a

(O or o) in 50 per cent of gametes; the other 50 per cent carry a Y chromo-
some that does not possess a O locus.

In these examples, the word blac
yellow colors. Keep in mind that
chinchilla, chocolate and ot
is that they are ‘non-yellow
will be inherited independently of O; th
to be taken into
series of crosses. The procedures to
tance, as shown by the checkerboar
with those for sex-linkage.

The non-agouti mutation has no e
pigment. This means that the red or cream ca

her col

‘black’ can mean tabby,
ors; the common denominator of these
*. The mutant alleles producing these colors
e assortment of these may have
account to determine the full potential for any cross or
follow are those for ordinary .mhe_:n-
ds described earlier, in combination

k has been used to denote all non-
blue, seal point,

ffect on the production of yellow
t of genotype azO (male) or

Gametes from tortoiseshell
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female Oo
@] o
Oo 00
Tortoiseshell Black
female temale
Gametes from
black male
oY oy oY
Yellow Black
male male
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Figure 4.2 A second example of assortment of the sex-linked O gene. Note that the wild
type allele o can only be transmitted in half of the sire’s gametes, with the other kittens
receiving the male gender determining chromosome Y

aaOO0 (female) is identical in appearance to that of A-O or A-OO. There-
fore, it may be stated that the O allele masks the expression of the
genotype at the A/a locus. This fact can be verified by crossing a yellow
male of genotype AAO to a black female of genotype aaoo. The offspring
will consist of tabby males and tabby tortoiseshell females. As the black
female cannot carry agouti, the offspring must have gained the gene from
the yellow parent.

The patchwork coloring of the tortoiseshell provides direct visual
evidence that the yellow gene can mask the expression of non-agouti. It
is possible to breed both tabby and black tortoiseshells of genotypes A-
Oo and aaOo, respectively, where the yellow areas in the two cats have
the same exact appearance, despite the contrast between the black/tabby

areas. One could not ask for a better demonstration of the epistatic nature
of O.

Sex-limited expression

There is another form of sex associated heredity that, unfortunately, is
sometimes mistaken for sex-linkage. This is where the expression of a gene
is confined to one sex although the gene itself is carried by one of the
ordinary chromosomes. No clear-cut instance of sex-limited expression of
a gene affecting coat color has been reported for the cat, although
examples are afforded by other characteristics.

B orchidisny is the failure of one or both testes to descend into the
scrotum. It appears J§ibe die i One or mare It is believed to be
a heritable deféct that is sex-limited to the male, although abnormalities

Q/(,"\//7/7?’W1(_§ UUS
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of the reproductive tract may be produced in the female as well. This
defect has been attributed to recessive genes in pther species (E_g__ goat,

though 4 doifiant ZEne Wit iicOMmpIEts pe: has
sathesized in eattle. The precise nature off the nmnlllit:n(;aig;e qf thé:
ality in the cat is unknown. The essence of sex- e eritan
?sbltlli’;nflact );hat while the trait will be inheriteq through both sexes, the
characteristic will be manifested only in one. This means that the genotype
of the non-manifesting sex cannot be assessed du'ectly. However, some
idea of the probability that any individual can be carryng the defect can
be obtained from the existence of manifesting sﬂ_)hngs. ' 4
The quality of maternal care a queen may lavish upon her kittens an.
the nutritional value and quantity of her milk is determined in part .by
heredity. A female that neglects her young or produces weak offspring
should always be examined for the existence of a possible ailment that
may be undermining her health or stamina. However, if this examination
reveals no health problems, the possibility that these undesirable traits are
genetic in nature should be considered. Other factors being equal, such a
queen should not be used for breeding, and possibly her offspring as'well
should be excluded from the breeding program. It should not be imagined,
however, that these traits are inherited solely from the mothfsr. A son qf
a poor mother may be equally likely to pass on these undesirable quali-

ties to his female offspring.; A‘_@m fomms »

Continuous variation

of heredity described in previous sections is k'now_n as discrete
gl ed'itzgcfntinuous in%leritance becfuse the characteristics mvolved. are
sharply defined. For instance, no one could confuse a tabby cat with a
black nor, after a modicum of experiencg, a ;nackcrel with a blotched
striped tabby. Yet, no traits are inherited 11n ;hlS natu(r;e.;):;I:ﬁti?1 :hfzz)rl:anclte;%
istics are known which vary continuously from one extreme lorm o
expression to another. AIE00A EXAMPIe i E‘@@g ﬁ__tj@ﬁi @?’
niafion, which cin ramge from lght ‘pifiper’ 10 HEW

mahogany Fed,jAlthough, a major genétic mutation is required to create

Eif,z}there isga le;ilde iariation in intensity of expression that is
i ited independent of this. _ o
mh,:r;sgble pgrt of the variation seen in the traits seen in cats 18 1nheIr-
ited, although the proportion may vary from character to character. E
this respect, continuous variation differs from the discontinuous. W1t1
discrete heredity, the overwhelming effect of one mutation can concea
the incidental background variation, whether n}hqnted or not. With
continuous characters, on the other hand, the incidental background
variation can be observed and it is not always wise to assume that all of
the observed variation is inherited. However, it is also unwise to go to
the other extreme and assume that none of the variation 1s 1nhe§r1ted. The
true situation lies in between: some of the variation is genetic and the

remainder is not.
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e genes with similar effecty. The effect of any one gene is small relative
to the total spectrum of variation. Though the action of each individual
gene is small, the total effect is cumulative. So an individual that carries
a number of these genes is phenotypically different from an individual that
carries only a few. Because numerous genes with minor effects are
involved, the inheritance of continuously varying traits has the appearance
of being a blending of characteristics. The genes themselves do not blend,
of course, but assort in the same manner as genes with major effects. It is
only the phenotype that shows blending in the form of offspring that are
generally intermediate to that of either parent, with the production of the

odd individual that strongly deviates from the average. CHatacieis

feontiolled by miafly gefies are termed ‘polygenicll and the genes concerned
are known collectively as ‘polygenes’. The important point to remember
is that many, not just a few, polygenes are intimately involved in produc-
ing a polygenic trait. In addition, the effect of each one is small compared
with the cumulative effect of the group. Those genes with large individ-
ual effects (i.e. ordinary alleles) are ‘major genes’ in this terminology.

It is convenient to speak of polygenes as possessing ‘plus’ and ‘minus’
effects with respect to the expression of a character. To continue with the
example of the variation of intensity of yellow, the ginger mongrel cat may
be visualized as possessing minus polygenes. This is in contrast to the rich
coloring of the exhibition (show quality) red tabby that is produced by
plus polygenes. These extreme forms often breed relatively true; ginger
cats rarely produce other than ginger young and vibrant red tabbies often
produce vibrant red tabby offspring. The color may vary but, in general,
this is the case. The reason is that they are at opposite extremes of the
spectrum of yellow color expression, due to a large number of the
polygenes sharing a common direction of influence, either plus or minus.
Should the two forms be crossed, the offspring would be expected to be
somewhat intermediate between the two parents, richer in color than the
ginger but less vivid than the show quality animal. Interbreeding these
crosses would be expected to produce a generation of widely variable
expression of intensity of yellow color. Most would be intermediate in
color but a number will approach either the ginger or the red coloration
of the grandparents. Should the intensity of yellow be divided into grades
and the parentage of animals of each grade be tabulated for a large
number of offspring, the result could be similar to Fig. 4.3.

The checkerboard of Fig. 3.6 illustrates the behavior of polygenes. In
this example, three polygenes are hypothesized in the production of a
particular trait. The plus alleles are represented by capital letters and the
various minus allcles by small letters. In this oversimplified model, the
ginger grade of yellow can be symbolized by the genotype aabbcc and the
vibrant red grade by AABBCC. To keep the picture simple, assume there
is no dominance of any of these alleles. Also assume that the variation of
intensity of yellow can be divided into seven grades (from 0 for ginger to
6 for the most intense red). The F, will be of an intermediate color (grade
3) and have the genotype AaBbCc. When these are interbred, the
polygenes will assort and combine at random to produce 64 potential
genotypes as shown by Fig. 3.6 (by substituting the symbols A4, B, C, etc.

]’-70/ y-
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Number of animals
of each grade

] N

Red

Ginger
Color intensity scale

i i i i i imals, graded for intensity
Figure 4.3 Idealized curve illustrating how the frgquenmes of animals, ;
ofg;ellow, might be distributed in the F, generation of a cross between a ginger and a

show quality red

for the genes A, D, L, etc. of the checkerboard). Suppose that each plus
polygene increases the intensity by one grade. Thus, the genotype aabbcc
will be of grade 0 and the genotypes Aab?)cc, aaBbcc and aabbCc will be
of grade 1, and so forth. Proceeding in this manner over the whole range
of genotypes, the 0 to 6 grades will be found to occur in the frequencies
of 1, 6, 15, 20, 15, 6 and 1, respectively. Figure 4.3 shows this expectation
in an idealized form. The curve on the figure is of the general type that
oceurs when numerous factors are operating to determine the expression
of a character. This is commonly known as the bel_l-sh.aped curve. Even
with a hypothetical, oversimplified example of 64 individual genotypes,
the shape of the curve can be seen in a plot of the expected frequencies.

If the F, generation is backcrossed to the red parent, the expectation is
a range of grades from 3 to 7, with the majority of offspring being of the
intermediate grades 4 and 5. Similarly, if the F, are bacquossed to .the
ginger, the range of variation will be from grades 0 to 3, with the major-
ity of offspring being of the intermediate grades 1 and 2. The average
expression of the trait in each case will be a g}'ade of yellow thz_at is half-
way between that of the parents. This is a typical result of continuous or
polygenic heredity. Although the majority of. offspring will in b_e. in-
between the coloration of two parents, there will also be some individu-
als that will be either paler or darker than either parent. Any bree_d.er who
has had occasion to breed together yellow cats of various intensities will
probably have noticed this phenomenon. _

The above example is a deliberate simplification (_)f the mechanism of
polygenic heredity. Apart from the obvious probability that many, rather
than a few, polygenes are usually involved, any of the attributes of_ genes
with major effects could be influenced by polygenes. The complexities of
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polygenic inheritance have been competently tackled and anyone wishing
for further information should review works cited in the bibliography.
[Polygenic Vati#ion ay Be conveniently info fwo fypes:

o [The ‘pure’ Safe, where 0o major aze [Volved, 17
* A state where variation is seen in combination with the presence of a
major mutant gene.

The heredity of £56dy size, head shape, ear size apd Giler COmpOREnR
ﬁgeng‘ al conformation falls inte. the first category. No major genes are

own to effect any of these features. Assuming that diet is adequate and
the cat receives sufficient exercise for full development, the size and shape
of the body is due to polygenic influences. ‘Size and shape’ is an abstrac-
tion, of course, encompassing many individual features. A cat may have a
cobby or long, tubular body, it may heavy or lightly boned, have short or
long legs and so forth. These are the components of ‘type’ as it is referred
to by the Cat Fancy.

Polygenic modifiers

A common form of variation can occur when a major gene is also
involved. In the prior example, for instance, of variation in intensity of

yellow coloration, the presence of the O gene is required. This has led to 10001 -
the practice of referring to polygenes as ‘modifyin’g’_genesﬁﬂhﬂugh the? P)‘m

yellow color is dre te O, the form of expression of Q 1 die 1o MOy
folygeses or ‘modifiers’ for short. Another trait that shows variation is
long hair. This character is primarily due to the mutant ! allele, but the
longhaired mongrel differs greatly from the show quality animal.
Polygenes are at work, modifying the length and texture of the coat of the
longhaired cat. A third example, which has captured the attention of
breeders, is the variation in the depth of color of blue cats. The basic
genotype for these cats is aadd, but the blue color can vary appreciably
between breeds and between individuals of those breeds. This type of
variation is also due to polygenes. Black cats also vary in depth of color
but to a lesser extent than do blues. Therefore it may be said that the
polygenes involved are modifiers of the expression of the blue gene.

Some people have proposed that in cases where the expression of a gene
(in particular, a mutant trait) is dependent upon the presence of modifiers,
these polygenes will have no effect on the alternate allele (particularly,
the wild type). The variation in the shade of blue is an obvious example.
Superficially, all blacks are the same color. Upon closer inspection,
however, it can be observed that black cats do vary in intensity, although
certainly not to the same extent as blues. The polygenetic modifiers of the
dilute gene probably modify the black phenotype as well, but not to the
same extent as it influences the coloration of the blue. The action of these
modifying polygenes is subtle in the black phenotype but accentuated in
the blue. This aspect makes it rather difficult to determine the presence
of any desired dilution polygenes in the black. On the other hand, it is
fairly obvious that a light blue carries those polygenes that lighten color
(minus alleles), while a dark blue will carry those of opposite tendency
(darkening or plus alleles).

N
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imilar anner, the coat length polygenes may have a greater effec;t
th:nacsombined with { than with the wild type allele L. The polygenetic
modifications of hair fiber length and structure are acgentugited when the
fiber has already been lengthened by the / gene. It is as if the normal,
stabilized develépment has been upset by the introduction of the mutant
allele, allowing for the possibility of further influence by other genes. This
would explain the relative minor effects of the polygenes on the wild type
phenotype while greater effects are produced in the mutant phenotype.
A definable group of polygenes can be trga_ted as a genetic entity in its
own right. For instance, if the group is combining or interacting with more
than one gene, identifying this group as modifiers of one specific gene or
phenotype will no longer be appropriate. The polygenes re§pon51ble f})r
the intensity of yellow pigmentation apparently behave in this manner. In
addition to their effects on the yellow phenotype, the quality of the yellow
pigment seen in the agouti band of the show quality brown tabby and the
Abyssinian, when compared with the mongrel tabby, can be attributed to
the actions of this group of polygenes. Variation in the presence of ye]low%
ish or tawny suffusion (tarnishing) in some silvers could also be part o
this series of variation. The intensity of yellow pigmentation Is controlled
by polygenes, whether or not this occurs in a cat that is fully yellow, qlr in
one that is only partially yellow, like the tabble_:s. The show quality si veé
displays no tarnishing. This implies that selective breeding has operate
- against yellow pigmentation, decreasing its presence to the point of total
imination. . _
Cln’;‘lhll;apolygenes that decrease the production of yellow pigment may
reveal themselves in an interesting manner. When a show quality silver is
crossed with a normal tabby, the tabby offspring are often unusually pale
in color, because of the weak color of the agouti band_. It is as if thq yqllow
coloration has been diluted (the black pigmentation is normal). It is likely
that the polygenes carried by the silver are inherited in a typlc_al blqndmg
manuner. This means that although 7 is completely dominant to 1, the inten-
sity of yellow pigmentation may be diluted by the action of the Polygenes
contributed by the silver parent. This sort of polygenic behavior is not
unusual whenever the phenotype of one of the parents has been selected
for extreme expression of any particular feature.

Identified polygenes
A few groups of polygenes have been identified in the cat.
fensity ‘af vellow, known as the

e The 'secorld are those fodRynp FHE

o A third group could be those {igEIrynp e depih and Warmih 8t
€hocoMETe pipmeniaiion/ as found in the chestnut brown.
The ve;riation here is akin to that of the blue as it is possibl_e to have
light and dark chocolate colored animals, when the corresponding blacks

scarcely differ. If the dilution and chocolate groups of polygenes are
identical, the dark blue and rich chocolate animals would carry identical
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polygenes that darken the color /S5y o means certain that the rufud’

€3 8f¢ independent of the dilution grgup/ Those polygenes that
“deepen the yellow to red could be the same as those which darken the
other colors. For most purposes, the rufus and dilution groups can be
treated as independent, but it is wise to be aware that this may not be so.
Another group of polygenes is that responsible for influencing eye
color. This trait exists on a spectrum from deep, violet blue to dark, almost
brown, copper. There are undoubtedly polygenetic modifiers of eye color.
Another group to be mentioned is that controlling the amount of agouti
ticking in the tabby areas of the coat. This is variable and controlled to

some extent by polygenes. A far assis koW fife HEkinp polysenes
grodiee i &ifect pon & =§"9_ﬁgdi1‘ti' L@&km —
Almost any feature of the cat that can be sensibly analyzed will be
found to vary, although not all of the variation will be genetic. The range
of phenotypes vary from feature to feature and from strain to strain for
the same feature. This explains in part why successful results can be
obtained with some individuals and strains but not with others. Most
phenotype variation, in general, will be controlled by polygenes. All
breeding animals in a population or breed may be homozygous for one or
more particular traits, where a major gene (or genes) becomes the basic
genotype for all individuals. Subsequent modification of the phenotype
will depend solely upon manipulation of the various groups of polygenes.

Threshold characters

Polygenic inheritance is usually associated with characters that vary
smoothly from one extreme of expression to the other. However, it is
possible for polygenic variation to be involved in a type of discontinuous
variation that, at first sight, may be thought to be under the control of a
major gene. The simplest way to explain this is to visualize a build-up of
polygenes. When this build-up reaches a certain level, it causes a process
to be carried past a ‘developmental threshold’ so that a new phenotype
appears. This sort of character is called a ‘threshold character’.

Alternatively, it is possible that a developmental process may fail to be
carried through to completion because there are insufficient plus (‘upreg-
ulating”) polygenes. Figure 3.6 may be used to demonstrate the underly-
ing principle. Suppose that a vital physiological reaction requires the
presence of a certain number of plus polygenes to proceed and that a
population of cats may be represented by Fig. 3.6. In this figure any
individual may contain from one to six plus polygenes, together with a
small number of deficient individuals (the O class). If the presence of at
least one plus polygene is sufficient for full completion of the reaction,
then only the zero class individuals will not function normally; in other
words, the failure rate will be about 2 per cent. However, suppose at least
two plus polygenes are required, then both the 0 and 1 classes will be
involved and the incidence will rise to about 11 per cent. Therefore, if
many polygenic loci are involved and the essential polygenic complement
varies from strain to strain, it becomes apparent that the incidence of a
threshold character could vary within wide limits.

i
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Cases of threshold heredity occur in most domesticated animals. No
definite instance is known for the cat although certain gross anomalies
may be generated in this manner. Any feature that differs rather sharply
from the normal and that occurs at a low frequency could be a threshold
character. It could also be due, of course, to-a mutant gene that is assort-
ing at a low frequency in the cat population at large. This is particularly
true if the gene exhibits only partial penetrance, resulting in a rate of
occurrence is not only low but erratic. It is difficult to distinguish between
these two situations unless it is possible to carry out precise breeding
experiments. In most cases, the genetic diagnosis relics upon the known
behavior of similar traits in other animals. Manipulation of threshold
characters is fortunately not usually an issue for cat breeders.

Anomalies

The problem of the genetic anomaly is something of which all breeders
should be aware. This is not to suggest that such anomalies are common,
but the cat must be expected to have its quota of defects just as are found

in other animals. The distressing aspect is that these anomalies recur in
subsequent litters and in subsequent generations unless breeders do not
take corrective action. In many cases, breeders will keep up with improve-
ments in husbandry, diet or veterinary practice but neglect the genetic
studies and improvements that are current. This is beginning to change as
veterinary schools are starting to hold genetics conferences that are open
to breeders as well as veterinarians.

To appreciate the problem of genetic defects, it is necessary to view the
situation in perspective. When dealing with deficiency disease, bacterial
or viral infection or injury, the true nature of a genetic abnormality could
pass unrecognized. Indeed, a cat afflicted with a defect can actually be one
of the first to succumb to one of these ailments. This is because many
anomalies either lower the resistance of the individual cat or render it less
able to compete with its fellows. When this happens, the cat, unless a
necropsy has been performed, will be considered to have died of the
disease or injury. While the deficiency disease can be prevented and
veterinary safeguards erected against infection, how do we handle the
genetic defect? The occurrence of a random anomaly is distressing enough
but the real problem is the ability of heritable anomalies to recur in future
litters of either direct or collateral descent.

The situation may be put more explicitly. Take a cattery where the
general housing conditions are poor, the food inadequate and hygiene
ranges from indifferent to deplorable. In this instance, it is small wonder
that disease always seems to be lurking around the corner. Imagine, on
the other hand, a cattery in which the housing is palatial, the food
adequate and nutritious, and the hygiene attended to with scrupulous care.
Here, most of the common ailments will be abolished and serious disease
almost unknown. Yet, the breeder may find himself bothered with
troubles of another sort. These problems will be peculiar to the individ-
ual cat and cannot be ascribed to bad husbandry, poor diet or neglect.
These are the sort of ailments that could be due to genetic causes. Put
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Figure 4.4 Expectations from mating tw¢ 5 to i i
; ¢ c g two Manx cats; to illustrate the 2:1 ratio of
Manx:normal tailed offspring. The homozygous MM probably dies in utero

more simply, though genetic anomalies will occur in both -
maintained catteries, it is in the latter that they will be mosgalgoglégamzll
‘ Gemft'lc anomalies are usually grouped under the general term of
lethals. in genetic texts. However, various types of lethal action should be
recogmzed. First, there are genes that cause death before birth. This is the
classical lethal. No homozygous anmomalous kittens are even seen
However, the heterozygote usually differs from normal and is usua]ly;
abnormal. It'ls the interbreeding of these that will lead to the discovery
of the lethality. Such a case exists in the cat in the form of the Manx
Manx cats have a deformed pelvic and caudal region and are almost
tailless. The mating of Manx inter se results in a 2:1 ratio of Manx type
and normal kittens. The homozygote MM probably dies in utero and is
reabsorbed (Flg. 4.4). This fact reveals itself in a reduction in average litter
size as well as in the kitten ratio. Second, there is the tetratological lethal
that produces monstrous young at birth. Quite often the ‘monster’ is still-
born as a r_esult of various gross defects. In other cases, death usually
ensues within a short period. Third, there is the deferred lethal.

In the deferred lethal, the animal is normal at birth but eventually dies
of a late developing affliction. The onset may be delayed for months or
even years. Next, there is the gene that causes functional impairment. As
the name implies, death is not an inevitable accompaniment but the
individual is always either mildly or severely abnormal. These latter are
requnmble_ for a wide variety of mild defects. The genes that cause
functional impairment are divided into three groups:

¢ First, there is the FORSCOSMET 2 efest. This causes
. ~COSMENC, 108~ defeet. problems
:Eat are difficult or Ampossible st COMION With medical or surgical
. erapy. Examplgs of this are patellar luxation and hip dysplasia.
econd‘ goi-cosmetic, nen-lethal sifiafich #s that which fEGTiEgEs
GUiD tHerapy, for the cat to survive or live a relatively painless life
An example of this is minor cleft palate. -
* The third impairing genetic problem is also figi-osHretic and-non:

fothal bif/this SEXURES prolonged or life time metival mamapemeny.
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In addition, there are two kinds of cosmetic anomalies:

. BERICHD Aiomaly aitects T appearance pf the cat but does
not require medical care as the cat has we medical problems’ Two
examples of breeds that exhibit this are the Munchkin and the Japan-

ese Bobtail.

« The second SRXHENC Aoialy ot oy Aects U appcaragee of the
cat but IFo 138 filedical Of physical tepercpssiony An cxample of a
breed that may, but does not necessarily have this problem, is the
Scottish Fold. In some cats, if an improper breeding program is
followed, there may be severe arthritis that is linked with the folded

ear.

Not all congenital defects are of genetic origin, although it is a fair
assumption in most cases unless the facts have disclosed otherwise.
Conversely, not all late developing afflictions are necessarily due to the
environment. How can one be sure that an anomaly is inherited? It is true
that most disorders occur as isolated events and there will be no indica-
tion of a genetic influence. However, suppose that the disorder shows a
pattern, such as appearing in successive litters from the same parents or
in different litters from parents that share a common ancestor. This is
usually the first evidence that an anomaly has a genetic basis. The
incidence is then said to be ‘familial’. With pedigreed cats, parentage is
important, the matings are controlled and accurate records are available.
Generally, the mode of inheritance will emerge according to the recog-
nized laws of heredity. In general, the mode of inheritance can be due
cither to a single gene (monogenic) or to the combined action of
polygenes. If the inheritance is monogenic, it is essential to determine
whether the anomaly is caused by a dominant or a recessive gene.

In a later chapter, instances of abnormality that are either known or
suspected to have a genetic basis are covered. Knowing these, the veteri-
narian will be able to advise their client as to the risks inherent in breed-
ing a particular cat. In addition, knowledge that the anomaly could be
inherited may encourage the collection of relevant data and contribute to
any research that made be ongoing. An extensive bibliography, which can
be used to guide you to additional information on individual articles and
ongoing research can be found at the back of this book.

Chapter 5
Breeding systems

Overview

Random mating

Random breading versus random bred
Breeding systems

Limits to selection

Technical appendices

A: Workinq ratios of declines in heterozygasis
B: Calcuiating the decline in heterozygosity

Overview

It is entirely possible to breed cats without c i i
| oncerning yourself with th
phys'lcal type and health_ of the outcome or without c%)glplying with an;
p_artlcular system of mating. However, this sort of behavior is not respon-
sible breeding in any sense. It is not far removed from random cat breed-
nmagt’u arlz z‘iinytoﬁ:e can l;e:v% a male and a few queens about the house, letting
o the rest. As Roy Robinson put it, ¢ it be
e T that’.y put it, ‘as cat breeders, it behooves
This means developing and managi i i i
j 1 ging a breeding program in which
certain cats are afﬁnnagvely selected to be bred to otﬁersg, for predetecr-
mined reasons. Equally importantly, it also means that breeders allow no
matings until the.y have given careful consideration to the outcome. The
goo.d and bad points of the individual cats should be assessed and weighed
against each other before any mating. In addition, it means that the breed-
ers arrange the pairings with the motive of improving the breed in question
With pedigreed cats, the prime motives are usually the following: '
* Berpetuafion 61 the parricular breed of itati
o ot b of tgp (or even resuscitation of a
Mprovenient Gf fhe giality/of the breed i
ETpIovETEM, OLOE ¢ ¢ eed as measured against the
o BUCEESs i e §ioW fHiligF when competing agai
other responsible breeders. peting against the best efforts of

The skill in cat breeding lies in the choice of indivi
; individual cats and h
$ese cats may be mated with each other. While not everyone may rega(,x'vdv
ise two acts as completely separate, they should be regarded that way
at 1niast from an analytical Rerspective. In practice, they are interconnected,
z&g; ceeztichf othler. The choice of cats for breeding is embodied in the
pt of ‘selection’ and the mating of th i
o the brecatag ooe o g of the selected cats in the concept
The interplay of these concepts is com
he i / plex. What the breeder t
realize is that his or her efforts to control and direct the developmerlﬂugf
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a breed operates concurrently through selection and mating systems to
create and maintain certain genetic characteristics. However, these ration-
alizing activities are then superimposed upon two types of processes: gene
mutation and recombination, and chromosome assortment and crossing-
over. These processes have the effect of injecting more variety and
complexity of combinations while the efforts of the breeder seek to
control and reduce them. In essence, all the breeder can do is to improve
the odds of obtaining a desired outcome. The underlying natural processes
prevent the breeder from ever asserting total control and predictability.

Random mating

As a prelude, it is wise to consider what random mating, which is the
antithesis of inbreeding, means. Most mongrel cats are representatives of
random mating only in the sense that there is an absence of affirmative
control. With pedigreed cats, the situation is radically different. The breed-
ers control their matings and the breeders should carefully regulate the
choice of cats used. If the various breeders are working together in infor-
mal groups or networks, then the overall randomness quickly vanishes.
Remember that true random mating, in a strict statistical sense, implies
that there will be the odd mating of brother to sister and other, less close,
breedings of related cats over time. In the case of pedigreed cats, some,
but certainly not all, breeders may assiduously avoid the closer breedings.
Therefore, the assumption of random mating at the breed level is not

unreasonable.

Random breeding versus random bred

Random breeding literally means that the probability of any male cat
being bred with any female cat is a directly related function of the number
of females in the population. Which cat breeds with which cat is a matter

of chance. So if there are 1000 females, the chance of breeding any one”’

of them is 1:1000. Sib mating happens at random tog. If there are two sibs
among the 1000 females, the chances of a sib breeding are 2 in 1000 or
1:500. That is, it is not likely, but it is not impossible.

Random bred, on the other hand, is a way in which breeders of
pedigreed cats often refer to cats that are not pedigreed. But, just
because a cat is not pedigreed does not automatically mean it is not
inbred. In fact, the so-called random bred cat may not be randomly bred.
Take, for example, a small colony of barn cats. The cats in such a colony
will, within a very short time, tend to become a highly inbred colony
because the number of potential mates is limited by geography to those
in barn. Say, one male has access to two females ‘and produces four
kittens per breeding, two females and two males. There are two breed-
ing, the first year and no kittens die. By the next year, there are now
nine adult males: the original stud, four males by female 1 and four by
female 2. The eight younger males are either half-brothers or full broth-
ers. There are now also 10 whole females: the two (unrelated) queens
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and four females by each queen and the original stud. Gene i

an environment, a dominant male, usuallfr the oldest anf:lalgrg:l;g:?
yvould tend to force the younger males away from any female that goes’
into heat. So upless all of the females went into heat at once, only one
male, the dominant male, would be breeding this group of f’emales If
the remaining ma}le is, for example, the original stud, then 80 per c;ent
of the next brf;edlngs that occur in that colony would between the origi-
nal stud and his own daughters. That is because they now make up eight
of the 10 whole females. As can be seen, as this pattern continues, this
population will rapidly become very highly inbred. So those cat b;eed-
ers who seek to inject _so-called random-bred cats into a breeding
{)ﬁggor;g:) ;?t et.he hopes of improving genetic vigor may well be doing just

Breeding systems

In the case of Singapuras, I very definitely thi
s, ly think they should breed true.
I have never h.ad. anything else come from mine, and would not wis;z‘ it
to happen. This is due to severe culling when the breed was established.
James Mendenhall, Singapura breeder

Selection

The phenotype of the individual cat is m
: of - ade up of a large number of
genetic chal_'actenstlcs of varying expression. The ideal cat isg one in which
the expression of each of these characteristics is just right, in the eyes of
the breeder. This means that an intermediate expression will be required
for some characteristics, but an extreme expression required for others.
The expression of these characteristics is controlled by selective breeding
of which there are several kinds of systems. ,
tioThe simplest is basei{d on the choice of the individual cat itself. But selec-
n programs can take i ili i
oty g in whole families and even extend into progeny
Side by side with selection, and reinforcin i
: , g the process, there is the
:zlrs;enm of maémg used. The systems of mating can include inbreeding of
g or moderate intensity, the matings of like to like, and th i
up of poor quality animals. , S SRS
These are some of the tools that are at the di:
sposal of the breeder. How
these topls may be .used,.and, more importantly, which are most suitable
for particular situations, is the subject of the balance of this chapter.
Selt_ac‘tlve breeding is by far the most potent factor in trying to control
genetic’ charactqnstlcs, whether the type chosen is straightforward selec-
tlo_n, with no fr}lls, or one of several more sophisticated variations. The
evidence for this power is demonstrated by the very existence of many
Ic)cr)e?ds oft cats, ;ﬁfr}tllcularly as they differ in body conformation. Body
nformation, which cannot be so easily manipulated, i
bases of breed differentiation. y d +1s one of the real
Selection by itself is not ver ici i iminati
y efficient in eliminating heterozygous
genotypes, the producers of deviating forms. Inbreeding is consiszlegntly
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more efficient in eliminating heterozygous genotypes InbTEeaingdoes ot
fican cloSe, purp inbreeding, but radier the moderate form flipt
esnlts from. -thf mating of fiet foo distantly relafedl (buf vot dicectly
During the formation of a breed, some inbreeding is essential so that
the conformation stabilizes around a definite type. Later, as the breed
matures, there can be some relaxation, but not too much, from inbreed-
ing, If too much occurs, phenotypic divergence will begin to occur. Those
individual cats that diverge too much from the desired type are either not
bred at all, or are mated to a more typical cat of the breed.

Over time, a breed stabilizes and continues as a defined breed because
the majority of cats tend to be descended from, or bred to, a relatively
small group of outstanding cats. This small group of cats’ compliance with
conformation is, in turn, validated by competition at cat shows over time.
Their success may be measured in terms of individual titles (e.g. champi-
ons, or grand champions) or in terms of success over a season of compe-
tition (national winner etc.). Quite often these specimens themselves are
already somewhat inter-related to a greater degree than the ordinary
members of the same breed. This is because the breeders who have
worked to produce these outstanding specimens from their own breeding
program tend to be exceedingly choosy in their mating selections. Experi-
ence has taught them the inadvisability of straying too far from the basic
blood lines of the breed when seeking to win in competition. However,
breeding for winning type is not necessarily identical with breeding for
health. Nor is it necessarily identical with breeding for continuation of the
breed itself. While these are not necessarily contradictory goals, achieving
one does not guarantee that the other two will automatically be attained

as well.

Selection and the fotal score

The tests that a breeder can use to aid in the selection of breeding stock
for a cattery can take a surprising number of forms. All have one common
object; raising of the general guality of the feline breeding stock over time.
The methods of selection differ in several key aspects. It can, however, be
difficult for breeders to select from among the various methods and to fit
in with other factors they must consider in producing high quality show
standard cats.

An important factor in selection is intensity. It is not always easy to
assess the strength of selection for all traits. A very convenient estimate
can be made by calculating the proportion of kittens delivered which are
kept back for breeding or showing, or which are sold for the same
purposes. For example, a round of litters from one sire and four queens
could produce a total of 16 kittens. Out of this total, the breeder might
decide to keep two new queens as replacements for two of the mothers
in the program. This represents a selection intensity of two-sixteenths or
12.5 per cent.

However, suppose, a second round of 16 more kittens is produced by
the same parents and that two of the best kittens from the first round are
kept back for comparison with the second round. Selection of the two best
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female's would now represent a 6.25 per cent intensity, that is two out of
32. Using this type of selection measurement, it is very desirable to have
as many young as possible to choose from. This is because, in many cases
t!le amount of progress made by selection is closely related to the inten:
Zgﬁéiic;wi‘};er, ;hl: is n%t] always easy to achieve, as the breeder must
other factors. i i i
oo other factors. ese include cost of feeding and housing more
A considerably less precise, but handier alternative would be t@analy?
e FESTITS, Of breeding Gvet tififey This would be done by comparing‘ th:
?trﬁ)portlon of kittens that‘ are fairly classified as show, breeder and pet
. ;i girégs;afso)l.nmon classifications used by breeders and exhibitors of
_ While the underlying genetic change prevents any program from produc-
ing all show qual!ty cats, if a program produces too high a percentage of
pet quality cats, it should be re-evaluated. Remember, these ranges are
based on the grading of the cats, not on their final circumstances. For
example, while a particular male may be graded as breeder quality man
breec‘lers find that it is difficult to sell breeder quality males. Thus they
may ‘pet out’, that is sell as a pet, such a male. For purposes of this pr’ocessy
that male is a breeder quality. Similarly, with breeds with very small
numbers of live births each year, breeders may acquire for a breeding
program a cat that is propetly classified as ‘pet’. This is because it is needed
to maintain a_degree of genetic vigor that would otherwise be lost. While
used in breeding, these cats are still classified as pets for grading pu'rposes
In either case, the impact of genetic drift in the existing colony must be;
taken into account. Continued breeding within the same colony will result
in changes in the cats produced. In addition, the standard of conforma-
tion against which the cats are being tested may change, either in the way
it is written or in the way it is applied. That means that the selection must
deal with underlying currents within the breed as well as external changes
in what is deemed to be perfection in the breed. =

Individual merit

in turn,Based almost

GaRed almost coliEly Gn physical appeaance.
Regardless of the particular system usagi, the first and overarching
requirement is that the cat should be healthy. The breeder should judge
the health of the cat both by appearance and by its medical record. That
means the cat should have had good growth and development, be free

from disease or inheritable defect, and exhibit lively behavior.

* [Ilmalg, he should be morphologically normal. He should appear to be
sound and strong, not displaying such abnormalities as monorchidism.
E:l ?ridl)tlon&tll;e male should display keen interest in the female in heat

strus) and be persistent in matings (coitus). Hi i
rate of successful matings. & ). He should have 2 high

* [FI fersdldy she should come into. heat regularly, have easy deliveries
(parturitions), produce normal and healthy young in average numbers
and be able to rear these kittens unaided.

The simplest form of selection is one based on individual merit, which is
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i e of the above items can only be scen after the cat has
begllj ‘t/)lrct.elxlis.l}"["lfi:urlneans that a breeder will have to delay certa:jn parts of
this selection process until the cats are mature enough to lglee e

Reproductive performance is so important that it may be thoug su;t> .
fiuous to have to mention the topic. Unfortunate}y, in the sorting out o
the many traits that have to be selectgd,‘_; v

on the ACICE.

. STIOEIEY 1t deserves. TS pod: = 4 SupETL
“live, stzasm oMty 1O 110 .'tgg;ﬁ’is_ﬁgg@y‘h‘ i KW estecm hecauSe ofz,

iy d,. ,_‘_....-l‘r-uv-]w]*—u-ﬁ-— o7 . 'i‘ j - .
W%?n%t spec{a%llﬁsﬁ: from this practice occur when it 1s_possii
ble to select for a single, well-defined characteristic, \yhlle 1gnor1nfgtia;

others. These are situations that produc.e the nice arcing curves ol the
results of selection found in some genetic textbooks. In most cases, the
practical cat breeder may have to settle for less. There are several reasons

for this, of which three in particular are key:

o .rst is lack of facilities, space, or time. If a breeder intends to breed
g;:,fg:tor she should tackle the job properly, and make full use of the
i facilities. o

o %"llliﬂ:g(l:znd reason is to have a clearly defined objective in mind from
the start. For most people, this will mean seeking to produce cats
excelling in all of the fine qualities of the breed they choose. This, ];n
turn, means a close study of the written standard of excell.ence for tbe
breed as well as a visual and physical study of those cats judged toh e
the best available. The breeder should now critically evaluate his 01i1 er
own breeding stock against the standard and compare them with these
animals. This is the moment of truth. The more objective the corr'lllianar-
ison, the more quickly can something be done to correct any failings

vident.

e Ell"ll'?ltrglr; ?he breeder is almost never in a position where he or she .cczlan
concentrate entirely on one characteristic. The br'eeder must consi elr
all sorts of characteristics simultancously to achieve gH-round e,'xccla1 -
lence. There are three methods of dealing with this problem: t ei
tandem method, the independent culling levels method and the tota

score method.

The tandem method

tandem method, it might seem feasible to work on one feature
glgdfi;nteh.e’Ihe breeder would then proceed to deal with the next oply v‘s;l_len
the first has been raised to a sufficiently high stapdard. The main o detc-
tions to the tandem method are two. The first is the time require ho
produce worthwhile results for several characteristics. The second is t ilel
real danger that the progress achieved with the early characteristics w
be lost while the breeder is dealing with the later ones.

Independent culling levels

i i low a given standard
A second procedure is to decide that any cat that falls bel :
in jmy oné) characteristic will be removed from (or kept out of) the breeding
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program. This method is easy to apply and can be surprisingly effective,
provided the breeder does not weaken in his or her resolve. As the culling
levels rise with the improvement of the strain, so the selection becomes more
stringent. Note, however that the culling level need not be the same for each
characteristic. Some characteristics are not so important while others may
need more drastic selection to realize the same results. The responsible
breeder should consider all of these aspects. The more well thought out the
plan of action, the greater the overall improvement is likely to be.

An advantage of this method is that it necessitates a careful appraisal
of the number of characteristics that can be dealt with and of their varia-
tion. The number of characteristics that can be effectively managed is
limited. This means that the breeder has to establish priorities and then
adhere to them. It requires analysis of the manner in which the chosen
characteristics vary individually to be able to grade the cats as being either
above or below the culling level. The most serious objection to this
method is that, on occasion, it may be too ruthless. It may be unwise to
totally reject a cat possessing several admirable qualities just because it
falls below a certain culling level in only one characteristic. To counter
this argument, a third more flexible method has been devised.

It should be kept firmly in mind that when breeders of pedigreed cats
refer to culling, they mean the practice of spaying or neutering a kitten
(or cat) that does not measure up to the standard being applied to that
kitten (or cat). It in no way signifies that healthy kittens or cats which fail
to meet the standard are killed.

Total score

This is probably the most efficient of the three options. In company with
the preceding method, it requires that the contribution of each character-
istic to the ideal cat be carefully assessed. The breeder should grade the
variation of cach characteristic by a convenient scale of points. The
composition of the scale should be as accurate as possible without becom-
ing unduly complex. Even a simple grading of very poor (1), poor (2),
average (3), good (4) and very good (5) gives a five-point numerical scale.
It is better, however, to score each cat against a 10-point judging scale.
The scale ranges from 1 for the lowest to 10 for the highest grade of
expression of the characteristic. The value of the scale depends largely on
the competence of the breeder in grading his charges. It is best to base
the grading against on the written competition standards. These provide
numeric scales, with the relative weights that the judges must give to
various physical features of that breed.

Now, with the total score method, the need to impose a limit on the
number of characteristics is not quite as important as in other methods. It
is probably best to include as many as possible, because it is difficult to
foretell if a minor feature may turn out to be of major importance. It could
become useful to be able to check on how a particular minor feature has
been varying in past generations.

In practice, a working limit is set by the amount of time that a breeder
can devote to calculating the index. The reason why a large number of
characters can be considered is because the next step is to rank these by
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a system of ‘weights’. These are numerical coefficients that reflect the
relative importance of the various traits, in the breeder’s estimation. Thes¢
are used because the mere point scoring of expression of each character-
istic cannot take this factor into account.

The scale of points assigned should be relatively unchanging, provided
it is objectively drawn-up in the first instance. That is another reason to
use the scoring system used by cat registries, as the breeder can change
his grading if the scoring of the breed changes. On the other hand, it may
be necessary to change the coefficients from time to time to give greater
emphasis to certain characteristics. For example, if a certain feature is
showing no signs of continuing improvement, the coefficient for it could
be increased so that individual cats with exceptionally good expressions
of that characteristic would score slightly higher. However, breeders
should mot change the values of the coefficients except for very good
cause. A good cause is not the inability of a breeder to achieve a satis-
factory expression of a possible characteristic with existing breeding stock.

The working of this method in application can probably be best
explained by an illustration. There is no special basis for the choice of the
coefficient for health, as this must be chosen for all breeds. However, the
characteristics and the points assigned to them are taken from the official
standard for the Somali by the Cat Fanciers Association (US).

Suppose the following characters are graded:

o Health (condition) (H).

o Head shape — including eye shape and ears (3S).
« Body build - including tail (BB).

o Coat texture and length (CT).

e Color - including ticking and eye color (CL).

Now, the relative importance of these seven features might be assessed
as follows, with all but health based on the points assigned by the breed

standard:
Total score = 25 HS +25 BB + 20 CT + 30CL

That is, head shape is considered to be just as important as the body
and so forth, Health is ranked as the most important and is a separately
bandled item. If a cat fails to achieve a certain level of health, it is
removed from further consideration in the breeding program. So, for
purposes of this example, any cat with a health rating of less than eight is
automatically excluded from further consideration.

To calculate the total score, the breeder evaluates each cat and grades
it on a 10-point scale for each set of characteristics. In this case, the’
maximum total would be 1000. However, no cat would be expected to
attain this level of absolute perfection.

Table 5.1 shows how eight cats might be evaluated according to the
above formula. Cat A scores highly because it happens to be exception-
ally good in the important characteristics HS and BB although it is
mediocre in other respects. Compare the score with that for cat C that
graded highly for several but slightly lower on others, thus producing a
slightly above average score. This shows how the coefficients adjust the
point rating in this respect. The best all-round cat is A, followed closely
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Table 5.1 An example of calculatin i
: g total score as an aid to selecti H
for meaning of abbreviations and source of weighting) seSITe fesSEn) (R £

Cat Point grading for each set of characteristics Total score
Health HS BB cr CL
g 10 10 10 6 S 780
° 9 8 7 7 7 725
< 10 6 7 7 8 695
D lg 6 6 7 8 670
e . g 6 7 7 650
& g 7 8 7 730
g 5 6 6 5 555
H 9 5 4 4 5 445

by B. Individuals C, D and E tend to be simi i
s G, imilar, that is, somewhat ab
g\l/:sr:g? catts!.i Wltl;out the total score, it might be very difficultatoar;);li
in order of preference. This aspect iscriminati
poIssessed e S aspec reveals the disc ation
t should be noted that cat F is a fine animal exce; i
t 2 t that it had suff
an attack of an undefined sickness that makes its heglth suspect. Thisefr;g
has removed the cat from further consideration. Had the cat been healthy
its ;ﬁorte l\;slrould have been 730, or second to cat A. ’
e table thus indicates the ranking of the eigh i
i ght cats for potential val
to the breeding program based on the total score. If thrge animals al:::
recgnred for ttlllle next generation, these would be A, B and C
ompare this ranking with that generated by th:: use of i.nde end
. - o w ent
;ulhng levels. As ox}ly three individuals are required, the culling lgvel will
ave to be rather high. If all animals that score grade 5 or less for any set
of ‘characterlstlcs are eliminated, then cats B, C, D and E remain. If all
?Irllémaﬁ'that grtalllde:j 6dor less are eliminated, then only cat B remains. Thus
culling method does not possess the fine discriminati ' ’
ol e p e disc ation shown by the
It is important to note that, under this meth i j
 is i od, cat A is totally rejected.
This is because cat A grades poorly in several sets of charactzrisiics in
spite of its exceptional rating in the important traits HS and BB. A refine-
ment would be to vary the culling levels, being more stringent against the
important sets of traits and less so against the less important. To do this
however, the breeder is shifting the practical application of the cul]jng,
ﬁ;;};odfd&serlto that of the total score, but without quite gaining the flexi-
lity of the latter. It might be worthwhile to empl
without such additional adjustments. mploy the total score

The gotal seore SECHHIGUE is only an aid to selection. Ji§ VAl

gy three factors: .
¢ chasacterist®s that are impor-

faglogs:

¢ The Y SE i brevder © ehe i
tant for the fask in hand.

e The breeder’s £ 16 prading: ~

. 'tI'h{: m balanee-among the weighting coefficients, While it is possible
to learn the cateutations necessary to use this method for the first time, a
feeling’ for a soundly constructed score only comes with experience. |
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xample given above may be simplistic in that it may be useful to
cog;zee; mo[r)e c;%aracteristics, such as eye color or terpperan;gn;. ;\lsc.):
using the standards of excellence as a source for scoring, it should be easlld
ble to subdivide those being comsidered. Color (CL), for instance, 1.cou .
be further analyzed and subdivided in terms of depth of color, quality o

the ticking and clarity of markings.

Family selection and progeny testing

ion is normally practiced on an individual basi_s. However, selection
Snle;?,cgl(‘;g lls)e: applie}cll pwith a litter or a series of litters from tlllle sfz}me
parents. If ‘familial’ selection can be cqrned out, it enhances td € € dec.:;
tiveness of the process. It can be :<1pphed whether the mt}thohuse i
culling levels or the total score option. Tpe total score option, owe\.'eri
lends itself more easily to familial selection, as it provides a numerica
ich to generate an average. ] ]
Val(l)l?dfi;xc;?y v:c?llection %lsually ignores familial rqlationshlps, as the supfar_lo{
anijmals are chosen from all litters beiqg_ conmderegl. Hc_)vyever, a cnélca
appraisal should take note of the capability of certain painngs to pro 1_1<;ei
offspring consistently above the average of qther pairings. Thltsh apﬁ).ra]lllsst
can take one or two forms: either noting which pairings have the highe
number of young above a certain level of excellence, or deriving an
avggaogfl.d the total score be in use, you can calculate an average by adc;lruﬁg
the individual scores and then dividing by the number of youngt.) B e
parents with the highest average are clearly those producing thet e e(r1
offspring. Future kittens should be]:J (_)btaf1fneq from these parents an
hould also be given to their offspring. .
pr;.lfl%r::ie tg carry familial sgelectiou through to its logical conclusion, lihoiei
parents that have produced inferior litters should be altered, ;‘; s ?fu
their offspring, thus removing them from the breeding program. ihe € t'ec-
tiveness of familial selection stems from the fact that the sclection 15 g{: 1Eg
somewhat more efficiently on the glemlsltlc ctc;rrll)stltutlon than is possible by
i t is based on individual phenotype. o
Se!;ﬁtilsogaghzlso be applied to situations when there are a limited number
of cats breeding in differing comb;natﬁons. 8?112161 ofa:,hee;ie ecg}r:;t};u:;ﬁg?ss
i ce kittens that have a higher ay é"“—‘ 1S.
may consmtenﬂy produce k e g e »

Ffiose breeding combinations thal

e%he%g! dhi%erences can be deliberately exploited to reveal differences in
breeding capability. Normally, queens cannot be an?lyzed in this manner.
That is because individually it is impossible tg obtain enough kittens in a
reasonable time to provide a fair sample. However, in theory at leastl,):vgo
or more stud males can be evaluated this way. The procedure is to o alg
a round of litters with several females from 0(111e mlale and another roun

i ith the same females from a second male. o

Ofkttce;lsng;tr}ilson of the guality of each round of ligte.rs‘could mdueg:tly:
reveal the breeding ability of the different males. T!us is ‘progeny testlmg
in one of its more direct forms, whereby the breeding worth of a male 1s

determined by the average quality of his offspring.
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Two or more separate lines composed of a few breeding cats could be
dealt with in a similar way through ‘group selection’. Begin with more than
one separate line of a few individuals. Then, at an appropriate stage, make
a comparison to ascertain if one line or group has made greater improve-
ment than the other. The inferior line can be abandoned by altering the
cats and developing two separate lines from the remaining line.

The stud male and grading-up

The stud male cat is the most important whole, member of the cattery. This
is neither because of his sex nor because some characters are inherited more
strongly via the male. Rather, the reason is statistical. A stud male can sire
many more kittens than a queen can ever hope to produce. It follows, there-
fore, that a breeder should be particularly choosy in the choice of stud males.

Fortunately, it is possible to be more selective of males. This is because
fewer males are required, while the breeds tend to produce males and
females in approximately equal proportions. This means a breeder can and
should insist on at least as high a standard for the male as for the best of
the queens. Actually, the breeder should insist on even a higher standard
whenever possible.

For a number of practical reasons, not every breeder can keep a whole
male cat as a part of the cattery. To compensate for this, breeders may
make their whole males available for stud service. In the past, stud service
was relatively open. However, now there are relatively fewer whole males
at open stud; rather, stud service is more often negotiated among a
relatively small group of breeders. The most common exception to this is
the placing at open stud of whole males that have achieved particular
prominence in competition.

The use of outside stud service benefits the owner financially, and the
Cat Fancy as a whole by helping to raise the overall quality of the breed.
When financial, geographical, genetic and health circumstances warrant it,
there should be no hesitation in taking advantage of the services of these
males.

The only problem is which male to use? The fact that the male is a well-
known grand champion does not necessarily mean that he is the most
suitable animal. He may have the same faults (despite his grand champi-
onship status) as the owner of the queen is seeking to correct in his or her
own stock. It is good policy to visit shows and examine the various males
competing to assess the good and bad features of each one. One or more
should emerge as the appropriate mate for certain queens and then
arrangements can be made for stud service.

Queens may be taken to males at open stud for various reasons. Proba-
bly the most common is a desire for general improvement in the breeder’s
lines, particularly if the queen is not outstanding in any way. Improvement
in this manner is known as ‘grading-up’. Grading-up is a term that can be

used to denote most policies of mating average queens to superior studs
or, less frequently, to taking superior queens to average studs. These
matings are sometimes repeated for more than one generation
(backerosses) in an attempt to firmly impress the superior qualities carried
by the male onto the breeder’s lines.
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This may not always be successful, or even desirable, as this aspect is
highly dependent upon the degree of pure breeding of the superior animal.
This problem is discussed in more detail later in the next chapter as
‘pureness’ of breeding is closely related to the amount of inbreeding which
the superior stock has already undergone. The breeder should immedi-
ately stop any backcrossing if either of the following situations occurs:

+ A general improvement is no longer occurring.
¢ The undesirable traits are beginning to emerge.

However, leaving this aspect in abeyance, grading-up is the quickest
method for the improvement of mediocre lines and one that can be easily
recommended o the novice breeder. Superb competition (show quality)
cats are usually scarce and expensive, so the beginner often has to be
content with lesser cats. This does not mean that they are of poor quality
and not appropriate as the basis for a new breeding program. If correctly
mated through grading-up, cats derived from a reputable line should
produce very good quality Kittens.

Another important reason for sending queens o outside males is to
improve specific traits. If the breeder’s animals have many good qualities
already, extreme care must be taken not to upset these while the new or
improved features are being incorporated. The whole situation has to be
handled very carefully, both in the proper choice of mates and in the
subsequent breeding. Unlike general grading-up, these outcrosses are not
necessarily immediately repeated, as it is not a general improvement that
is being sought. Much will depend upon whether the specific trait shows
a desirable change and if this can be incorporated into the lines without
either deteriorating or losing the good points it now has. To do this, it
may be better to interbreed the offspring, rather than to outcross again.

The next moves do not lend themselves to any worthwhile generaliza-
tion. Only the breeder, with full knowledge of his cats, their pedigrees,
and his own breed can decide what to do in each case. So much depends
on the problem in the line being addressed and the line’s response to the
ontcross. If the offspring show deterioration in desired qualities, this may
be a sign that the outcross has not been successful and an outcross to
another male, unrelated to the first, might be the best policy.

Selection for intermediate versus extreme expression
Selection of characters falls into one of two categories:
e Selecting for an intermediate degree of expression.
» Selecting for extreme expression.

As many different characteristics make up the ideal cat, both sorts of
selection may be operating at the same time. This is unfortunate, as the
two forms of selection require different handling if each is to achieve the
maximum possible success.

Intermediate expression

In the case of intermediate expression, the selection entails removing cats
that deviate most from the optimum from the breeding program. More
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than anything else, it is a matter of fixin

I X . g the character so that
f:alt)s as possible possess it. The quickest means of achieving this is ?)syrcl:ll?cl)lsue’
inbreeding, keeping in mind that many breeds are already closely inbred.

Extreme expression

Selection for extreme expression, on the other hand, impli ivi
sometlu.ng not yet obtained or found in only a few {nlilggﬁil:ug;(?rgerfr?é
expression is d{splayed only by genotypes containing a large riumber of
genes hgmg either plus or minus effects with regard to the character
(depending on which end of the scale is being considered). These
genotypes are only formed by gathering together the appropriate' plus or
minus genes that are scattered throughout the general breed population
LpglC tells us that this must be the situation, otherwise the extremg expres-.
sion vyould be common. This, in turn, means searching for and then breed-
glg W}th‘ any cat with a phpnotype tending in the right direction. Breeders
o this in the_ hope that different polygenes are brought in and combined
to produce kittens of more extreme expression than that of both of the
parents. To achieve this, it is desirable to have individuals heterozygous
for as many genes as possible, despite the fact that the selection tends t
pick out homozygotes. AT GTHET Wotes; toeorearty a deeredte ifi T8 PIops ﬁ‘o
fton ot Rejeroaygoias hinders e free recombination Of gEass Bt i
fessential for the lormation of the extreme phendiypey S
Here lies the conflict between these. Put in another way, to fix inter-
mediate expression, the heterozygotes should be eliminated; however to
realize ever more extreme expressions, the maximum numbel,' of heterc: -
gous loci is required. Given the fact that breeders do not have an unlifny-
ited number of cats that can be accessed, nor an unlimited number of
generations to achieve desired ends, a compromise must be found

a&é@ﬁﬁé@ 6@@@ compromise USHANY takes the form of § HoderalE
mﬂ}{m combirred With ififénse seleetion. The hope is that
et _be a steady fixation of intermediate characters, but that this
ation will not occur too quickly. The hope is that there can also be some
progress towards extreme expression in other characters at the same time
The interface is the breeding program that can be so managed that the

amount of inbyee.ding can_be high, moderate or weak. How the breeder
can manage this is the main topic of succeeding sections.

Inbreeding

Ordinarily speaking, inbreeding means the pairin

related'cats. In practice the actual mating shougléol%zﬁ;;regifﬁizgy acl]soilelli}s,
determines the relative intensity of inbreeding. Some forms of int;reeding
can be regardeq as very close, others as less so and still others as quite
rmlq. A rate of inbreeding can be roughly calculated for most systems of
mating a1_1d can thqs be used as a measure of its strength. This is an advan-
tage, as in some limited circumstances it might be desirable to inbreed
cloIse;y alcuid, in others, significantly less closely.

nbreeding is more correctly seen as the act of mating indivi

various degrees of kinship. But what does the processg (I)I;d;;;)drlil;ir?gf
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ually achieve? If continued for generations, it produces ever increasimng

ﬁ‘(:)tmogineity in the offspring. Gdenetlcallfy {)h% :‘flfzgrlr%gh }:ec;;)ulljz (123;: 1%2
ike in appearance and general be . ] _

Eﬁggxllﬂzicg;trypgauses many of the same genes to be received bty dlf;ilr(i
ent individuals. The limitation in the number of different ances Tots and
the absence of outcrossing are the key factors in this pro;ess. " c; I1ge ,
inbreeding, there is a tendency for the offspring to reccive the same g
from each parent and to become pyogress%vely more homozygoufs. inals

The proportion of homozygotes in any mterbree@mg group of a mals
is known as ‘homozygosis’. Conversely, the proportion of heterpzygg =
known as the ‘heterozygosis’. These two terms are the opposite Sllc e; of
the same coin, but both are used because some people like to lslpf:a o n
increase in homozygosis, while others speak pf a decrease In ﬁ erozy% -
sis. In reality, they are essentially the same t_hu}g. Crudely put, t ehfi’f:pthe
tion of homozygosis represents the ‘purity of the gmtltle w le the
heterozygosis represents the ‘impurity” of that group. In this context,
group can mean either a line or an entire breed.

Sib mating ) .
sest forms of inbreeding is that of full brothers and sisters;
ggegit'id;z ((:)lfo siblings, or sib mating for short. As the inbreeding mt's1b
mating is intense, easily appreciated apd can be quickly put into p‘:'_ac tlgg,
the consequences of repeated sib mating have been carefully inves :igia'du:
The breeding system is simple enough. It requires that the bt;,)st g v1tlle
als from the same parents are mated. Ihe cats do not have to ed. om
same litter to be considered a sib mating. The result of that breeTull)% 1s5 azn
immediate decrease in the amount of heterozygosis as shown by Table 5. f
The interpretation of Table 5.2 is as follows: after one gem;ratl.(t)n oS
inbreeding, the proportion of heterozygosis 15 75 per cent o_f vg3at i c\zant
before inbreeding began. After two generations, the amount 1s1 per 3
and so on. After 10 generations, the reduction has reached 1 peﬁ' cent.
The figures in the table are those expected, calculated for e:acd gener-
ation starting from scratch. The successive values show that the decrease

Table 5.2 The steady decrease of hete_l'ozygosis
for successive generations of sibs mating

Generation Percentage of heterozygosis

75
63
50
41
33
27
22
17
14
11

9

7
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is a little uneven for the first few generations, but that the ratio of decrease
becomes relatively constant later on.

For- convenience, the initial unsteadiness is usually ignored and a
constant ratio of decrease considered characteristic of this type of inbreed-
ing, sib mating. So, the ratio could be regarded as an average over the
generations and, for sib mating, the ratio is 81 per cent.

This ratio somewhat overstates the decrease for the early generations.
As will be scen later, the ability to describe the intensity of inbreeding by
a simple ratio (an index) has some advantages. This is true particularly
when the relative usefulness of close versus mild inbreeding and other
problems must be discussed.

There is one other system of pairing that has a very similar effect on
heterozygosis to sib mating. This is where certain offspring are chosen to
pair with the younger of its two parents. A given individual is mated twice,
once to its younger parent and once to its own offspring. For example,
suppose the queen was the younger parent, then a suitable son would be
selected as her next stud. From the offspring of this breeding, a daughter
would be chosen to continue the line and so on. The ratio of decrease of
heterozygosis is also about 81 per cent per generation, approximately the
same as for sib mating.

Although the two systems of mating have about the same ratios, they
should not be intermixed if the object of the inbreeding is to bring about
the maximum amount of homozygosis in the shortest time. This is because
when the two systems are intermixed, the ratio is 84 per cent whenever a
changeover is made from one system to the other.

Another system of mating is where a male may be mated to two of his
own half-sisters, who are also full sisters of each other. Three individuals
are involved in each generation and two series of litters.

The procedure is as follows. A male is paired with two females. The
goal is to produce at least two litters, or series of litters, if a wider range
of offspring are desired, provided the same male and female are being
paired. From these litters the breeder chooses the next generation. From
one litter, a male is selected while the other litter contributes the two
females.

The system is self-perpetuating. This is because it should not be diffi-
cult to find two females per generation, while the rearing of two litters (or
sires) allows a wider choice of offspring per generation than is possible
with either sib mating or mating back to the younger parent (one litter or
single series). The ratio of decline of heterozygosis is less than that for the
latter systems but still significant, about 87 per cent.

Closed catteries

The above methods of inbreeding are often referred to as regular, because
the cats are paired according to a set of predetermined rules. However, if
inbreeding is desired, a more flexible system may be desirable. Many
breeders have at least one stud and a number of queens. Inbreeding may
be practiced with these, provided the cattery is closed to outsiders. That
means no new stock is brought in and no queens are sent out for stud
service. The queens and studs for the next generation must be chosen only
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i born within the stud. From here, no specific rules require that
g:(;rtgigtg;rismals be mated to others. This allows the maximum freedom of
p‘rs"lIn‘l:ilsg “closed cattery’ method of breeding is similar to that used by n:lgny
breeders. It differs from other types of inbreeding and 'random breeding
not only in the exclusion of outside influences, but also in that 'thel.'e ;s nc;
overlapping of generations. In this system, each male and hlls;. c:1lr(ce o_
queens are chosen fresh each generation. Tha.t means (hat any flcticrossf
ing of daughter to the father, for example, will resqlt in a retarda 01111 (if
the trend towards homozygosis. In fgenelral, the maﬁngs are between ha

ister if the numbers of males are small. o
br(';‘tll:: rcli)r;gds cattery method will naturally lead to a decline in hﬁterozy-
gosis simply because of the limited aumber of parents w1t_h1n eac dg_enetr-
ation. In fact, the intensity of the inbreeding dupct!y varies accorl mgf o
the number of parents, as shown in Fig. 5.1. This figure gives values o;
the ratio of the decline of heterozygosis for different combmgtlons o
studs and queens. When studying this figure, a clear te_ndency is abppar;
ent. The decline in heterozygosis is appreciable only if the number 12
males and females are kept quite small. From a practical viewpoint, the

Percentage of heterozygosis in closed cattery system

# of #of
Queens - - - — - Studs
1
1 81% 2
2 85% 89% 3
3 86% 91% 92% 4
4 87% 92% 93% 94% 5
5 87% 92% 94% 95% 96% 6
6 87% 92% 94% 95% 96% 96%
7 88% 93% 94% 95% 96% 96%
8 88% 93% 95% 96% 96% 96%
9 88% 93% 95% 96% 96% 97%
10 88% 93% 95% 96% 96% 97%

15 88% 95% 95% 96% 97% 97%

16+ 89% 94% 96% 97% 98% 98%

i i i bers of males and
Fi 5.1 The ratio of decrease of heterozygosis for various num|
feg:::lzs for the closed cattery breeding system. To use, trace across f}'om the number of
queens to the column which has the appropriate number of studs at its head
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number of males is the important item. With one stud and one queen,
the only possibility is sib mating; the figure shows this has the quickest
decline of heterozygosis. With one stud and successive additions of
unrelated queens, the decline can still be relatively rapid up to about six
queens. It is possibly not all that fast for larger numbers of queens. The
situation changes rather abruptly even for the addition of one extra stud
male. The value of the ratio rises until the decline is so small that very
many generations are required to reduce the heterozygosis. In effect, the
degree of inbreeding is then so minuscule that it need scarcely be consid-
ered as such.

The decline of heterozygosis over the generations can be estimated by
successive multiplication of the appropriate ratio for any size of closed
cattery. The use of the ratio slightly over estimates the decline for the first
few generations, but is accurate enough to provide a legitimate compari-
son between catteries of different sizes. For example, the decline for a
typical cattery of one male and five females will go approximately as
follows: after one generation, the amount of heterozygosis is reduced to
87 per cent of what it was formerly; after two generations, the proportion
remaining is 76 per cent (87 per cent times 87 per cent); and after five
generations, it falls to 50 per cent.

Table 5.3 shows the number of generations it takes before a cattery
composed of different numbers of males and females will lose 50 per cent
of the initial level of heterozygosis. The fewer generations required to do
this, the more effective is the system in achieving inbreeding, Sib mating
is obviously the most efficient. However, the effectiveness of the other
systems is inversely related to the number of animals involved. The more
cats involved, the longer it takes to produce significant inbreeding.

Tire fact fhiaf inbreeding can B8 accomplished quickly does GOt ficin

&fm it is necessarily desirable. Fhe question whether or not-te-inbreed cafl
tbe a difficnlt one to answer. Hewever, one thing s cerfaiil;

i a breeder §
ywishes to fomttd AiS owh Hies With s %a Parficular characferistics ,a_m; ~
with uniformity of effspring, somc. measuze of lubreeding fs essential. AY
lygh level of homomypesis carmot be attained in any-other manner. Selet-

tion aleas canmet da this 7

Table 5.3 The number of generations required to halve
the proportion of heterozygosis with various breeding
systems

System Number of generations

Sib mating

1 male and 2 sisters

1 male and 3 females

1 male and 5 females

1 male and 8 females

1 male and many females
2 males and 6 females

2 males and many females
Group of 4 cousins
Group of cousins

—
OWOMNOVUAOARRNWLiaw

jary
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o do this because the parents may be %liktet 1iln

i in type. But the

as the breeder has started by selecting a certain t t
liliatlt):g;?g;;earances will vary, with only the occasional md‘n_'lflual tendlixflig
to resemble both of the parents. Inbreeding is necessary to ‘fix Fhe spccf c
characteristics that are being selected. The appropriate genetic term for
is is ‘fixation’ of genes. ) _ o

thl”i‘ﬁire is little dogbt that inbreeding is valuable in stab_lhzmg the res;llts
of selection. Imbreeding, if any, should be deferred until after the selec-

tive breeding program. As Roy Robinson noted,

“There is something to be said for de.fer}'i_ng inbreeding for alfevtsf gen:rré
ations, largely because the most significant results off selec 1((;);1se e
usually achieved during the early stages. Later, 1t 15 © tehq ;11 case of
consolidating gains and seeking to make .1mprovements which
easily realized. This is where the inbreeding could commence.

Selection may appear t

Differences between alternatives

i ine more
this is not the whole story. It is useful to examine
ggs‘,?la;evrv’hat inbreeding can do. In practice, there are two systemﬁ t&)
consider seriously. These are sib mating and the closed cattery met o};
usually centering on one or two specially chosen stud males in eac
gegga;igzlihg is the most intense form of inbreeding and thus produces
the most rapid increase of homozygosis. From the vxewpomt'of _fu.nng e;
characteristic, it produces the quickest results. However, this ﬁxmfg od
characteristics is double-edged. While it may be desirable to have fixe
articular characteristics, the breeder must remember that once these are
gxed further progress is impossible. The characteristics of thp line are
froze’n in one mold, and further selective breeding will have little or no
t. )
eﬁ;ﬁould the cats of the resulting line be healthy and of a high order t(:f
excellence, the fixation may be considered to be an advantage. Yet t c:
cost of doi’ng this must be carefully considered. No matter how exct?ll_elll
the strain may be, some faults are likely to be present. These faults, visible
or not, are then fixed as well. What happens is that the rapid increase C;n
homoz,ygosis fixes both good and bad points with fine mpgrtlahty.d. n
balance, the good points may predominate, if the prior selective breeding
has alréady picked out the better individuals and these have left their
s the i is h rred less rapidly? In
Now, suppose the increase in homoz gosis has occurred les Iapidly? I
other worgg, #it 7 Ess intense form of inbgeedimng had been edopted] it
woild Ve besm.passible to-do-twe things:
« Emphasize the good fEatilies of the st"fﬁfﬁﬁﬁ‘e;. o
: %gg;ninat]?a g;»eZ;@x number-of-the bad peints before F00 FOch fixation
fhad occurted. / . N |
has to be struck between a rate of increase of homozygosis
theﬁ \]:rziilllartl;‘?ng about the fixation of identifiable des_lrgble traits and ye&
allows time for the elimination of the undesirable. This is where the close
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cattery system has the advantage, because the intensity of inbreeding there
is invariably less rapid and intense than that of sib mating.

In most cases, the closed cattery system of breeding centers around one
or perhaps two males. More than two males may be used, but then the
rate of loss of heterozygosity is very slow; possibly too slow except for
very long term breeding programs. Should one male and a number of
females constitute the cattery, the inbreeding will then be moderately
high, with the actual level being determined by the number of whole
females (Fig. 5.1).

Within each generation, the actual individuals retained for breeding will
be determined both by the method of selection employed (see previous
section) and by the number of females required. A fair number of kittens
should be obtained from each possible pairing of male and female so that
the intensity of selection can be reasonably high. In this way, the two main
factors in cat breeding will be operating at the same time:

* One shaping the general appearance and quality of the line (selection).
¢ 'The other tending to fix these characteristics (controlled inbreeding).

With the closed cattery stud system, the temptation may be to backcross
the daughters to the father, rather than to choose a stud male for the next
generation. The breeders should always resist this temptation, unless the
existing stud male is especially outstanding in a critical respect. If
backerossing is undertaken, then the movement towards homozygosis is
held up, particularly if the backcross occurs during the earlier stages. This,
in turn, could mean a delay in the establishment of the strain by a gener-
ation or two. It is difficult to generalize further in matters like this as the
key to responsible breeding is the ability to be flexible and to knowl-
edgeably balance the results of one process against those of another.

Often it may prove to be impossible to maintain a constant number of
breeding cats in each generation. One kitten may unfortunately die or two
or more kittens may be of such an extraordinarily high standard that the
breeder desires to retain all of them for breeding. Could this have much
of an impact on the movement towards homozygosis? If the numbers do
not vary very much, the answer is no. This can be seen by the roughly
similar values of the percentages given by adjacent entries m Fig. 5.1.

On the other hand, should the numbers of breeding cats in each gener-
ation fluctuate rather widely, then a significant impact must emerge. Over
a series of generations, the smaller numbers have a more than propor-
tionate influence over the larger.

The simplest method of demonstrating the problem would be to obtain
the appropriate ratio for each generation and to multiply these together.
This gives the approximate percentage of remaining heterozygosity. For
example, supposc that over a period of seven generations, a cattery had
consisted of a single male and the following number of females: three,
four, five, six, 10, 12 and 15. The remaining proportion of heterozygosis
would be approximately 39 per cent. The same reduction would also be
achieved by a cattery made up of one male and a constant number of six
females for each of the same number of generations.

The breeder must remember that the difference between repeated sib
mating and the closed cattery is as follows:
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¢ Sib mating leads to rapid fixation of all traits, sometimes so quickly as
to block further progress by selective breeding. ]

e Closed cattery allows greater scope for selection to do its work, but also
requires more generations for the cattery to begin to breed true.

On balance, the close inbreeding of sib mating appears to be too drastic
® {(ne(ﬁttlclaesrisis another aspect of this form of inl?re?d'ing which has not
been considered. Sib mating only reqqires two individuals per genergl;
tion. This means that it may be pqsmble to have more than_onei' si
mating line in the cattery. The keeping of two or more sib mattl)ng épes
has some advantages. The closed cattery system carries the rc:ie :ﬁg
colony along as a whole, with each individual cat tending tov_v;xr St' e
general average. The situation is not the same for a series of sib mating
lines. The rapid approach to complete homozygosis by'such a ;;lrocebss
often induces a greater exposure of latent variation, which can t enh e
seized on by selective breeding. The outcome of this blend of a};:proac es
is to have phenotypic divergence between the inbred lines, where somte
of them may be superior to the general average o_f the cattery. lSomde cta 3
may even emerge as better than the results obtained by the closed stu
sysltteiI;] 'difficult to be certain of the outcomes, of course, but tl}e point to
be made is this: the full benefit of sib mating cannot be realized unless
several lines are bred in parallel. Should one line fall behind the oth?rs 13
overall quality, that line should be closed down. It should then be reg aflf‘
by a division of the best remaining line into two separaie lines. In : is
manner, the number of lines is maintained_ a_t a worl'(al?le level _and se ecli
tion can operate at two levels; between individuals _w1'th1n each line as we
as between lines. While this may sound complex, it is not.

Grading-up and prepotency
The useful process of grading-up by the use of an outstanding stud male
has two facets:

ini ding.
¢ Gaining the genes that make the stud male so outstan .
. Raisingg the average quality of the cattery The hkehhood of success is,
however, dependent upon the degree of homozygosis of the male.

esire to obtain grading-up in this way, breeders often resort to
refl)za?eg backcrossing ofgrfemales. Repeated backcrossing of the females
is a form of inbreeding, as the successive matings are that of daugh'ter,
grand-daughter, great-grand-daughter etc. The repeated backcrossings
alone, however, are not sufficient. The decrease of heterozygosis brought
about in this manner is rapid, but it does not_lead to complete homozyg-
osis unless the stud male is himself already highly }nbred.

Take an example; assume that the stud male is descended frqm zﬁn
inbred line and is, therefore, largely homozygous. The decrease 1111\ ftt e
heterozygosis of the average stock is 50 per cent for each generation. Alter
only a few backcrosses, the offspring should take on some of the _supen(i)r
qualities of the foundation male. Furthermore, should the foundation male

Breeding systems 83

inadvertently die, another male (a son from the same line) could be substi-
tuted and the backcrossing continued.

The limit would be cats resembling the inbred line in many respects. As
selection should also have been in progress at the same time, it is to be
hoped the up-graded cats received most of the finer qualities of the line,
but not the weaker or less desirable. At some stage, before the charac-
teristics of the foundation male have become too fixed, it is useful to
terminate the backcross while simultaneously maintaining or even inten-
sifying the selection.

When the backcrossing is made to a foundation male that is not derived
from an inbred line, the outcome will be different. In appearance, this
foundation male may also be a fine specimen of his breed, but his
heterozygous genotype means that he will not pass these qualities on to
his offspring uniformly.

There will a decrease in heterozygosity as a result of the backcrossing’s
inbreeding, but the limit is 50 per cent of the proportion initially present.
Even this level will not be attained until after a large number of genera-
tions. In the meantime, the male may have died of old age. There is no
male of similar genotype to take his place because he was not from an
inbred strain. At that point, the backcrossing comes to an end.

The value of an outstanding male of heterogeneous origin in this
context thus lies in the genes he may be able to pass on to a few offspring
by chance. It is usually worthwhile to try to capture these genes by sclec-
tive breeding. However, this is far different from the general grading-up
in quality which one might expect from the use of a superior foundation
inbred male. So, the heterozygosis of the non-inbred male would be a
severe stumbling-block to this type of program.

Because the nuances of inbreeding are difficult to fully understand, it
is necessary to issue a warning against a breeding system that might trap
the unwitting into thinking that it also represents grading-up. This is where
a single backeross is made to a superior stud male. From the offspring,
the breeder selects the best son who is used for breeding with the inferior
stock. From among his offspring, still another son is selected, and so on.
This is backcrossing in the wrong direction. Any good points that might
have been gained from the first backcross are rapidly lost.

Prepotency

‘Prepotency’ is a term used to describe the situation when a male, or a
female, possesses the property of producing offspring bearing a strong
resemblance to himself or herself. Males are sometimes referred to in this
way in error, by those who mistakenly think that the male, but not the
female, has an innate propensity in this direction. That is not the situa-
tion; rather males appear to have the characteristic because they have
greater opportunities to reveal this ability. A point that is too often
overlooked is that bad, as well as good, features may be transmitted by
such a cat.

The reason this happens is that the cat has become homozygous for a
single gene, or group of genes, with dominant effects. This may be by
chance, especially if both selection and inbreeding are being employed at
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the time. Should these characteristics be desirable, there is every likeli-
hood that these may become fixed in the cattery’s line as the cats bearing
them are retained for further breeding.

The interesting fact is that the more inbred an individual cat may be,
the more homozygous he or she will be, and the greater the chance that
he or she will display prepotency. This is where the foundation male
from an inbred strain scores over the stud male of heterozygous origin
even should the latter be phenotypically superior. The prepotency may
not be derived entirely from dominance in the case of an inbred male
as he transmits a uniform set of genes in every gamete, whereas the
queens will not. Hence, on average, the offspring will tend to resemble

the male.

Mating like to like and the opposite

The breeding together of cats of similar phenotype is often advocated as
an alternative to inbreeding, particularly with so-called minority breeds.
This is known as breeding or mating ‘like to like’. The usual reason for
undertaking such breedings is a belief that this will lead to fixation of
characters. They do not accomplish fixation. These matings are, however,
valuable for perpetuating a character.

Inbreeding is the only key to character fixation. Inbreeding, coupled
with breeding like to like, is the surest means of securing and then stabi-
lizing a desired degree of intermediate expression. In other words, breed-
ing of like to like is itself a form of selection. As a general policy, breeding
like to like has much to recommend it. In fact, the total score method itself
produces a high proportion of such breedings for the various characters
that contribute towards the score.

The opposite of the like to like breeding is the breeding together of
unlikes. This process is often advanced as a means of compensating for
faults in one cat against those of another cat.[IESh nild be undessioad Tiiat
#ive breeding of cats With similar faulis shoul bé avaided at all costs,
iotherwise ther is a danger of fixation, While this may not necessarily
occur in every case, when there is inbreeding, there is a risk. As some of
the so-called minority breeds are already inbred, fixation is always a
danger with them, regardless of the lack of apparent inbreeding on the
pedigrees.

The total score method undoubtedly causes some breedings of unlikes
but these can be tolerated, unless they recur frequently. If they do, the
breeder should review both the composition of the score (from page 69)
and the genetic behavior of the constituent characters. The latter is recom-
mended as it may be that an inverse relationship (from pages 94 and 116)
has been exposed, in which case improvement in one character can only
be achieved at the expense of another.

The major drawback of breeding unlikes is that it tends to be a negative
policy for breeding. While it may be useful to combat the chance fixation
of faults, it does so at the expense of encouraging heterozygosity. Even if
the bad features have disappeared or are ameliorated in the next genera-
tion, they could still reappear in those following generations. This is
especially true if there has been over-compensation. In over-compensation,
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cats that are exceptionally good or bad in s i
: : 1 ome points are a i
mat]c;h_ed with the intention of producing offsprinéJ with averalg)lejr:IIl)-l:gltler:llz
qualities. The result would then be an otherwise average cat, which still
ma:ﬁests an undesirable character. ’
nyone who looks ahead to later generations should b

) : e able t -
glate the probl'ems which breedings of unlikes to unlikes may gnt(:liallp%leis
orm of breeding should not be viewed as a settled policy, but rather as

an opportune way to handle a diffi ituati
b o Sy cult situation that cannot be resolved

Limits to selection

Itis mlposglb!e to eliminate all variation among cats because a proportion
of that variation is due to non-genetic causes. They are due to idri’os ne-
rasies in the development of the individual cat and/or to environm){ent
Little can be done about idiosyncrasies in the development of an individ-
ual cats but the impacts of the cat’s environment can be miniznized b
providing as constant an environment as possible that is conducive tg
strong and continuous growth. However, even under optimum conditions
it is not alyvays possible to remove all of the genetic variation n t’
achieve a given objective at the first attempt. o
The key to ﬁ)gng an intermediate expression of a character is the
removal of genetic variation. The mating of like to like can make some
cqntnputlon to this end, but that method is relatively slow when compared
w1th.1¥1brge'dmg._C103e inbreeding can reduce the genetic pro; ogtion
provided it is maintained for sufficient generations. Sometimes hgwever’
the progress is not as fast as might be expected or the variation ,still seems’

to be as great as before the inbreedi i
P U el inbreeding began. There may be several possi-

* The genetic proportion of the variation is
T not the same for all charac-
tirs. That means that it may be that the proportion is low for a parti:::-
il} z echiractt'er. Inbreeding reduces this, but the effect may be negligible
ne . . LD
e plgace. ic proportion was not making much of a contribution in the
* The more heterozygous animals are the m
ore healthy and thus th
may be preferably chosen for breeding. That meansythat theuZen:tsif:
portion of the variation may persist. Choosing the less vigorous, but
more h(_)mozygous, cats could lead to a reduction in variation, but ,only
at the risk of the onset of inbreeding depression (from page i14). This
gl :c;ﬁ atnfecegtsary (cl:onsequence of all inbreeding but it is wise to be on
ert for it, and, as importantly, to b
thet con bt et e y. ¢ on the alert for those factors

One of the peculiarities of selecti i
on for extreme expression is that the
thlr;:;% ghenotyflinez ofl sonile traits may remain tantalizingly out of reach
r may find that the breeding program produces the occasi .
t ccasior
ca}s tpat haYe the c]esued characters, but may also find that it is very iiiIflg}
cult, if not impossible, to breed more cats of the same type. There are
several reasons that could be behind this: '
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e The genetic proportion of the variation may be small. If this is the case,
those few individuals that do turn up owe their appearance to non-
genetic causes. Given this, it is not surprising that these cannot be
reproduced by selective breeding.

e If the nature of the non-genetic factor is unknown, the appearance
cannot be produced by manipulation of the environment.

e A rather similar situation can occur when the genetic proportion of the
variation is small. Some progress may occur, but this soon stops and
further selection is unable to produce progress.

Even when the variation is largely genetic, it may still be that the results
fall short of a breeder’s expectation because the genes present in a partic-
ular stock are incapable of producing the extreme phenotype. The cats
actually lack the genetic potential, despite the fact that another line was
able to reach the desired extreme. The solution is relatively straightfor-
ward: introduce genes from the successful line by means of crosses to that
line.

1t is also possible for a line to fail because, though it originally carried
the necessary genes, some became homozygous and others were lost
before they could become combined. Inbreeding can actually bring this
situation into being. Once again, the solution is to outcross to another
successful stud, either by taking a queen to the particular stud male or by
purchase of a suitable cat for the breeding program. Both of these
solutions are themselves forms of grading-up. The breeder takes advan-
tage of the availability of cats that apparently have the necessary genes to
produce the desired phenotype.

Another barrier to selection for extreme expression arises when an
inverse relationship exists between the characters. This subtle phenome-
non can occur, often unexpectedly, in a number of guises. It usually comes
to light because progress with selection in one character can actually hold
back progress in another and vice versa. A hypothetical example may help
illustrate the problem. Suppose a breeder of longhairs is selecting simul-
taneously for very long hair fibers, especially in the undercoat and also
for density of the fur coat. The breeder may find, over a period of time,
that those cats with good long coats appear to lack density while those
with dense coats usually appear to be lacking length. It does not seem
possible to combine the two characters. Though such a situation may not
exist, this example illustrates the principle of inversity between two
separate characters.

Whenever any such inverse relationship is encountered, it usually means
that a third character is mediating the other two. The breeder must first
try to establish whether or not the inversity actually exists. In the above
hypothetical example, the extra flexibility of the coat in the very long
haired cats may produce the illusion of a lack of density. Or, the long hair
fibers may only be produced at the expense of fiber thickness, which again
results in the illusion of lack of density. In both cases, the number of fibers
per square inch of skin, the usual measure of density, may actually be
unaffected.

Assuming that the lack of density is not merely an illusion, the increase
in hair length may only occur at the expense of number of hairs for a given
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skin area. This could happen if the su; i
n i pply of hair substance, a kerati
Er:lcl:ursqr, for example,.was limited. Fiber length could only then incil;aaat;g
ere 1s a corresponding reduction in number of hairs. In these circum-
staricc:les, an increase in hair length, with no reduction in number of hairs
cou tfcarcely be accomplished except by a greater supply of hair build-
i)l;g Zlithitflll‘l?i'r’g})ls mlay ncl)lt be f‘:iasily achieved by breeding selection based
_ fiber length or density. This is because changes in a k
}éalti 1Ihe keratm.subs.tance, only subject to indirect selection (%n botﬁ h:i¥
brt;gEdinagnsdelgggilty sunl;lltanef)u(sil)é), are usually more intractable than if
n can be applied directly. It sh
abl(;ve example is fictitious. y. It should be noted that that the
inally, limited progress may be made becau: i
I T D : se the selective breeding i
belmg.slopplly or inconsistently applied. While half-hearted attem;:lsg ;i
Is; oegatxlbolré rglayi It)1r10du§e positive results of a sort, in the long run, it is more
e that they do not. Or, the achievement of imy rovem;:nt i
gene;atl_on may be fri_ttered away in the next. Illogicgl changes l11111 CZE:
e}np asis on the_selectlon of different characters could quickly undo years
0 car‘eful sglectlon. If the total score method is used, it may be that the
sco(r;. itself is badly constructed, either for the characters considered, their
grading or their weighting. These items should be checked. ’
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Technical appendices

A: Working ratios of declines in heterozygosis

Working ratios of declines in heterozygosis are as follows:

+ Sib mating 81 per cent
- Offspring to younger parent 81 per cent
. ShiftfromAtoBorBtoA 84 per cent
« Male to two-half sisters 87 per cent

The ratio of decline of heterozygosis that has been calculated for various
systems of inbreeding should not be taken too literally:

« The ratio is quite general in that it is independent of the initial propor-
tion of heterozygosis and the total number of genes, for most practical
purposes.

« The ratio applies most accurately to autosomal genes but less accurately
to sex-linked genes. However, for some breeding systems, the ratio is
similar for both sets of genes and, in others, the discrepancy is smail.
As sex-linked genes are in a minority, the error is negligible, unless the
inbreeding is continued for a very long period. This is an unlikely
prospect as it is also undesirable.

» A discrepancy could arise from selective breeding favoring the -most
vigorous and healthy animals as this may select out the mare heterozy-
gous individuals. As a result, the movement towards homozygosity may
not be as rapid as the calculated ratio would indicate. However, only in
rare and exceptional circumstances would a large difference emerge. The
ratio may be regarded as a useful index to the amount of inbreeding
which is taking place.

« The ratio states the degree of change from the original start of the breed-
ing program. Thus, if the program began with pedigreed cats, it is start-
ing with cats that are, to one degree or another, inbred already.

This same system can be used to evaluate how quickly any size cattery
will lose a fixed percentage of its initial heterozygosis.

B: Calculating the decline in heterozygosity

Should the need arise to calculate the ratio of decline of heterozygosity
more exactly than that given in figures or tables in this chapter, or for
numbers of males and females not shown, the following formula shouid

be used:
Ratio = 1% [1 - 2A + V(4A? + 1)]

where A = (M + F)/8MF and M = number of males and F = number of
females. If the number of generations to reduce the initial heterozygosis by
half is required for this ratio, the following should be used:

Number of generations = 0.301/log(ratio)-1

Chapter 6
Breeding practices

The meaning of lines
nge pools
Ehm.ination of anomalies
Persistence of anomalies
Zetémical appendices
: Case study ~ head conformati i
B R C rmation and bite

The meaning of lines

yailny breeders, at some time in their career, may feel that they would like
a(l)l bage (;1 line of thexlr own. But what is a line (or strain)? In the Cat Fancy
all by eders may register a catiery name. They then register all kittens that’
_born to preymusly registered parents under that cattery name. The
regltstay process mtroduqes a small degree of control and helps ensuré that
:, lIs1 u C?I'fh pe_comes widely known when its descendants are regular
ners. This is turn may generate a demand for kittens and for stud
serovwe 1o queens from other catteries. e
ver time, a certain amount of inbreeding may occur within the ki
hf’rx(l)m the particular cattery, so that it may be légit}ilmate to speak of akl;afgg
e, the original source of the term ‘line’. Eventually, the word may b
applied in a more general sense to all of the cats bred within the cat}; y
an%fr from purchased cats not too many generations removed -
o te: ;:es:cllt is that the terms ‘!me" or ‘strain’ are often used rather loosely
T Slnsz’l rrgg‘sl‘;atzf;ertlr;(; nfldlcatcfi a reltz}tionship rather than anything
- T : ! or a line of ancestry tracing bac
exceptional animal or lineage of exceptional cats. Crgllateralgdesceﬁtt?s Zg
important aspect of true blood lines, when breeders seek to show that
certain cats are related via a remote, but common, ancestor !

When planning a breedin i
a b g program, breeders must realize that d i
on the good traits in a cat also results in doubling the defectfs‘l. oubling

Kitty Angell, Scottish Fold breeder and cat show judge,
Angell (1996)

Some in the cat fancy hold blood lines in high regard, particul

g}ltstcziniglmg cats feature prominently in theg ped%grer’:.pHowelsélry :ggg

hoo lines are not the same as genetic worth. This is because (’:ats of
c amp10n§h1p or g.rand championship status may still produce mediocre
or downright inferior kittens. To the breeder, this means both that the
appearance of the cat should always be a primary consideration in acquir-
ing a cat and that care must always be taken to examine the pedigree of
such a cat with a critical eye. This is especially true when champions and
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grand champions are absent from one side of the pi;lligree, 1odr 31?1 ilz(;i :(;;:11;1;
i i first case, this cou
in the more recent generations. In the R | ind
i i the second case, it might mean

ome grading-up has been taking place. In : it
:hat tt%; catt%ryphas not been faring very well recently in competition or

not been in active competition at all. e
ha;n cat breeding, therefore, the designation ‘stramn’ Or line sh?(ul(é 1;(:’;
be lightly granted. Ideally, it should be Hm{ted to describing a stock 0 t’f
of distinctive, if not truly exceptional merit. It s_:hould represent a ca delt'y
of relatively true breeding cats that possess umque features that ten h'?
make them stand out as a group. This reputation 1s not atheved o(\l/jermg d
Ratber, it is the result of years of unremitting, selective brfee;i ling an
resultaﬁt wins in competition. However, fox"j the pﬁr[:c;feseobeeﬁc;s;gg

i i 1y related cats that hav

breeding practices, a group of closely re : have Do o

several generations, that is beyond five or six gener , ilso
gifa]ify as agline or stain. This is true even if the cats are not of particu

te in other respects. )

1ar’II'111(c:, founding of apline or strain of elite, healthy cats should be the gq?l
of all responsible breeders. Not every breeder may have t.he ogpogtunélz
to do so, nor will every breeder who attempts to accomplish this be a

to succeed.

Gene pools

i her together is ‘gene
ften bandied about when cat breeders gat ) :
gogl:’r.néozne people probably wonder wpat that terrphpilelmsely énﬁza(l:losl.lgi
robably guess, it has something to do with the gem 1
?lilt?orr?i)yf It,he indi}:li%iual cat. More exactly, it has to do with the genetic
ituti f a group of individual cats. N
co%sotl;ma?'izz gChaII:ters 1-4, genes are minute entities on the chro%?—
somes that determine the growth and eventqaldgpgearlarige (;{1 ;hgecrellé.s ari
es are present in pairs in the individual. AS es ar
gg—g}e}? Sa(inslpeciﬁc ;I:oints on the chromosomes, it folflqwg. tp[;lt tlh:ailslcgzg-
t has two of each specific gene. If a group of ndividua s has,
2-:; l—ciil m?mber, then the sum total of specific genes is 2n. The term ‘gene
v tes this number. ) ) ) -
po%edggscept of the gene pool is usually discussed in relation to spec1cf11c
cat breeds, particularly with respect 10 the pumgncglly_smaller bree aﬁi
known to breeders as ‘minority breeds’. The implication is that too (sjm 1
a gene pool is undesirable, or even potentially worse, 18 actually eltirl-
mental. The reasoning behind the belief is that a small gene pool implies
an absénce of genetic variability that is essential for successful selective
brféi?lllr;gbreeders might think that if the breed has fit.tained a high delglrec-;
of perfection this is not necessarily bad. The individual cats z:lr_e a bot
excellent quality. However, suppose the cats are not outstanding, bu
rather downright mediocre? What if they are of excellent type, bu(;_carry
with them a hereditary disease or defect, such as polycystlc kldney isease
(PKD)? It will then be difficult, if not impossible, to bring about any

improvement.
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So the concept of the gene pool is rather abstract. It is useful, however,
for focusing attention on the impact of a limited number of breeding cats.
The effective breeding population is always less than the population at
large. The effective breeding population is the number of individual cats
that actually contribute descendants in the next generation. For example,
a pair of cats may produce several litters of kittens over a number of years.
But not all of these are necessarily added to the effective breeding popula-
tion. Some may dic before reaching breeding age and others may spend
their lives as altered, and therefore non-reproductive, but well loved, pets.

To illustrate this concept, suppose a specific pair of cats has produced
four litters of six kittens, for a total of 24 kittens. It only requires that the
breeder retain two kittens for breeding, replacing the now-altered parents,
for the breeding population to be stable. Any number beyond those two
implies that the breeding population is increasing in size. While the total
population for the new generation is 24, the effective breeding population
(EF) is almost always less. For the population to be stationary, the EF is
two; even if the EF doubled, the number only has to grow to four.
However, in this case, doubling the size of the EF does not equate to
enhanced genetic diversity. Breeders may not readily appreciate the

relative smallness of these figures if the generation interval is spread over
several years.

People concerned with the long term well-being of breeds that are small
in effective population numbers have some justification for their concerns.
The reason is that the limited number of whole cats brings about unavoid-
able increases in inbreeding. To have this occur, the inbreeding need not be
close. Indeed, breeders may be carefully secking to avoid close inbreeding.
Inbreeding still arises because of the mating of collaterally related cats — cats
that share common ancestors in the not too distant past.

The common practice of almost everyone rushing to breed to the
currently popular male show champion [dog] is probably the most
significant factor reducing whatever diversity remains [after working with
small numbers of breeding animals].

John Armstrong, dog fancier

A little analysis of numbers proves this. For an individual cat to be truly
non-inbred, all of the ancestors must be different. Yet this is essentially
impossible, because the number of different ancestors double for each
generation studied. The number of ancestors in each generation begins
small enough — two, four, eight, 16 . . . for the first four generations — but
the number soon becomes very large indeed. At the twelfth generation,
for example this would require 4096 completely different ancestors to be
able to say that the cat is not inbred that far back. Therefore, it can quickly
be seen that for virtually every pedigreed cat, any individual cat must
almost certainly have some common ancestors on both sides of the
pedigree — if a breeder will just go back far enough. This occurs more
quickly in so-called minority breeds.

This inbreeding is not necessarily detrimental. As discussed in Chapter
7, the negative impact of inbreeding depends on factors such as how many
common ancestors there are and on how frequently these recur. The
potentially ill-effects of inbreeding depend both on its intensity and on
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i tinues. If a breed is small in total pumbers, the 11_1bree('11ng'
lrlr;)z;; lbc:anfvé;lg?‘gut it will still be continuous. Therefo_re, the qgeEUOn arlsets(;
at what level can inbreeding be tolerated? There is no quic 1%(rtllswerore
this question as it is probable that some breed_s can tolerate abl ((:i mS re
than others. Please note here it is breeds, not lines. B1_1t if the lirlt:e ‘eralso
a line of cats within a particular breed' res1.stt %utcr(ci)sssmg, that line is

e rules which impact minority breeds. )
go)fri(r)l::l;ie? };::iltlical factor is thepnumber and severity of the deleﬁe?ou:
polygenes latent in the particular breed. It is these polygenes : g v;:h
responsible for the decline in health and vigor commonly associate
inbreedi e page 114). o ) .
ml?l{l?:ilgt%nii tg iI%breed)ing depression (as this decline is called%}:s peg;:;
tent and consistent selection against weak cats. Wgak cats are t?se {hat
may carry with them any inheritable. .defect or disease, no mfa elr t?v v
excellent they may be in other qualities. With most forms 11o se ?jcand
breeding described in Chapter 5, the breeder has to balance the goo nd
bad points against each other, but s_hopld never‘make a C(_)mp;lc;mls:ts g
indifferent health. There is no merit in producing championship 1(): .
these or their descendants tend to succumb to illness or be poor bre

ers, due to inbreeding depression.

Elimination of anomalies

i i that undesirable genetic
While every breeder of pedigree cats agrees 1 .
anomalies g‘mst be eliminated, they appear to persist tenaciously. The
reason for this is twofold:

on the surface.
e First, the problem can be more complex than appears _
e Second tlrl)e remedy may demand more drastic action than is accept-

able.

i i i dures should be followed
Different problems arise and different procedur ¢
according fo the known or assumed mode of mheqtance. ’I.’hat is, whethc?r
the anomaly displays dominant, recessive monogenic heredity or polygenic
heredity. - l ;
i hat kill us and our
Simply put, there are a vast number of things U
a;irza};s,Pand we do not know where they come from. We have a vague
idea of how they work, or a good idea of how they do damage (not the
same thing). Gene mapping is a start, but a small one. That we know
how to identify the gene that causes a heritable problem does not mean
that we’ll wipe out that anomaly by testing and avoiding a breeding of

jers. . ni
U¥o Carrie Gene Rankin, Abyssinian breeder

ing to eliminatc an evident anomaly, the rqsponmble
br?:cggesht;ziggtake time to be certain tI}at the problem is m_f_act ﬁn
anomaly. Some problems which are cnvu'c_mmentally or nutll'ltlo?iihiysf
based can appear to be the result of anomalies. A gpod examp g o e
is cardiomyopathy. An inheritable problem, not limited (tio any hl;feféar
presents as significant physical damage to the heart. Breeders rightly
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its occurrence in their lines. But they and their veterinarians often forget
to inquire into other causes which may present in a similar manner.
Toxoplasmosis, a disease generally associated with eating infected raw
meat containing an intracellular parasite, can also occasionally present
in a manner similar to cardiomyopathy.

Dominant monegenic heredity

When an inherited disorder caused by a single dominant gene is passed
on it is known as dominant monogenic heredity. When the disorder is
obvious at birth or is constantly seen in the progeny of a particular breed-
ing pair of cats there is no problem in eliminating it. However, it is not
always that casy. For example, the affliction may not be evident until later
in life when the cat has been breeding for some time.

Theoretically, all dominant monogenic anomalies could be eliminated if
every descendant of every afflicted cat was prevented from breeding. This
would be drastic action indeed when it is considered that about 50 per
cent of the animal’s descendants are free of the anomaly. Unfortunately,
the price to be paid is that the other SO per cent hand on the anomaly
until they are eventually detected. An example of this type of anomaly in
the cat is progressive retinal atrophy which ultimately results in blindness.
The late onset of this affliction means that the animal may have bred
before the first symptoms are noticed.

Recessive monogenic heredity

With recessive monogenic heredity, the problem is in the detection of the
heterozygote or ‘carrier’. The carrier cat is not evident by clinical signs
but appears fully normal. The detection lies in either one of two ways.
The older method of detecting carriers was that of test mating. Test
mating is accomplished by actually breeding suspected carrier cats to
known affected cats and checking the resulting litter. Obviously this can
only be accomplished if the anomaly does not interfere with reproduction.
If a sufficient number of normal kittens are produced, without the appear-
ance of a single anomalous kitten, then the cat may be judged not to be
a carrier. The number of kittens to be bred in each test depends upon the
level of acceptable error. It may be that a carrier animal could produce
entirely normal young by chance but the chance of this happening
becomes smaller as the number of kittens increases.

Test mating of severely affected cats was practiced in the past but
with the advent of more sophistication in testing, it is no longer neces-
sary and is considered to be irresponsible. In all methods of test mating,
the resulting kittens may well be affected by the genetic anomaly for
which you are checking. This, obviously, results in ill kittens or in
kittens who will grow to become ill cats. Breeders of pedigreed cats do
not breed for cats who will be ill or affected by genetic anomalies.
However, many ethical breeders find they are producing kittens who
have genetic anomalies because they are practicing inbreeding. In fact,
the first time a genetic anomaly may be discovered is when inbreeding
is practiced.
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Polygenic heredity

o main types of anomaly with polygenic heredity. The first is
g&?&]ﬁgewtvhe severgg of the anomaly is vgriable because of thﬁ effecti
of different numbers of genes. This implies that culling of the ntosf
affected animals will bring about a gradual improvement. The eﬁtel; 01
the improvement and the rate at which it occurs depend upor;! t e1 iyee
of culling. In general, the more ruthless the culling, the greater the ;e ah!vh
improvement. There are various complicating factors, of cour_se;ﬂo W] h;gh
the most important is that certain of the mildly affected aman ;E wh
are not culled, are capable of producing severely affecte c()1 gprhmng.
Against this is the fact that the average level of severity should decline

ion of selection. .
pe%gnsfféﬁ type of polygenic trait is w'here_tl'{e anpmaly is due to a
threshold effect. Despite the underlying polygenic inheritance, the ca:ls ta;e
either normal or abnormal. The degree of abnormality may vary an : is
may be polygenically determined but the normals are fully normal in

appearance.

Persistence of anomalies

i ist in spite of proper,
How does the odd genetic anomaly appgrently persis
responsible breeding techniques and patient selectlop? The answer must
be sought among a variety of causes, several of wh_lch may combine to
reinforce one another. Genes producing anomalies cannot multiply
throughout a breed on their own but they are opportunistic to the extreme
in the sense that given favorable circumstances, they can spread surpris-
ingly. o
} i it i tively easy
As PKD is the result of an autosomal dominant gene, it is rela :
tostrack and eliminate....The quickest way to eliminate the problem is ;Lo
neuter or spay those individuals [who show the presence of cysts on the
kidney]. )
l Da)\,r]id Biller, DVM, DACVR, Stephen DiBartola, DVM DACVIM

i hers.
i J. Lagerwerf, RVI, RLAT, AHT, veterinary researc
and Wil # Biller, DiBartola and Lagerwerf (1998)

j ctor in the spread of an anomaly is a relaxation of culling.
Th?g g?ﬂl%rrgikely to occurr) when a breed becomes exceptionally pcl)(PI:lar.
When this happens, breeding stock is scarce and tl}e demand for ltth ens
is high. The temptation is to breed.from every _ammal, even frhoim ose
which would normally not be used in the breeding program. This means
that ‘inferior’ (from a show standards point of we\y) animals can pass t(l)ln
their less than perfect qualities, even if an effort is made to secure le:
services of a good sire. The practice of selling unneutered kittens to pecl)ip e
who promise not to breed them is scarcely a sound long-temé pot cy.
Under pressure, the promise may be convemt?ntly forgotten. US veteri-
narians have studied the effects of ‘early’ altering (spaying and neuti?frmtg
at three months of age) and have found no long lasting deleterlousfe ects
on the cats. Reassured by this study, many US breeders now refuse to
release such an unaltered kitten from their cattery.
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Instances are-known where a much admired and widely used stud
animal has subsequently been found to be a carrier of a recessive anomaly.
This was, of course, unknown at the time he was siring but becomes only
too apparent after his offspring have multiplied and spread throughout the
breed. Inbreeding, however distantly, ultimately brings into being a rash
of occurrences of the same anomaly. Breeders may suddenly find
themselves confronted with the twin problems of preserving the reputa-
tion of the breed and of eliminating the gene causing the anomaly. This
process is often behind the so-called mutant ‘epidemics’.

But it is also true that none of this will do us any good unless we
change our whole approach to breeding by stopping ‘keyholing’
practices of breeding most of a generation’s females into just a handful
of males each generation. The breeders who are in favor of the
outcross proposal, are united in trying to keep the breed’s diversity
intact by utilizing many different pairings for their males and females.
We are carefully mentoring new breeders to be aware of these
problems and to use genetic conservation practices for breeding
Havana Browns.

Candice Massey, Havana Brown breeder

A feature of this event is that the appearance of the first anomaly is
usually delayed for several generations from the ancestral point of origin
and that many years of effort are required to cither eliminate the
anomaly or to reduce it to such a low level that it is no longer a problem.
Chance plays a major role in determining the type of defect which could
be unwittingly spread in this manner, and the breed in which the process
occurred. On the other hand, it may occur in any breed and at any time.
These situations have taught us not to place too much reliance upon one
or a few exemplary sires. The process is usually mediated via the male as
the female cannot produce enough offspring to influence the course of
events.

Even in more normal periods of breeding where supply of kittens is
roughly geared to demand, a particular defect may seem to strangely
persist. Two possibilities may account for this. One is that the amount of
culling may be reduced to a minimum because of a deliberate policy of
not breeding more kittens than necessary to cover replacements and sales.
The other is that of heterosis or hybrid vigor. Generalizing, there is a
correlation between healthy vigor and the amount of genetic heterozy-
gosity. It may be that when the amount of heterozygosity falls below a
certain level, so-called ‘inbreeding depression’ sets in. These animals
appear sickly and weak and:are culled. However, their more robust but
heterozygous siblings are retained. Included among these may be carriers
of a recessive anomaly.

Of course, should the gene producing the anomaly be associated with
extra vigor when heterozygous, which is possible but not always likely, a
ready answer is available for the persistence or even spread of the gene
responsible.

A similar situation may arise in those circumstances where a breed
standard encourages the breeding of a certain type of defective animal.
The rise of the defect is inadvertent, of course, and may take many years
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to become a part of the way the breed looks. Even if the dgfee:‘:oﬁ
condemned, and it generally is, it recurs because breeders are ¢ avor
ing to conform to the standard. A conflict situation may ‘c(ajven comsever_
being. As the breed moves closer to the standard, the inci dex;ce o)r(am le
ity of the defect may become greater. It has been suggeste Y I?r e_an_tp >
that the sinus ailment and running eyes of some Persian an 61'51f se}g; °
cats such as Himalayans and Exotic Shorthairs is a consequence l())reed A
tive breeding for a short nose and flat face. In the Burmsset.orl of’ 2
preference for a distinct head tyge Elesfu“ft(’i é:nat;h\?v i&eﬁsuﬁeg iy
i wn as the ‘Burmese head fault’. ] 5
alllrléatvlg:reknhoeterozygous for this defect (See Technical Appendix to

11 : - . .
Chlgli)ftfzrrent) registering bodies of the cat fancy will ultimately deal with the

issue of health and breeding:

e In the US, the Cat Fanciers Association (CFA) has created ar)\ ovetrzli
standard which every cat, no matter wl}at breed, must meet. tca o
kitten at a CFA show must reach this standard in addition to
specific standard for its breed. This standard states: o soual

“Though individual breed standards sometimes describe un ual
physical traits, the ideal show cat is free of any cl;aractel:lstlc;, eﬁgg e
ated or otherwise, which cause discomfort or jeopardize health a

® Y[V‘li]é lrjrf;;logr registering body in the UK, the Governing Cm:inctﬂ %f tl(lle;
Cat Fancy (GCCF), has also taken steps to ensure that breed standar s
do not describe unfit animals. For instance, Longhairs (Perzlaﬁs) a.re
not allowed to have nose leather higher than the bottom of i z eyﬂ;
This is an effort to prevent health problems that may be associated wi
¢ ’ cats. . ]

. Izveggrp::e,cFIFe (Federation Intenllat\ior_lale Fel‘me), the prlmgrz
registry, has taken a public position vis-a-vis preedmg prac}tllces anll)
specific health problem, polycystic kidney disease (see C apjterd b-
FiFe recommends that breeders should have .theq cats examine Thz
ultrasound to find out if they have polycystic kidney dl'fieall)se. e
position holds that generally speaking breeders should avoid breeding
from those cats with the disease.

When such criteria, particularly those aimed at partl_cular t;})]hyswzﬁ
characteristics, are based on substantive research and experience, eyt iC:n
serve to advance the health and welfare of the breed(s) in tques .
However, there is always the danger that such pronounce;lmen s111 c;laI;l e
based more on speculation than on science. In such cases, they wi
advance the health and well-being of pedigree cats.
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Technical appendices

A: Case study — head conformation and bite

The conformation of the head is an important feature of the makeup of
competition cats. So important is the shape of the head that the profile is
a major characteristic of many breeds. The conformation is primarily deter-
mined by the dimensions of the individual bones making up the skull.
These in turn are fashioned by the genetically controlled growth processes,
initiated during fetal development and continuing right through to
maturity.

That heredity is an important factor is shown by the fact that most
breeds, by and large, reproduce kittens which mature to conform with the
breed standard. One has only to compare the head shape of a Persian cat
with that of the Siamese to appreciate the extent of the differences which
exist. This comparison is significant because it probably represents the
extremes of skull variation in the cat.

There is some variation between individuals, and this is to be expected,
due to accidents of growth, diet and minor iliness. However, the charac-
teristic head conformation is primarily the outcome of many decades of
selective breeding. The effects of selective breeding have resulted in
modification of the individual skull bones, especially those nasal and
frontal bones governing nose shape and the jaw. Breeding for an exces-
sively short nose or a very prominent nasal depression (or ‘stop’) can inter-
fere with normal breathing. The nasal passages could be partially
obstructed which could induce labored breathing, particularly under stress-
ful conditions. It is not uncommon for the tear ducts to become narrowed
or blocked, resulting not only in an unsightly ‘running’ eye, but more
seriously, in infection.

No one can realistically dispute that sound mouths are very important
for the well-being of the cat. It only requires a small modification of growth
processes to induce detrimental changes in the relative length of the jaws,
positioning of the teeth and how these meet when the mouth is closed.
Various degrees of bite may be recognized, depending on subtle changes
in growth. If terms may be borrowed from the dog fancy, the bite may be
said to be overshot, scissor, level, reverse scissor and undershot, depend-
ing upon the extent to which the upper jaw is longer, the same length or
shorter than the lower.

The normal bite is where the prominent upper jaw incisor teeth are
positioned, immediately behind the lower incisors when the mouth is
closed. The frontal teeth should be scissor or level. When an obvious
gap exists between the teeth, there is cause for concern. Both the
overshot and undershot jaws are generally held to be undesirable. Bite
is determined by the relative length of the upper and lower jaws. One

can gain some idea of this by examining the general profile of the cat.
For instance, selection for a short nose could easily upset the delicate
balance of growth gradients and cause an undershot bite, On the other
hand, selection for an elongated head could encourage the overshot
bite.

Differences in bite is part of the usual variation of the bones of the skull
and in that sense is not exceptional. It is possible that the jaw bones - the
maxillae and the mandible - are more prone to variation than other bones,
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but it may be that bite has emerged as a problem because it is more
detectable. It is doubtful if a major gene is involved in the production of
either undershot or overshot bite. This is not to say that a mutant gene for
a jaw anomaly could not arise at any time in any breed but that does not
seem likely at this point. Generally, the genetic aspect is almost certainly
polygenic. That is, numerous genes with minor effects are controlling the
shape of the bones. As an abnormal bite is often a case of either being
present or absent, the condition could be due to the threshold heredity
which can mimic the assortment of a major gene but is still polygenic at
root.

Abnormal bite, in the sense of an imperfect alignment of the teeth is
just one of several mouth problems which may occur. In addition, mouth
problems include narrow or twisted jaw and abnormal angulation of the
incisors. Teeth which are underdeveloped or missing are also a concern.
The only means of dealing with the probiem of incorrect bite is by contin-
uous selection of sound animals for breeding purposes. The occurrence
of an odd individual with the incorrect bite could be due to vagaries of
fetal development. If a number of cases recur, serious attention should be
given to the diet and husbandry techniques. if the diet is nutritionally
sound and the husbandry is acceptable, the breeder should remove the
cats who have produced kittens with incorrect bites from the breeding
program. Selective breeding for perfect mouths may be ‘hard’ or ‘soft’.
Hard. selection is where any individual with poor bite is immediately
rejected from breeding, regardless of the severity of the anomaly or any
excellent compensating qualities the cat may possess. Soft selection is
jess stringent. With soft selection, the breeder takes into account the
severity of the condition and this is then balanced against other qualities
of the cat. But breeders must remember that if the anomaly is really
severe, there can be no compensating factors. Even if the proposed
partner in the mating is excellent and all of that cats’ offspring have
normal mouths, the partner could be a genetic carrier of mouth deformi-
ties and could transmit the defect to future generations.

If the breeder is using the recommended scoring method of selection,
the mouth can be one of the aspects on that scoring. This means that the
mouth will now be considered as a matter of course as the future breed-
ing stock is assessed. If the condition is a problem, the breeder must treat
it as important and allocate a high weight in the scoring system, perhaps
even higher than the breed standard itself assigns to it.

Despite an avoidance of close inbreeding, many breeds of cats are inbred
to some extent. Indeed it cannot be avoided if the breed is to be composed
of a homogeneous group of animals of recognized breed conformation. In
this sense, it is desirable. On the other hand, inbreeding is more conducive
to bringing out the latent anomalies in comparison with a truly random
breeding population. Therefore, while anomalies are likely to appear in both
pedigree and random bred cats, their presence is more likely to be discov-
ered by inbreeding.

It is extremely unwise to breed from animals with inherited
defects which have been surgically corrected. Even if the defect is
relatively minor, it could reappear in later generations in an aggravated form.
This aspect is probably diminishing in importance as it becomes more widely
appreciated that, while such surgical intervention may be desirable for the
individual cat, the genes for the defect are still transmitted in the gametes,

surgery or no surgery.

Breeding practices 99
B: Record keeping

Purposes

A simple, but efficient s ing i
ple, ystem of record keeping is vital to advanci
c¢in
:)erteeenciligg. ZP?eT':b(::f succezsful cat breeding depends on the generationg a(::]dt
iable records and then on the use to which
Unfortunately, for many cat breed o o o 2T put
ately, ers, they often put off
date, writing up of breedin i i 5 o oo e
. W g results, including notes on the
each kitten. While this is understandable, i e oy
‘ | _ e, it cannot be justified in
responsible breeding program. Fortunatel jori fory
s . y. the majority of cat breed
appreciate the value of record keepin is i i “being
g. This is true even if th d i
kept are the most basic, such as o Birthe s o1
€ , a lo i i
£ Tutor D g of past breedings and births as an
Record keeping in cat breeding fuifils three functions:

. :: Sresg;ts _ar; accurate record of familial relationships

. rovides information upon the phenotypical ch risti
. a :
ing perfoarmance of each cat. YP racteristics and breed

» It is a source of data th
o 2 s at breeders can use to help make future

It is easier to outlin ini
;s gl?:d?; eta:y t?l set a?w tSSpr:rl r::rnr:::m Cﬁegﬂstift?:;o?'sglgeg)inzei: enp;& ?cl: tbi(:
amount c;f inioc:'n?:ggnr:e:)hrgggesrhghu;ﬁIg eccflll':cptlz e aohor hand the
gllseob‘;zz:i:gs ;Z:r?g’;[:]a::) :2:; ;pe ::at breeder has setef%(in:i;gglfﬂ; rrl]:::;ﬁ‘. E:I
bmr:;aig?\risé :)g)igioir:,se r\:vill ?(iffAerso: mhgsvrarrglzcgn?: np:rrzgl:\'gare;?:;;eg?eitri‘fga:
much data as p%ssible?suﬁdesr ?wrglgar?gi",r\ilgxgl 18 SEVIESSEE I fRcord 68

: It appears to have potential value to the breeder.
It does not make the whole process too burdensome.

Traditionally, only on is i
Jracitiona y y one place brought together ail of this information: the
neﬁ:|3nfezlomrg.the sﬂ.ld ?o?lk was quite literally that — a bound book, perma-
t ing all of the critical data concerning the b in
pedigrees and related matters. Even toda j ogistri b st
X Yy, major registries publish stud
it:xogotsr'it'n::(;‘llvz‘;g’ th::j cat preeder can now consider other optionF; for collect-
and maintaining it for future use, particularly c
] b omputer
programs. While computer programs for cattery manameentpand

pedigrees are increasingl !
e gly a cat breeder's tool, they have several

* They are not all compati ing i
patible, so that sharing information am
; | ong breed-
4LajrsI or between breeder§ and registries is-not always easy. 9 breed
n_esslthe cat breedgr is very careful about backing up computer files
3V2|ar?pdeterrgr czn wipe out years of accumulated data '
ata breeders record are driven by what th Josi
> > e designers of
software have decided is useful. It is not easy, or even possgible in somz
cases, for users to modify this software.
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For simplicity, however, the cat breeder's records, in whatever form, are
referred to here as the stud book.

Basic record-keeping principles

Identification
it is essential that each cat should be individually and readily identifiable

once it has been entered in the stud book. When a cattery has only a few
breeding queens and all of the queens are seen daily, many breeders
might question whether or not a means of individual identification is
really necessary. While it does not seem necessary, experience shows
that you can never rule out a mistake. Remember, it is not always possi-
ble for the owner of the cats to be present to identify them. For example,
what if a stud male gets loose while an assistant or cat sitter is cleaning
a cage? Do we really expect the assistant to be able to identify the partic-
ular sable Burmese female whom the male mounted before being recap-
tured? What happens if the breeder becomes incapacitated and someone
else must manage the cattery or even liquidate it without the breeder’'s
assistance?

With a larger cattery where new litters of kittens may be frequently arriv-
ing during the peak of a breeding season, reliable methods of clear identi-
fication are clearly desirable. While the use of collars has been common in
the past, there are good reasons why they are no longer desirable.

« First, if a collar comes off, there must be another way for someone to
identify which cat was wearing it.

« Second, collars can be very dangerous. If they become loose, they can
pose a danger to the cat wearing it. Collars can catch an open jaw and
dislocate it, or worse, can quickly strangle a cat jumping down to the

ground.
« Third, collars cannot be used for very young kittens, where identification

may be critical.

What other options are available? There are many options. Basically, they
fall into two groups: permanent and temporary.

Permanent identification is usually most effective in cases where a third
party might have to have to identify the cat. The most common methods
available are tattooing and chipping.

Tattooing involves placing a permanent identification name, number or
code somewhere on the cat. The benefits are that this is permanent and that
any efforts to change it will be clearly detected. However, because it is
permanent, some registries do not permit cats being shown to have them.
For breeders involved with these registries, tattooing is limited to cats not
being shown, or to those no longer being shown. The custom is that the cat
is tattooed on the inside of a leg. That means that, for longhaired breeds,
the cat may have to be shaved to see the tattoo. That in turn means it is
not useful for on-the-run identification in a cattery environment. Also, unless
a registry sanctions tattoos and records them, an individual finding a cat
tattoo may not be able to determine the proper owner.

Chipping entails the subcutaneous insertion of a microchip containing
data on the cat and its owner. The goal is to provide the following:

« A permanent way in which a lost or stolen cat can be identified.
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* A permanent way that its owner can also be identified.

This is accomplished by contactin i
i a perm i
suzphed oty g a p anent registry with the data
s with tattoos, registry rules may preclude ippi
/ o T y Tt | the use of chipping on cats
'bemg shown. As_ with thpplng, it is really best used for protegtioﬁ against
os: or theft, as it requires the use of a scanner to read the chip.
kee;i‘: gseti::nd option, and t;le one best used for a working cattery’s record-
. Is some system of temporary i ificati i i
o i porary identification, coupled with special
First, the cattery should have a se
 th : parate record of every cat, whether i
the working cattery or not. This would enable a third party to enter tI:Z
ﬁmeer:/ ?(;1: I'tlake;hs_teps to protect the cats should something happen to the
 Ideally, P .
o y, this record should contain information such as the follow-

» The cat’s registered name.

¢ The cat's call name.

= The cat's date of birth.

. 2 ba:ic c;alor/pattern description.

. note of any distinguishing physical feature, e.g. i -
that is it has a blue eye on thz r\i/ght and ;u;ﬂg gyeth:nctahtel?e?tdd eved

: g;aproductive st_atl.Js — male, female, spay or neuter. -
kit?:r? styr;l)g\r This is |mport:ant not only_to avoid problems with fading
« transzJSiog.me (neonatal isoerythrolysis), but also in case a cat needs

* A color photograph.

« Important information for a caretaker, e.g. the cat is a diabetic.

The breedgr _should make sure that this information is easily located. For
that reason, it is wise to tell individuals who might have to gain ac .
the cattery where it is stored. ¢ cess to
. In terms of the cats \‘Nlthln the cattery, then, identification becomes easier.

or example, you can ‘mark’ queens of the same breed and color, such as
Sable Burmese, by shaving spots on their bodies. Remember that ttllis works
ﬁs long as you both keep them shaved and have a written key to the marks
ou}({;geh:::r \(/c\)/ll:irc }::e:it;g\;hphystlca_illy;hdivided, simply placing a card on the

I )| e cats in the room by call nam ici
Wlﬂ? young kittens, if the fur is not too dark, ygu can maflé m:%b;iiﬁﬁé%?::
Aga_un, rect_)rd the marks and keep them refreshed. An alternative is to use naii
polish. This sh_ould be used only on the claws and care must be taken to
ensure the polish dries quickly so that the cat or others do not lick it.

Breeding

A day-to-day record on breedin

/ | T g queens can be kept as ordina

index cards, filed in a closed box. Then you can usepa separate ::yarszag:
each queen. Then, you can record the following:

* When you confine a queen with a stud cat.
¢ The name of the stud cat.

* The date and time of delivery.

* Details on the delivery.

« Preliminary details on the litter.




102 Robinson’s Genetics for Cat Breeders and Veterinarians

The queen’s call and registered names and, or, reference nu21bler in tgz
stud book (see below) should be written at the top (_)f the car .bt c'::m_rhe
useful to use the queen’s and sire’s registry pumbers in the stpd h00 l.d he
preeder should note every confinement with any male. Thl_s [ t?uh 2
undertaken at the time it starts as well as when it ends, noting 0:1 e
name and reference number of the male, as well as all rele\(/!ant )a ed.
Shouid the desired mating occur, the breeder should note the hate(lfi aln
approximate time(s). If a mating does not occur, the br-eeder s Ol;l atzg
note this; if a reason for the failure can be determined, this should be no
as)\ﬁlr' the queen conceives, the date of birth of the_ I|tter|;_ang tr;g
number of kittens delivered should be recor_ded. If possible this s O:Ih
be undertaken at the time of the delivery._ Brief notes can be kept t|)_n e
same card, such as whether or not th_e kittens look healthy on gel!very,
their approximate birth weights and if thp queen had an gasyh. e: |verg%
These cards then serve as way of checking the rgproductl\_/e |sdq;y of
the queen. For example, whether or not she conceives readily and i st
produces the average number of kittens per litter can be seen at a
gla\lr\;liz-n the time arrives for the kittens to be c_examined and bef entzrec:
separately in the stud book, the details of .the litter can be tran; erre_tt an
the same time. The litter reference number in the stud book can be wri ed
on the card as a cross-reference. As with .the numbers for _the qugen an
sire, it is best to use the litter registration numbers asmgnid Y ycziur
registry for this purpose. The breeder should preserve all of these cards,
even after the queen has ceased to breed.

The stud book ) ) )
The stud book is the permanent repository for all information and most

cording cattery information revolve around some sort of
:ﬁﬁ?&&f n:ord. Tlge book may range from an ordinary permanent _nfc:te
book to a loose-leaf binder, and can even be done on a computer with a
i rogram.
pezlﬁgiesep-legf binder allows you to add extra pages that you can nft?e:i1
surprisingly often when your breeding program is going well and you fin
new aspects of it that merit additional record-keep!ng. .  ltters
One systern of recording is based on the successive numbering o b e;l i
Beginning with the first page of the stud book, _the. breef;ier promlnenty
writes a number in the top right hand corner, beginning with 1, 2, 3,..., € c%
it may be convenient to have the number at the top right-hand corner 3
the next available blank page, according to the amount of space requlred.
This could be as little as a page or could extend over several pages depend-

ing on the amount of information to be entered. Each succeeding litter is

igned the next unused number in the book. A|?ernat|vely, you can

Lr;zntra\:sllgter registration number assigned by your registry once you have
i litter. )

re?&zti::r(tia?:edetails are the same for all Iitter§, consider setting up _ttl;lle
pages with standard headings already p(inted. Figure 6.1 shows ?‘ pos?ﬁ er
arrangement of these basic details. The f!gure shows an e?(ample orda bl e
designated as 42 (the number at top right). This Ilgter is produqeh }/ra
mating of a queen, with stud book reference 17d_' W|t|’_\ a male, wit reT(Ie1
ence 9a. Note that their call names are aiso given in parentheses. The
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mating occurred on 12 February, and the queen gave birth to five live
kittens on 18 April, after a normal parturition.

One of the kittens died at birth, but the other four were successfully
reared. The kittens were weaned successfully. The record also shows both
coat color and length. Two were shorthaired self black, one a shorthaired
blue and the last a longhaired black. Each kitten is assigned one of the first
few lower case letters of the alphabet. That means each kitten has now
been precisely designated both by a litter number (42) and then a letter.
The breeder may add notes, such as whether or not the queen nursed the
litter satisfactorily. Finally, the breeder can leave space for information on
the later history of the kittens. That is, if they were sold {if so, to whom),
died from a disease or accident (if so, state the cause) or from old age (if
so, give date). After a while, the procedure soon becomes a matter of
routine.

The main genotype can usually be appended to the color description
of the kittens as shown. However, it will also be highly desirable to
record variations of polygenic characteristics, either by a description or
by grading on a suitable scale. In Chapter 5, the advantage (if not the
necessity) of employing such a breed-specific scale was emphasized.
These were used for analyzing a polygenic character and for the calcu-
lation of a total score for a cat. If the total score method is being used
in your cattery, there is no reason why this should not be used here. It
can provide a concise method of describing the variation for kittens as
well, with certain necessary adjustments. For example, it may be difficult
or even impossible to grade coat texture or certain colors in kittens, while
it is easy for an adult. Also, there are some features, such as head shape,
that a breeder cannot grade at birth, but can only evaluate at later stages
of growth and maturation, due to factors such as molding. There are
even some physical characteristics, such as whisker break, which a
breeder can more easily evaluate when a kitten is still wet, following its
delivery.

The breeder can always make additional supplementary notes, though
this ought not to be necessary, as every effort should be made to assure
that the scoring is as accurate as possible.

Figure 6.1 shows how grading the four kittens can be based on the same
system described for the construction of a total score {Chapter 5). Suppose,
for example, that this breeder is interested in the self blacks. Though the
blue SH and the black LH will be not be a part of this breeding program,
the breeder should grade all of the other characteristics for these cats as
conscientiously as possible. These will vary independently (with the possi-
ble exception of CC because of the long hair in kitten d could interfere with
accurate grading) of each other. For that reason, no opportunity should be
neglected to obtain data on the variation.

The nature and amount of data that a breeder records depends entirely
on the interests of the breeder. For instance, it may be that the breeder is
seeking to create a particular type of spotted tabby that cannot be easily
graded. In that case, each kitten’s pattern may have to be described in some
detail if the breeder is to have an adequate permanent record. Photographs
(kept with this record and identified on the back of each photograph) would
be useful, particularly if the photographer can standardize the posture of
each Kitten to minimize distortion. Breeders should try to use sketches only
if they can prepare outlines beforehand so that it is simply a matter of filling
in a few simple details.
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Figure 6.1 A sample page from the stud book showing th(? basic data that should be
recorded for each litter and a proposed layont of the entries

(Litter registration number)

Queen: 17d (Abigail)  Reg. No.: 1234-5678

Sire:  9a (Racine) Reg. No.:5678-1234

No. of Matings to Conceive:
Date(s) of Matings:
Date of Birth:
Parturition:
No. of Kittens Born:
Live 4

Dead 1

Details of Litter:

a Male black SH

b Female black SH

¢ Male blue SH

d Female blue LH

Condition at Weaning:

Grading of Characteristics
Kitten H cc CT
a 10 9 9
b 10 8 8
c 10 - 7
d 5 5

One
12 Feb. 1998
18 April 1998

Normal -- uneventful

aaD-L- 2.75 oz.
aaD-1- 3.00 oz.
aaddL- 3.25 oz.
aaddll 2.75 oz.
Excellent

BB HS F
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Numbering systems

The advantage of having a reference system based on consecutive
numbering of litters is that it facilitates quick cross-references in the book
itself. That way, all the information both on litters and on individual cats
is in one book. If at any time a breeder has to check on any cat, it is only
necessary to turn to the appropriate page number (which is the litter
number) and then consult the appropriate letter. For example, in Fig. 6.1
the queen is 17d, indicating she is the fourth kitten from litter 17. The
composition of this litter, number 42, might provide additional data on
her genotype. Suppose she is a shorthaired black. The colors of the
kittens is this litter show that she must be heterozygous for blue dilution
and for long hair. If the heterozygosity was unknown (or only suspected)
at the time the breeder wrote up litter 17, the record in the book can
reflect this. All the breeder does is to turn back the pages and add the
new, relevant, data to that already entered for kitten d there. Similarly,
the breeder can add any new information on the male, 9a. If handled this
way, the comprehensiveness of the stud book increases as the entries
increase.

After a number of years, the stud book may come to consist of a number
of volumes. However, if the principle of consecutive litter numbering still
applies, the numbers would be carried on from one volume to the next.
The numbers contained in a volume could then be written on the spine for
easy reference.

There are two ways to handle the addition of cats acquired from outside
the cattery.

¢ One s to treat the new cat as if it were a ‘litter’ and then assign a number
to it at the time of purchase (while also recording that it had actually
been purchased).

» The second is to designate those cats by simple numbers or capital
letters. An alternative is to use a group of capital letters selected to act
as a mnemonic for the origin of the cat. If the breeder uses this second
option, a full page should be left for each cat to record any data that is
or may become available.

The seller’s pedigree should supply such basic details as date of birth
and parentage. Other details, such as information on litter sibs should be
easily obtained from the breeder of the acquired cat. These pages may be
inserted in the stud book at any convenient position, such as in serial order
before the cattery-bred litters.

Non-breeders may not understand the need to use somewhat impersonal
litter numbers and lower case letters to identify kittens. The breeder should
explain to them that the use of these identifiers in no manner replaces
either call names or the more formal names under which pedigree cats are
usually registered. These reference numbers are primarily to facilitate the
quick and easy location of individual cats in the stud book and to allow for
tracing parentages or ancestral lineages extending through successive
generations. The stud book system has been proven to function very well
in this respect. When this is linked with records on the reproduction of the
individual cat and the quality of the kittens produced, it forms a serviceable
system of permanently recording breeding data.

On the other hand, using the registration numbers assigned by a registry
permits the breeder to track cats back and forth through other pedigrees.

-
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It also allows a breeder to use a registry’s own §ervices {such aT prodtuc-
ing reverse pedigrees or muiti-generation pedigrees) to supplement a
cattery’s own records. o

If a breeder wishes to maintain a ca
practice would P
while also keepin

ttery’s own stud book, the better

robably be to use a cattery’s own stud bo_ok numbers,
g the registry numbers in the records for quick reference.

Chapter 7
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In general

Inbreeding is an emotional topic for some people. One cause of this is that
it brings forth disturbing visions of incest. Another cause for emotional
responses is that some breeders may feel that they are incapable of manag-
ing it. Despite these reactions, inbreeding has a place in animal breeding.
It can be quite important, being one of the two mainstays of improvement;
the other being selective breeding (see Chapter 5).

The majority of cat breeders probably have some general idea of what
is meant by inbreeding. If pressed, they would probably answer that
inbreeding involves the breeding of close relatives, usually citing the
breeding of brother to sister, father to daughter, or mother to son. These
breedings do indeed constitute inbreeding. In fact, these are the closest
possible types of inbreeding, but they are only three of a large number of
possible breedings that all come under the heading of inbreeding.

Inbreeding is an inclusive term, covering many different breeding
combinations and degrees of relationship. Generally speaking, the more
distant is the relationship, the less is the intensity of inbreeding.

Some breeders use another term: line-breeding. By that, they mean the
mating back to a particular stud or line, to impress the desirable qualities
of that stud or line on the kittens. This may be done repeatedly; if so, it
is actually a form of inbreeding. It is commonly viewed among many
breeders as a more permitted form of inbreeding. In fact, line-breeding
has been used incorrectly to denote lesser forms of inbreeding than those
close ones described above.

Given the mathematical nature of the laws of heredity (see the techni-
cal appendices for this chapter), it is possible to calculate the intensity of
inbreeding for any mating of related cats. It is important to have this infor-
mation when merely considering whether or not to undertake inbreeding,
The reason is that the intensity of inbreeding varies with the degree of
familial relatedness of the cats and it is not always wise to use the more
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ings: i t of
Table 7.1 Table of breedings: a comparison of the amount of
inbreeding which will follow from the mating of related individuals

Form of mating Degree of inbreeding (%)
Father to daughter 25.00
Mother to son 25.00
Full brother to sister 25.00
Half brother to sister 12.50
Uncle to niece 12.50
Aunt to nephew 12.50
Grandparent to grandchild 12.50
Single first cousins . 6.25
Single first cousin to second cousin 313
Single half first cousins 3.13
Single second cousin 1.56

intense forms of inbreeding. To be more accurate, it is not wise to use the
i e forms too often.
mc%ﬁeln;ﬁ;lsseness, or intensity, of inbreqding for the most commonl;;
employed breedings between related cats is shown in Table 7.1. The usulii
convention is to designate the inbreeding as a percentage, so that t e:
larger the percentage, the greater the degree of inbreeding. The‘an.lount
of inbreeding decreases in steps of one h‘alf (Table 7.1). This ratio is ﬁlq
due to chance, but occurs from the heredity of the genes. (For the techni-
cally minded, the percentage actually m'eai\ﬁres ftftsl; r?nxgc;cted decrease in
ber of heterozygous gene pairs in the o .
th%?cl)]tlﬂer to sister anflygarent to offspring (fath.er to daughter and mothce]r
to son) breedings represent the closest, that_ls highest percentage, 1n'bree %
ing. What is surprising to manz breeders is that these two variations o
i ding are of equal strength. _ .
ml’?ﬁ:dlllléit in decgaasing orger of intensity is a group.of six b_reedmg
combinations including the breedliﬁ;gi ofbhalfc-lli);other to sister. This ranks
dparent to grandchild inbreeding.
eq’}l‘?lléyrz(;liﬁlngp eight bregerdings in the table iJ:_lvolve_ those between el'ess
closely related individuals. As expected, the intensity of the resulttnﬁg
inbreeding declines steadily as the relationship between the stud and he
queen becomes more remote. The determining factors here are both t (;
number of generations separating the 1pd1v1dua!s and the ngmber tl'(l)
related individuals in the particular breeding. For instance, looking at the
table, consider the difference in inbreeding intensity between a mating of
single first cousins and a mating between double first cousins. The latter
breeding is twice as intensive as the former as the ancestry contamns more
individuals. )
relg)tgliﬁ)?gedings between more distantly related indiv.lduals are referr:](;
to in a general manner as cousin breedings, involving third, fourth etc. h
cousins as well as full cousins. Cousins need not be in the same genera-
tion, such as the first to second cousin breedings shown. The intensity of
inbreeding is low for most of thles?i combinations, except for those cases
multiple cousins are involved. ) o
Whg:: breedgrs sometimes refer to inbreeding as ‘doubling up’, or ‘concen-
trating the heredity’, of ancestors in the inbred cat. Technically, what

Inbreeding 109

actually occurs is an increase in the number of homozygous genes in the
individual. That is, the closer the inbreeding, the greater the likelihood of
pairs of genes becoming homozygous. This is desirable if the genes are
those which result in an outstanding specimen of the breed. What if these
same pairs produce undesirable features? Inbreeding, as a matter of fact,
is quite impartial in this respect.

This is where sclection must enter the picture. There is an important
rule associated with any inbreeding: ‘the more intense the inbreeding, the
more careful and stringent must be the selection’.

Selection is important for all breeding programs, but it is doubly impor-
tant when inbreeding is involved. In particular, the breeder should
carefully monitor the health of the cats in the program. Inbreeding does
not necessarily lead to a decline of health and vigor but it may. When it
does, all of the good work of patient selection breeding will be of no
benefit. It is far more desirable, and the mark of a responsible breeder,
to work to prevent a possible decline in the first place.

Every breeder, at one time or another, has pondered on the effects of
inbreeding. Should I try inbreeding? What exactly does it accomplish? Are
the effects good or bad — or a bit of both? This is not a frivolous issue.
Questions such as these should occupy the thoughts of all serious breed-
ers.

In practice, inbreeding may arise at two levels:

¢ That which occurs in the hands of individual breeders,
e That which arises in the breed as a whole.

The former occurs when a breeder chooses to have breedings between
related cats or affirmatively chooses to remain within the same lines (see
below). The cats do not have to be closely related, because the mere fact
that they are related implies inbreeding, even if it is weak inbreeding.

Inbreeding arises in a breed because of the fact that there is only a finite
number of breeding animals for each generation. For a breeder to
completely avoid inbreeding, he or she must be certain that every ances-
tor of every cat is different. However, this is impossible in practice.

To illustrate the point, take any one cat. The number of ancestors
doubles for each succeeding generation. The number of different cats
needed to fill out a pedigree start low enough but soon become astro-
nomically large. After only a relatively small number of generations the
numbers of cats needed will eventually exceed all cats that have ever
been born. For example, to fill out the pedigrees of two cats for only 20
generations with unduplicated names would require 2 097 152 different
cats.

If the above reads like a contradiction, as all cats have ancestors, the
solution is that common ancestors recur for remote ancestors. It is quite
clear that the further back you look in the ancestry, the greater will be
the number of recurrences (that is, common ancestors) you will find.
Every cat in a breed is collaterally related via these ancestors.

The presence of common ancestors is a sign of inbreeding, the actual
amount depending on the number and how far back these occur in ances-
try. The larger the breed in terms of numbers of breeding animals, the
smaller the chance of finding common ancestors and, frequently, the more
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i ill these occur in the ancestry. It follows tha‘t br_eeds that are not
gﬁrts::i;ﬂlly strong have the greater likelihood qf bemg'ml?red.‘

This type of inbreeding may be ‘background _mbreedmg or lonfgf—_term
inbreeding’ to distinguish it from inbreedmg'whlch breeders' may a gma-
tively undertake. The background inbreedmg_ vyopld be mﬂupr}ce : a;;)
some extent, by that practiced by breeders_ but it is l_1kely that this is small.
The reason for thinking along these lines is that Wh.lll? some breeders may
be doing a little inbreeding, others may be avoiding it. .Further'moref
crosses between partly inbred strains can largely nullify the inbreeding o
eacth.)netheless, numerically small breeders cannot escape the bacl'{grounfi
inbreeding imposed by limited numbers of breedmg animals. It is possz
ble to estimate the maximum number of sires and dams that a bree
should have for the avoidance of the possible harmful effects of long-term
inbreeding. This requires an assumption that a breed. can 'tolerate a. given
level of inbreeding. Two proposals have been made in this respect:

o The breeding is carefully controlled by selective breeding.
e The loss of innate genetic variability is not too great.

Is of long-term inbreeding should not exceed 5 per cent for the
ﬁr’sI;hSri)?lgsal and ngot to exceed 1 per cent for the second (see Table 7.2).
Because breeds are now expected to have an indefinite life, the problﬁm
of long-term inbreeding deserves to be approached from anoct1 her
viewpoint. As the generations progress, the total amount of inbreeding
increases. This means that the total should be taken into account. Just as
it is wise to set an upper limit to the rate, it is also wise to set an upper

imi total. )
hm’Il‘;uf,O:ezlclxilmendéd limit for total inbreeding is 50 per cent and, ideally,
this should not be exceeded. If the rate is known, it 18 I_Jos_51ble to calcu-
late the number of generations to reach the 50 per cent limit. For the rate
of 5 per cent per generation, the limit is reach_eq when _14 generations have
passed and, for the rate of 1 per cent, the limit requires 69 generations.

Table 7.2 Table of the minimum number of
individuals for two levels of inbreeding: (A) 5
per cent and (B) 1 per cent

(A) Cats Queens  (B) Cats Queens

3 15 13 329

4 7 14 117

5 5 15 75
16 57
17 47
18 41
19 37
20 33
21 31
22 29
23 27
24 26
25 25
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These are ‘cat generations’ so if we express them, say, as an average of
two years per generation, the time span will be in the region of 28 and
138 years, respectively.

A breeder, as an individual, may take notice of the 28 year limit if he
or she is forward-looking but not, presumably, of the 138 year limit. On
the other hand, a committee of a cat club may (or perhaps should) take
notice. The committee should be taking the long view of the prospects of
the breed. If it felt that the rate of inbreeding is excessive, steps should
be taken to combat it.

The effect of inbreeding is to increase the homozygosity — the degree
of pure breeding - of the cats. Unfortunately, inbreeding tends to uncover
any minor deleterious genes that may be latent in the breed. Normally
these are not particularly troublesome but if a number become progres-
sively exposed, ‘inbreeding depression’ may make an unwelcome appear-
ance. The depression may take a number of forms but typically impacted
animals are sickly individuals.

If inbreeding is intense, these minor deleterious genes can be uncovered
and fixed in the breed before selection has had the opportunity to weed
them out. This is the aspect which has given inbreeding such a bad name.
Yet, if the inbreeding is weak, the minor deleterious genes are exposed,
but they are less likely to be fixed. Selection can then be used to eliminate
them. The process is slow and ongoing. In this respect weak inbreeding is
beneficjal in that it is ridding the breed of minor deleterious genes.

To sum up: inbreeding can be good or bad. While even close inbreed-
ing can be good in special situations, as a rule close inbreeding should be
avoided. On the other hand, weak inbreeding can sometimes be useful
applied so it should not be condemned out of hand.

Inbreeding and breeds

Most people instinctively appreciate that inbreeding is the mating of
individual cats that are blood relations. They also grasp that the degree
of inbreeding can vary, depending on the closeness of the relationship of
the cats.

Inbreeding occurs at two levels. The first is inbreeding of the individ-
ual cat or within an individual cattery. A breeder may be concerned with
selection and inbreeding for his or her own group of cats. The breeder’s
activities may be, in general, independent of other breeders. On the other
hand, other breeders may be involved, e.g. in the buying of breeding stock
or to acquire stud service.

In a majority of breeds it is now impossible to find two cats unrelated

to each other because every pedigree is based on a few early founding
cats.

Joan Miller, Vice President,

The Winn Feline Foundation and cat show judge

Miller (1998)

In any given breed, it is doubtful if any breeder can (or should) ever be
fully independent of other breeders. The more common, and preferable,

e i
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ituation is where a number of prominent breeders are well established.
sétc;l;stéquently, their cats are being diffused throughout the breed. Differ-
ent strains and lines of cats may thus emerge, and a particular hr‘lje rfnay
actually be in the hands of several breeders. In other wo.rds, a b_ree o ’Een
operates like a loosely interconnected collection of strains or lines. .
The second ievel of inbreeding is that .for the'breed as a whole. fT e
concept is based on another definition of mb;egdmg. I_f the parents of an
individual cat share common ancestors, there is inbreeding, If the common
ancestors are merely a few generations remove_q from tl}e pa_rtlcular cat,
it should be possible to define the usual familial relatx_on‘shlps, that is,
grand-father, second cousin etc. If they are remote, this is usually 1not
worth the effort. In such cases, the relationship is said to be collateral.

j blem with infertility
In the early days of the breed there was a major pro
and the brzed was almost lost. Careful outcrosses to other breeds solved
- Carol Barbee, Cornish Rex breeder

It should be clearly understood that all individuals of any breed have
collateral relations; that is, they all must share common ancestors at some
stage. As the number of generations increases, the number of ancestors
required to avoid duplication increases very rapidly. This continues until
the numbers involved quickly exceed the total number of cats of that
breed ever born. It thus follows that, at some point, th.e same stuq cats or
queens must recur somewhere in the ancestry, possibly frequently, for
more popular stud cats or queens. _ )

Thisp rgcurrence of studs or queens represents .1n_breedmg. The actupl
level of inbreeding depends on the numbers of individual breeding cats in
each generation. If there are many, the frequency of repeats need not be
large. On the other hand, if the number is small, the frequency of repeats
may be substantial. o )

gne consequence is that a numerically small breed is always subject to
some measurable degree of inbreeding. The exact amount will depend on
the average number of breeding studs and queens in each succeeding
generation. If the breeder knows these figures, then he or she can calcu-
late the average rate of inbreeding. ) )

This leads t%) the question: is there some tolerable levql of inbreeding?

1t is reasonable to assume that there are at least two different levels of
the inbreeding rate to be measured. These are:

 Control of breeding stock. '
e Conserving genetic variation as much as possible.

In the first case, the breeder’s control takes the _form of careful selec-
tion of breeding individuals, not only of conformation for the breed, but
particularly for health and fertility. These aspects should always have
pr}%rig,e second case, the selection aspect still applies, but must be accom-
panied by a weaker degree of inbreeding. As mbrgedxpg causes the loss
of genetic variation, the more intense the inbreeding is, the greater the
loss becomes. Therefore, the breeder must consider the rate of loss. It is
a question of how much of a loss can be tolerated.
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For the above cases, it is advisable that the rate of inbreeding should
always exceed 5 per cent for the first case and 1 per cent for the second
case. The minimum requirement to achieve the 5 per cent level is three
studs and 15 queens. For four and five studs, the minimum number of
queens can be lower, that is at seven and five, respectively. For six or
more studs, provided the number of queens exceeds that of the number
of studs, the level is 5 per cent in each case. Obviously, it is far better to
have larger numbers of studs and queens than the bare minimum shown
in Table 7.2.

The minimum number to achieve the 1 per cent level is 13 studs and
229 queens. For larger numbers of studs, smaller numbers of queens are
permissible, as indicated by Table 7.2. For 25 studs, it is sufficient to have
as few as 25 queens. But in practice, it is unlikely that every breeder has
equal numbers of studs and queens. Again, the larger the number of
unrelated breeding studs and queens the better will be the prospects for
the breed.

Keep in mind that for both cases it is assumed that the studs and queens
will be bred more or less at random. That means that each individual stud
and queen contributes equally to the next generation. This restriction
applies particularly to the stud cats - one or more studs must not sire an
undue majority of kittens used later for breeding. As it may be difficult
to achieve equality in breeding practice, the numbers of studs and queens
per generation should be increased to allow for this limitation.

In genetic terms, the consequence of inbreeding is to increase the
homozygosity of the genome. That is, with inbreeding, the genes become
progressively more alike. Genes occur in pairs in the genome, such as AA,
Aa and aa, where A and a are two unlike genes. With inbreeding, the Aa
pair is slowly eliminated, leaving only A4 and aa. As there are tens of
thousands of gene pairs in the genome, the elimination does not occur all
at once, but progressively as the inbreeding continues.

The rate of elimination of heterozygosity varies with the rate of inbreed-
ing. The greater the rate of inbreeding is, the more rapid is the elimina-
tion. The effect of inbreeding here is to make the breed genetically more
homogeneous. This is desirable in establishing a breed, as the cats will
tend to conform to the standard of excellence. However, the inbreeding
also uncovers both good and bad aspects of the genome. Some of the bad
aspects are subtle and induce ‘inbreeding depression’ The animals
produced are then below par in growth and health, as well as in breeding.
This is why emphasis must be placed upon selection for growth and health.

The purpose is to prevent these tendencies from becoming established.
Only unremitting selection is capable of doing this. By selection of the
most vigorous cats, it is likely that the more heterogeneous are chosen.
This, in turn, is likely to counter the potential inbreeding depression. The
genes for the depression are likely to be recessive and the selection should
favor the AA and Aa genotypes in preference to aa.

Elimination of the Aa pairs of genes is a formal way of saying that
inbreeding brings about a progressive loss of variation. Unfortunately, this
is a double-edged sword. On the one hand, it is desirable because the
individual cats become more and more alike. On the other hand, it also
brings to a halt additional progress. Both good and bad characters are
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“fixed’ with fine impartiality. That fixation may (and often does) occur
before all of the good points have been realized and some of the bad
points have been eliminated. The greater the inbreeding, the quicker the
fixation occurs.

A breeder must make a compromise between the rate of inbreeding and
the loss of variation. The 5 per cent level should be regarded as the
absolute maximum, with the one per cent as the more desirable level,
particularly with so-called minority breeds. Table 7.2 presents the numbers
of cats and queens that a breed should have to maintain a rate below the
recommended level. A numericaily small breed could be at risk in the long
term, but so could a numerically large breed if it is subdivided into
separate lines. If the subdivision is not rigid, a trickle of inter-group mating
may be sufficient to maintain the overall well-being of the breed.

As noted, the situation is more serious for those breeds with a small
number of breeding animals. Several methods may be available to help
improve the situation for minority breeds. One would be to popularize the
breed to recruit new adherants. Another would be to encourage breeders
to make their stud cats more freely available. For example, a group of
breeders might agree among themselves that no stud cat can be the sire
of more than a stated percentage of matings. Ideally, there should be as
many breeding cats as queens and no queen to be mated more than once
to the same stud.

Another alternative might be to actively discourage matings closer than
a given familial relationship. For instance, a group of breeders might agree
to avoid breedings unless they show no common ancestors until the third
or fourth generation. Finally, new stud cats could be imported from
abroad, although the breeders would have to minutely scrutinize their
pedigrees to assure that these are as unrelated as possible.

The problem of long-term inbreeding in breeds with limited numbers
of breeding animals in each generation is complex. Although the general
principles are easily stated, these vary from breed to breed and are compli-
cated by other factors. What breeders must keep in mind is that for all
practical purposes breeding pedigree cats always involves some degree of
inbreeding, even if it is not immediately evident on the pedigree itself.

[

Inbreeding depression and hybrid vigor

Inbreeding can bring about a decline in vigor or general weakness. This
is usually called ‘inbreeding depression’. Loss of vigor is associated with
the homozygosity of an increasing number of genes, with harmful effects.
These are polygenes, in as much that the effect of any one in isolation is
small. However, the cumulative effect can mount up and eventually
become noticeable.

In the ordinary randomly bred population, most of these genes are
present as heterozygotes so that their existence may be unsuspected until
exposed by the inbreeding. This is not to suggest that all cats carry these
genes, or that inbreeding must inevitably produce weakly stock. On the
contrary, the inbreeding of inherently healthy stock is usually quite safe. On
the other hand, some cats do carry deleterious genes and these deleterious
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genes may make their presence felt due to inbreeding. For this re
: : ; . ason,
ml;reedmg dfprgssmn should watched for in any inbree%iing situation

n cases of inbreeding depression almost any feat :
ity oo P y feature of the normal cat

e There may be a decline in birth wei i i
y be ght or vigor, as shown b

or lethargic kittens. . ® y smafl thin
* There may be developmental problems, such as i

L , oor growth in 1

1T1€1e and below standard adult individuals. poor e e
o ere may be a fall in average litter size, an increase i

; , in the numb

stillborn or abnormal kittens in litters. erot

* There may be problems in reproductive performance. This may be
shown by a relu_ctance of the male to copulate, the female to come into
heat or by partial sterility in either sex.

* There may be a greater proneness to illness at any stage of develop-
ment, su_ch as the regular appearance of cancer in younger animals.
Alternatively, there may be significant losses of cats or kittens to the
same disease, due to the loss of immunological diversity.

¢ There may be physical indications such as asymmetry, crooked noses
misaligned jaws, uneven eye size or alignment, ’

It is impossible to predict what form inbreedin i i
g depression may take in
each cases For e_xample., only one of these problems may be prez’ent, but
be may be manifested in extreme examples. On the other hand, several
may show small yet detectable deteriorations. In addition, inbreeding

df[elll)ression usually comes on gradually, affecting some individuals and not
others.

[Cat breeders] must be careful not to ‘fix’ i ]
e tryime 1o d e 8 fix’ immunodeficiency when we
Heather Lorimer, PhD, Oriental Shorthair breeder
Lorimer (1998)

This means inbreeding depression can be counter i
_ ed by breeding onl
frorr_l the most health_y cats in the program. This should be %’rue at all%imesy
but it is pgrtlcular_ly important whenever any inbreeding is practiced. ,
Should mbreec!mg depression become cstablished in spite of efforts to
prevent it, there is v1rt.ua]Jy no option but to outcross to wholly unrelated
;tock. If the outr;rgﬁs 112 made wisely, the breeder should still be able to
Teserve many of the better qualities of the line or, at 1
too many of these qualities. -t least, not 0 lose
'It may also bq desirable to intercross two inbred strains which are
dlsplayu_lg early.s1gns of inbreeding depression. This could happen when
several inbred h_nes are being bred in parallel. Should this be done, the
first-cross offspring ‘may turn out to be exceptionally healthy and fertile.
This phenomenon is known as hybrid vigor or ‘heterosis’. It does not
always occur, of course, but it occurs often enough that most breeders
ll:a:ze at leijlst heard of the phenomenon. Random bred cats rarely show
eterosis because much of their taken-for-granted vigor is i -
sis of a less obvious kind. ’ vieor s in fact etero
Some breeds or lines of pedigreed cats show ongoi ild si
. . . going mild signs of
inbreeding depression as a result of generations of selection andgr’:heir
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somewhat inbred ancestry. This is often the case with breeds which are
described as delicate, temperamental or hard to breed. This may be toler-
ated, provided it is not too severe, because to outcross would destroy their
unique characteristics.

Inbreeding depression can be particularly insidious and pervade many
individuals of a particular breed, particularly when a majority of cats are
related in one way or another. Weak inbreeding is then very difficult to
avoid. In such cases, every effort should be made to breed only from the
most healthy cats to prevent the worsening of the situation.

Inbreeding and the appearance of anomalies

On occasion, breeders may express concern because it is felt that inbreed-
ing can cause anomalies. While this concern is somewhat justified, it is not
precisely the situation. In the first place, inbreeding itself cannot induce
anomalies, but it can bring to light genetic defects which may be latent in
the cats. In contrast, irue random breeding tends to keep defects
completely hidden or at least prevents their recurrence except for the odd
cat here and there.

1t is, therefore, possible for a recessive anomaly to be brought into the
breeding program, persist for a few generations, and then be bred out
without anyone being aware that it was there in the first instance. Those
heterozygotes which may carry the defect are likely to be fully healthy, so
there would have been no reason why anyone should be suspicious.

The chances of discovery of such a recessive defect vary with the
amount of inbreeding. The chances of discovering it are small for weak
(low percentages) inbreeding and not very great for moderate inbreeding.
However, the chances of discovering it increase rather sharply for close
inbreeding. This is the reason why inbreeding and the appearance of
anomalies are associated. '

If only a minority of studs possibly carry a recessive anomaly, then in
most cases inbreeding does not produce anything abnormal. Of course, no
one would be exactly pleased to discover an inherited anomaly. However,
it is much better to know about it and then take immediate, active steps
to eliminate it.

Fortunately, many recessive defects can be removed and several
methods are described in this book. Thus, in some respects, inbreeding
can be regarded as a cleansing operation, for it has a propensity to bring
recessive defects to light. That, in turn, means it also leads to their eradi-
cation far more quickly than might occur through random mating. It
should be emphasized that the chance occurrence of anomalies is not the
same as inbreeding depression. It is a more troublesome and difficult
problem to control.

Maximum avoidance of inbreeding

The occasion may arise where it is necessary to maintain a small group of
animals with the minimum loss of heterozygosis. Such a case could be
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where a stud has attained a high level of perfection but signs of inbreed-
ing depression have become evident. An outcross would be the obvious
remedy but this is judged undesirable.

For practical or sentimental reasons, the owner may not wish to break-
up the blood line or it may be that no outside stock is available of compa-
rable quality. In this event, the decision whether to outcross or not may
not be easy. One solution would be to increase the size of the stud so that
lar_ger numbers are available from which to select the most vigorous
animals. However, if the selection is intense, as it should be in the circum-
stances, the number of parents is reduced and the stud will be exposed to
inbreeding which may lead to further deterioration. The position is aggra-
vated if it is only possible to keep a small number of animals.

A possible alternative would be to adopt a system of breeding in which
th; loss of heterozygosis is minimized. These take the form of groups of
animals equally divided into males and females and are forms of cousin
matings. Two of the simplest will be described, requiring only four and
eight individuals per generation as shown by Figs 7.1 and 7.2, respectively
In the first, two males and two females are so paired that the resulting-
two litters (or two series of litters) provide either both the males or
female_s for the next generation. It is important that the sexes be chosen
from litters with different parents otherwise the system reverts to sib
mating which it is expressly designed to avoid. The ratio of decrease of
heterozygosity is 92 per cent, a value which cannot be bettered by any
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Figure 7.1 Diagram of pairings for a group of i i

; p of four cousins. Two different males (M) and
two different females (F) form the group in each succeeding generation. These ngusz be
paired as shown by the lines of descent. The pairings repeat for each generation
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Figure 7.2 Diagram of parings for a group of eight cousins. Four di

a X r different males (M) and
four different females (F_) form the group in each succeeding generation. These ngmsz be
paired as shown by the lines of descent. The pairings repeat for each generation
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other breeding system consisting of so few parents in each generation.

The second system requires four males and four females. The arrange-
ment of pairing is more complicated and is best understood by reference
to Fig. 7.2. Each of the four litters must provide two offspring for the next
generation, a male and female. In the diagram, the letter M represents a
male and the letter F a female, the lines of descent showing how the eight
offspring must be paired for the next round of litters. Then, the whole
process is repeated. In practice, both for the previous system and the
present one, it is advisable to make out a sketch-plan showing the lines of
descent but filling in the names of the animals in the cattery instead of
the M and F symbols. The sketch-plan should be completed for two gener-
ations so that the pairing of the kittens is definitely fixed. Later, it will
only be necessary to add a row of names for the next generation. This
prevents unnecessary mistakes.

The ratio for the second system is 97 per cent which is again larger than
other systems for a similar number of parents per generation The last two
entries in Table 7.1 reveal how the two cousin groups preserve the amount
of heterozygosis compared with other systems.

It is possible to propose a somewhat more flexible system of pairing
than that outlined above for people who find it difficult to follow a set
pattern. However, there are rules attached even to this system. The main
one is that each pairing must contribute two offspring to the new gener-
ation. This is the same as before, of course, except that now there is no
insistence that the pairs of offspring must be consistently of the same or
unlike sex. Nor is there any need for the number of animals to be invari-
ably four or eight. The numbers kept for breeding in each generation must
necessarily be in multiples of two but this means that it is possible to have,
for example, six or 10. However, there are certain rules which must be
observed if the system is truly to be one of minimized inbreeding.

Though the choice of sex is left open as regards individual pairings, the
total number of cats per generation must be equally divided into males
and females. Thus, strictly speaking, complete freedom of choice only
exists for the initial animals. Later selection of animals must take into
account that the sexes should balance.

The advantages of the present system is the greater freedom of choice
for at least half of the animals and that the pairing between the selected
individuals need not follow a defined pattern. This is true, provided there
is no inadvertent brother-to-sister pairing for too many consecutive gener-
ations. In fact, for the system to function as minimized inbreeding, it may
be necessary to arrange that some brother-to-sister pairings are deliber-
ately interspersed among more distant pairings. This policy implies that
pairing within the system is not entirely at random but ought to be
planned to some extent. At least, the pairings in successive generations
have to be watched so as to avoid prolonged inbreeding, inadvertent as
this may be. .

Similarly, care must be taken that a group of eight breeding animals,
for instance, are truly interbreeding and are not by mischance actually
divided into two lines of four. The two cousin systems described above,
on the other hand, obviate these worries because all of the pairings are
fixed beforehand.
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O_nce ml?reeding depression has set in, sooner or later it is difficult to
avoid making an outcross if the strain is to be saved. It is possible that
one 'of the present breeding systems may defer the event and it is just
poss1ble_ that .ruthless selection within the system might counter the
depression. It is a hope, if the avoidance of outcrossing is that important.
The usefulness of the two systems is that of a holding operation until
suitable animals become available to which an outcross may be made.

Synopsis

The EHETEH &1 selection versus iﬂbreedin}-can be contrasted as follows:
Selection Inbreeding

Small dec!ine of hete;ozygosis Steady decline of heterozygosis
Perpetuation of certain genes Steady fixation of all genes
Increasing phenotypic similarity Increasing genotypic similarity

_ A first reading of the tendencies induced by either selection of inbreed-
ing might cause one to consider that the two processes are complemen-
tary and all one has to do is select the right animals and inbreed them. In
very favorable circumstances, this might be feasible. The outcome would
be a low level qf heterozygosis, perpetuation of the desired phenotype and
both phenotypic and genotypic fixation. Unfortunately, in practice, it is
usually impossible to obtain animals correct in all of the characters \;vhich
should be considered and too much inbreeding could bring about fixation
of bad points before these can be eliminated.

A compromise has to be found and, generally, this will have the form
of selective breeding (using any method which seems best for the
prol?lem in h_and) in conjunction with moderate inbreeding. The ration-
ale is that this program should bring together desirable combinations of
genes and hold them until the inbreeding has led to the appropriate
fixation. It must be emphasized that this is a general compromise. In
special circumstances selection with the barest inbreeding may be the
correct policy or selection with intense inbreeding may be more fitting
In essence, the degree of inbreeding is the factor which cannot be
decided without knowledge of the problems to be overcome or the
ultimate goal of the breeder.

e
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Technical appendices

A: Calculating inbreeding from pedigrees

Inbreeding may be easily seen on the standard f01:|r or _fi_ve geperatlon
pedigree. The pedigree should be visualized as being d|v_|ded into two
halves or ‘sides’. Each side consists of those ancestors behind one of the
parents. So the first side are the ancestors behind the sire and the second
are those behind the dam. Inbreeding of some degree is present whenever
an ancestor is present in both the sire’s and the dam’s sides, regardless of
the generation in which it appears. ) o

The impact of the inbreeding in a pedigree for an individual cat X can
be revealed by two indicators:

+ The number of different ancestors common to both sides .of the

pedigree. ]
« The number of times a common ancestor is repeated.

A third factor, which is often not revealed by a pedigree, is the degree
of inbreeding for the common ancestor(s). That too impacts overall inbreed-

ng. ]
I ?A four generation pedigree for an individual cat _consmts_of 30 ances-
tors, plus the cat. If all of the 30 ancestors are different, |nbrged|ng is
absent. If one or more ancestors are repeated, whether on one side or on
both, then there is inbreeding present. However, if the repeat occurs in
either the sire’s or dam’s side of the pedigree, there is inbregc_hng for the
sire or for dam, but not for the individual cat. For the ir_1d|V|duaI to b’e
inbred, the repeated ancestor must be found on both the sire’s and dam’s
sides of the pedigree.

Without any calculation it can be seen that the more remote the common
ancestor, the less inbreeding is present. However, the exact c_iegree, or
closeness, of the inbreeding can be calculated by using the pedigree.

Taking the standard four generation pedigree with 30 ancestors of cat X,
it shows 15 ancestors on the sire’s side (indicated by the prefix S) and 15
on the dam’s side (indicated by the prefix D) of the pedigree. The numbers
in the pedigree represent the positions of ancestors for .the two groups. For
instance, the sire and dam of X are S1 and D1, respectively, while the four
grandparents are S2 and $3 and D2 and D3, respectively, and so forth (see
Fig. 7.3). s

ql'hertl is inbreeding whenever one or more common ancestors occur on
both sire’s and dam’s sides of the pedigree. For example, a mating bv:atween
a half brother and sister (that is cats having the same sire but different
dams) will be shown in pedigree as an identical male at positions S2 fmd
D2. If individual cat X is the offspring of a full brother and sister mating,
not only would the same male be shown at positions S2 and D2, but the
same female would be at positions S3 and D3. . )

The calculation is easy to do for the simplest cases of inbreeding. The
procedure involves straightforward counting. Consider thg half brother to
sister breeding. Starting with the sire’s side of the pe_dlgree, count the
number of generations forward from S2 to X, that is 2. Then count
backwards on the dam’s side, that is 1 step. Add these two flgures, namely,
2 plus 1 to give 3. Take that number and multiplying 1/2 by itself th_at many
times, or 1/2 3 1/2 3 1/2 = 0.125. The final value is the amount of inbreed-
ing for a half brother to sister mating, which is usually stated as a percent-
age or 12.5 per cent.
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The full brother to sister mating is calculated in a similar manner, except
now there are two common ancestors to be considered. The second
common ancestor occurs at positions $3 and D3. The number of genera-
tions will be 2 from S3 to X and 1 back to D3, namely, 3. Multiplying 1/2
by itself three times gives 0.125 or, as a percentage, 12.5 per cent. Note
that the resuits are exactly the same as the previous calculation. This is
because the repeated ancestors S2 and S3 occupied similar positions in the
pedigree. ’

Clearly, as both the common ancestors are contributing to the inbreed-
ing, the values for each are added to give 25 per cent as the total inbreed-
ing for X. As might be anticipated, the amount of inbreeding is thus twice
that for half brother to sister mating (25 versus 12.5 per cent).

The full brother to sister mating is one of the closest forms of inbreed-
ing. There is only one other as close - this is the mating of a parent to an
offspring, either father to daughter or the less common mother to son. Take
the more common example for a moment. The father will occupy paositions
S1 and D2 in the pedigree for such a mating. Counting in the usual manner
gives forward from S1 to X, namely, 1, and back from X to D2, namely, 1.
The total is 2. Multiplying 1/2 by itself gives 0.25 or 25 per cent. This is the
identical percentage as found for brother sister mating. A similar count for
the mother to son mating will reveal the same degree of inbreeding - 25
per cent.

A frequently encountered pairing is between first cousins. In a pedigree,
this would appear as ancestors $2 and D3 having the same sire and dam,
S4 and S5, and D6 and D7, respectively. Counting the generations for the
sire gives 3 from S4 to X and 2 from X to S5, making 5 in all. The usual
calculation produces 3.125 per cent as his contribution to the inbreeding.
A similar count for the dam also gives 3.125. Adding the two values gives
6.25 per cent as the total inbreeding for a mating of what are sometimes
called single first cousins.

It is always important to remember that the common ancestor is not
counted when calculating the amount of inbreeding. That is because it is
the number of generations (or individuals) separating the common ances-
tors which is important, a number which includes the individual cat X itself.
Beginners frequently include the common ancestor in the calculations,
because they feel that it must be involved in some manner. To do so always
results in a significant underestimation of the amount of inbreeding.

Extending the analysis of inbreeding for many generations eventually
becomes quite onerous, at the level of pencil and paper. However, the
analysis can be greatly extended by the use of special computer programs

which are incorporated with some pedigree software packages.

B: Complex inbreeding

It is superfluous to say that inbreeding can take many forms. It is obvious
that the degree of inbreeding can vary from the intense (say, brother to
sister or parent to offspring matings) to the very weak (where the familial
refationship is not so distant that it may not even be regarded as inbreed-
ing). Yet, if a collateral relationship can be shown between the parents, the
offspring are inbred to some extent.

However, this is only the beginning of the story. An individual is inbred
to some degree if it has an ancestor in common in both the sire’s and dam’s
halves of the pedigree. Now, two situations arise: the common ancestor
may occur but once, or it may recur a number of times. Several examples

i |
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Pedigree positions

X
1st
Generation
D1 | ‘ [ 3]
2nd | 2nd ]
Generation| Generation

|
] [ D3 — s | | [ s3
- 3rd 3 — 1 1 3rd ]
Generation Generation| |Generation|

D4 5 s N s7
D4 D6 D6 D7 84 S5 S6
4th 4th 4th l 4h 4h 4th 4h u ath
Generation| |Generation| |Generation| |Generation| ,Generatiogj |Generanon Generation| | Generation

Figure 7.3 An example of a pedigree showing 3 generations of ancestors plus the
individual cat (4 generation pedigree)

described previously for either situation. ) .
ha¥ﬁebg‘ta)2ve may bepcited as the simplest ins.tances of inbreeding. More
complicated cases are where two or more dlfferer_nt common angcestors
recur in the pedigree. It is easy to imagine that thg |pbreed|ng could vary
from the slight to quite complicated cases. Within a four—_generat_lon
pedigree there is not a great deal of scope for r.eally complex inbreeding.
However, if a pedigree is extendeg to include s:x, seven Or more genera-
i he inbreeding could easily become complex. .
tlo'?ﬁ;a:e is yet anotl?er dimension of inbreeding which must be cons_ldgred.
This is where a common ancestor is inbred itself. The effect pf .thIS is to
intensify the amount of inbreeding. That is to say, the amount is lqcreased
over and above that expected if the ancestor was not |nbn_ed. The increase
reflects the presence of the remote common ancestors which contribute to

i ing.

th?A:]nt:aT:r?\pI% will show how allowance is made for the effect 'of the
inbreeding within a common ancestor. The allowance precedes in two
stages. First of all, the inbreeding of the common ancestor must be calcu-
lated. Suppose that the ancestor is S2 shown on F|g._7.3 who is the progeny
of a haif-brother to half-sister mating in generatlon_four (r]ot shown),
namely S8 and S10 are the same male. The amount of_ inbreeding for hatf-
brother to sister has been worked out previously and is 12_.5 per cent.

If the male S2 occurs only in the male side _of _the pedigree for X, the
inbreeding would not have any effect on X. Thls is because the ancestor
must occur in both sides of the pedigree. Imagine now that $2 does occur
on both sides of the pedigree, namely, additiona_lly in position D2. Individ-
ual X is now the product of a half-brother to sister mating in the fourth
generation, namely the DS and D10 is the same male as SS and S10. All
other ancestors are assumed to be different. ] )

If the inbreeding for X is a simple half-brother to sister mating, the
amount will be 12.5 per cent. The path value in thes_e circumstances would
be ($2)-S1-X-D1-(D2). However, the present case is not s:mple., for the
common ancestor for this inbreeding at positions .SZ and DZ_ is inbred to
the extent of 12.5 per cent. To allow for this inbreedt_ng, a specualﬂterm must
be added to the path value. The term may be defined as the ‘inbreeding
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term’ and is found by multiplying the path value by the inbreeding of the
common ancestor, namely 0.125. This will give 0.125 3 0.125 = 0.0156. Or
1.56 per cent The inbreeding term is added to the path inbreeding of 12.5
per cent to give 14.06 per cent as the final amount of inbreeding for the
path.

When a pedigree under study has common ancestors, which are inbred
themselves, the procedure is to calculate the amount of the inbreeding for
each of the ancestors before proceeding to calculate that for X. Derive and
make a note of the inbreeding term for each inbred ancestor. The method
of paths should be used for analyzing the pedigree as a whole. The reason
for this will become apparent later.

When each path for X has been calculated and, shouid the common
ancestor be inbred, add the relevant inbreeding term to the path. The result
will be the final value for the path. Sum these final values over all paths to
obtain the amount of inbreeding for X.

Unfortunately, inbred common ancestors introduce a complication. The
most important thing to keep in mind is this principle: the rule for a vaiid
path is that all of the connecting ancestors must be different. Or, to reverse
the rule, the invalid path is one where a connecting ancestor is present
twice.

Unless the pedigree covers merely a few generations and the indicated
inbreeding is simple, novices are forced to use paths for their inbreeding
study. The method does have several advantages for large pedigrees. The
most important is that this process could reveal unsuspected paths which
otherwise might be overlooked. Remember, valid paths are those where all
the connecting ancestors are different. However, even invalid paths have a
function in such a study: these could easily reveal inbreeding of a common
ancestor.

This analysis can be tedious and time consuming. Fortunately, computer
programs are now available which can cope with quite large pedigrees with
complex inbreeding determinations.

C: Law of descent

It should be apparent that the pedigree of an individual cat can yield
valuable information on its constitutional background. The breeder who has
most to gain from a study of a pedigree is someone who is familiar with
the ancestors featured in it. Knowledge of the ancestral cats can be a useful
guide to the breeding potential of the individual.

It is useful to yield some idea of the relative contributions of the ances-
tors making up the pedigree of an individual cat (say X). Is one more impor-
tant than the others? If so, it would be desirable to know which ones. There
is also the evergreen question of the amount of inbreeding.

To keep matters simple, oniy four or five generation pedigrees will be
considered but the principles outlined can be extended to any number of
generations. Consider first, the number of individuals involved per genera-
tion. These may be showed in Table 7.3 where X is the individual of the
pedigree, 1 is the parental generation, 2 is the grandparental and so on. As
is well known, the number of ancestors doubles for each successive ances-
tral generation.

Now, it may be stated that the parents contribute equally to the individ-
ual. Therefore, each contributes one half to the heredity of the individual.
Each of the four grandparents contribute one quarter, and the great-grand-
parents each contributes one eighth, and so on. This is Francis Galton's
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Table 7.3 Number of generations and number of cats in each in a five generation pedigree

Number of generations X 1 2 3 4 5
Number of cats in each 1 2 4 8 16 32

‘Ancestral Law of Inheritance’ which was formulated in the late nineteenth
century. The concept seems plausible and affords a useful mental picture
but it should not be taken too literally because it fails to take account of
the segregation of the genes.

The genes, whether considered singly or in total are present twice in the
individual but once in the germ cells. Obviously, the fusion of germ ceils
at fertilization restores the double representation of the genes for each
generation. This means that the chance of a particular gene being passed
on from one parent to the next is one half. As this occurs for each gener-
ation, the probability of a particular gene being passed on from a grand-
parent is 1/2 times 1/2 equaling 1/4.

For the great-grand-parental generation, the probability is halved again
as 1/2 3 1/2 3 1/2 = 1/8. Generalizing, the probability is 1/2 multiplied by the
number of generations (n) removed from the individual or the reciprocal of
the number of ancestors in the ‘nth’ generation.

Suppose now, that one particular ancestor occurs more than once in the
pedigree. The probability of genes descended from that ancestor is
increased. The above calculation is made for each occurrence and the
results are summed. Note, that the recurrence need not be in the same
generation. For instance, a common ancestor in the third and fourth gener-
ation has a probability of 1/8 plus 1/16 equaling 3/16 or 18.75 per cent. Had
it also recurred twice in the fourth generation, this would have added
another 1/16 to the probability, namely a total of 15 per cent. The result is
in keeping with commonsense because the more an ancestor recurs, the
greater is its contribution. These calculations show how it is possible to
place a value on the probability for the contribution.

The above discussion has focused on ordinary descent, that which is
unconnected with sex. In general, descent through the female is similar to
the above and does not require special mention. However, the situation is
different for the male. Genes carried by and exciusive to the male, i.e. those
on the Y chromosome, are transmitted directly from father to son. These
are very rare and are usually ignored unless special circumstances demand
their attention.

What is happening at the level of the genes? The genes are present twice
in the individual but once in the gene cells. Imagine that an individual A
with the genes AA, is mated to an individual B, with has the genes BB. The
offspring will have the constitution AB, receiving one gene from each
parent. The offspring can pass on one only of the genes, either A or B at
a probability of one half. This must be so because there are only two alter-
natives. It gene A is passed on, individual A’s contribution is passed on but,
if gene B is passed on, individual A’s contribution is lost. This event will
occur for each generation, with the equal possibility of 1/2 of either being
passed on or being lost.

Under the law of compound probability, each single probability must be
multiplied together to give the final probability. If individual A occurs in the
third ancestral generation, the final probability will be 1/2 3 1/3 3 1/2 = 1/8
or 125 per cent. This is the value derived previously with a genetic
meaning. It is the probability of the genetic contribution of progenitor A -
the probability that some of its genes have survived the passage over the
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Table 7.4 Probability of genes surviving over successive generations

Number of generations 1 2 3 4
Probability (%) 50 25 125 6.25

generations.

To calculate the probability of a single descent, it is only necessary to
knoyv the number of generations a progenitor is removed from X in the
pedigree of X, whence a table of probabilities can be prepared once and
for all {see Table 7.4).

The number of generations removed is the same as the position of the
ancestor in the pedigree. This principle may be termed ‘Law of Descent’.
The total probability is the sum of probabilities for the number of recur-
rences of the ancestor.

The following is an interesting situation. The third generation consists of

eight individuals, four males and four females, each with the probability of
12.5 of contributing genes to the individual X. Now, it is possible that each
male and each female could be the same two cats, respectively. This means
that, for each sex, there are four chances of the genes being passed on and
that these must be added as stated earlier, to give a total probability of 12.5
+ 12.6 + 12.5 + 12,5 = 50 per cent. There are only two different ancestral cats
in the third generation and each contributes 50 per cent which, when added,
gives the complete determination of the individual.
) The sum of probabilities for individual X cannot exceed 100 per cent as
in the case just considered where the two ancestors have contributed 50
per cent. The complete determination for X, in terms of probabilities for
any generation, may be found as follows. Each line of descent must be
considered and, for any ancestral generation, these will equal the number
of ancestors. This is shown explicitly by the example just considered, where
eight lines correspond to the eight ancestors of generation three.

_Tracing lines of descent back to ancestors in different generations may
raise a point which could be a source of confusion. Each successive gener-
ation opens up two additional lines. If one of these ancestors has been
previously found to be the terminating ancestor of a line, the tracing must
stop at this point and the probability computed for each line to derive the
total pl:obability. When a repeated ancestor occurs in different generations,
some lines may be left ‘dangling’, as it were. These will be the partners to
the ancestor. To complete the analysis of the pedigree, probabilities must
be calculated for these even if they are ‘loners’; occurring only once in the
pedigree. Adding these will be a check on the calculations as the total
probability must sum up to 100 per cent.

Should it be desirable to consider the particular contribution of a remote
ancestor, it is possible that an earlier repeated ancestor may stand in the
way. To perform the calculation in this case, the earlier ancestor should be
ignored. However, if an ancestor is bypassed in this manner, all occurrences
of the ancestor must be similarly bypassed. The calculations should
proceed as if the ancestor represents two different individuals.

The contributions of recent ancestors are of greater importance than
those of earlier generations and should be given preference. The contribu-
tion of a remote ancestor can be very small and, at some stage, can be
considered to be negotiable. Two commonly adopted ‘cut out’ levels are
when the contribution is less than 1 and 0.1 per cent. These levels will be
when a repeated ancestor first appears at the seventh and 10th generation,
respectively. The only exception is where the ancestor recurs as, even at
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these distant generations, the contribution may not bg negligible_. Howeve!;,
few breeders feel the need to trouble themselves with generations so far
removed from the present. Indeed, a genealogical computer program may
be required to handle the very large number of ancestors involved and to
perform the arithmetic. )

Although the contributions for various ancestors can only pe expressed
as probabilities and should not be taken as absolute determinants of the
total genetic constitution of individual X, they should, however: be regqrded
as useful guides. The derived probabilities are open to two different inter-
pretations depending on the adopted vigw point; v_vhether that of descent
of a particular gene or that of the genetic constitution as a wholg.

At the level of an individual gene, the probability is that of a given gene
being descended from a given ancestor. A gene commences its transmis-
sion at 100 per cent but has a finite probability of be:mg lost at each gener-
ation. At the level of the total number of genes, whlc_h_ for a cat may be in
the region of between 50 000 to 100 000, the probability may b.e regarded
as the percentage of this number which has descended from a given ances-

tor.

D: Pedigrees

Breeders and geneticists both need the information provided by accurate
pedigrees. However, over time, they have slightly diverged on how they

label these:

« When breeders and registries refer {o an ‘n’ generation qedigree, they
usually include the cat whose pedigree they have in' counting. Tf.lus., for
a breeder or cat registry, a four generation pedigree includes the individ-
ual cat plus three generations of ancestors (_see Fig. 7.3). i )

« When a geneticist refers to a pedigree with four generations, he is
usually referring to one with the individual cat plus four generations of
ancestors (see Table 7.3).

Chapter 8
Coat inheritance

Coat composition
Long hair
Genes and rexing
Wire hair

Coat composition

Before discussing the distinctive features of the various coat texture genes,
the different hair fibers that make up the normal coat need to be
described. Three main types are recognized:

¢ Guard hairs.
® Bristle or awn hairs.
e Down or wool hairs.

The guard and awn hairs are sometimes called, collectively, the top-
coat, and the down hairs, the undercoat. All of the hair types serve a
function in the animal:

* The down hairs serve mainly as an insulating barrier against excessive
heat loss.

* The guard and awn hairs serve as a protective covering to the soft
undercoat and provide sensory functions.

* The vibrissae or facial whiskers are extra stout hairs devoted primarily
to a tactile function.

The three hair types are distinct and their unique appearance may be
differentiated with the aid of a good lens. The guard hairs are normally
straight and taper evenly to a very fine point. The awn hairs are thinner
than the guard hairs and have a characteristic thickening in diameter
(subapical swelling) near the tip of the hair before tapering to a fine point.
The down hairs are the thinnest of the three types. They are of similar
diameter throughout their length and are more or less evenly undulated
or ‘crimped’. The appearance of the awn hairs tends to be the most
variable. Some may approach the guard hairs in thickness and form; while
others may approach the down hairs in thinness, even to the extent of
becoming crimped and showing a barely perceptible subapical swelling.
The latter have been called awn-down hairs. If necessary, it is possible to
distinguish three categories of awn hairs, but it must be emphasized that
all three categories can overlap in appearance. The guard hairs are slightly
longer than the other two types and the awn hairs are longer than the
down hairs. This difference may result, in part, from the crimping.

All three hair types display a rather abrupt constriction in diameter at
the point of entry into the skin. But they thicken again subcutaneously to
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form a slightly elongated club. This constriction probz}bly enablc;s (he §k1n
follicle surrounding the hair to grip and hold the halr.. The hair lies ina
sheath of flexible and probably contractile tissue that is of smaller diam-
eter than the club. The club functions as an anchor, working in conjunc-
tion with cell adhesion at the base of the thickened reg_ion, to hold the
hair in place. The adult cat has a diffuse molt. New hairs are produced
throughout the year while old hairs are being shed. This is combined with
a seasonal molt in late summer where replacement of new hairs r.eaches
a peak, then gradually slowing to its lowest point in mid-winter. This cycle
is similar for both sexes, except that the male begins to molt his coat about
two months in advance of the female. Neutering of males appears to have
no effect on the amount of molting nor on the cycle. The hairs of the
winter coat are slightly longer than those of the summer coat, possibly as
a result of an extended growth period. o )
The coat of the longhaired cat contains all three types of hair fiber. Their
form appears to be unaltered except for length. The re_:lparkable difference
in length between the random-bred cat and the 3X]11b1t.1011 _long hair is due
to modifying genes. Long hair is a result of an extension in the period of
hair growth, However, the ultra short coat of the Cornish Rex, for exgmple
(see later), is most likely caused by a slower rate of growth. The per_lod of
growth remains the same or similar between the normal and rex animal.

Rex hair

Tt is a common fallacy that the rex genes completely climinate guard and
awn hairs. This is a very over-simplified picture of the changes th_at take
place. The typical soft rex coat is produced by abundant down hairs that
are more or less normal. However, all of the various hgnr fibers are
reduced in length and thicknéss, with the guard and awn hairs affected to-
a greater extent than the down hairs. In some individuals, the g_uard hallrs
may indeed be largely suppressed but, in most, the guard hal_rs persist.
However, they so closely resemble the down hairs that a microscopic
examination is necessary to distinguish them from one another. In some
animals, the guard hairs can be seen above the undercoat as mere shadov{s
of their normal selves. The length of the rex coat is variable and this
probably parallels to a great extent the variation fgund in norma_l coats.
The nature and degree of wave or curliness varies between different
animals. It is related to the length of the hair fibers, the presence qf an
exaggerated curvature to the rex hair qnd the tendency for f[he individual
fibers to ‘lay’ in a similar direction. This can cause a streaming effect and
brings about a marcelled type of wave in contrast to a more _randomlzed
pattern of tight curls. Rex cats with these two extremes o_f curliness appear
very different. They also differ markedly from the rex with a smooth coat
having a minimum of wave or curl. _ ' )

Five of the various rex coats have been cxamined in detail. In three
rexes (Cornish, German and Oregon) the guard hairs appear to be lacking
or, if not lacking, reduced to the appearance of awn hairs. This is in
contrast to the Devon and Selkirk Rex that have all three hair types. The
number of guard hairs vary from cat to cat; many display the subapical
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swelling that is characteristic of the hair type. The relative thickening,
however, does not seem to be as great as that shown by the normal awn
hair. In fact, it is not unusual for the distal swelling to be absent or barely
perceptible. In this event, the hairs have the appearance of extra thick
down hairs. It is not uncommon for a graduation in thickness to occur
between the down hairs and the presumptive awn type hairs. This aspect
may not have special significance, as awn hairs can also be highly variable
in normal coats.

The German Rex coat contains awn hairs more persistently and more
obviously than in the other rex breeds. In fact, no individual has yet to be
found without them. The difference in thickness between the down fibers
and the awn hairs is more marked and the subapical swelling is a little
more pronounced than that found in the awn hairs of the Cornish Rex.
The awn hairs in the German Rex would seem to reach a higher level of
development than the Cornish. Not only are the awn hairs more well
formed, but they seem to be more abundantly distributed in comparison
with those present in the Cornish Rex coat. It is of interest that, while the
awn hairs vary in thickness, there is no real evidence for the presence of
a third type that could be labeled a guard hair. As the Cornish and
German rexes have been shown to be mutations at the same locus, the
variation in number of awn hairs probably reflects a difference of genetic
background between the West of England and East German cat popula-
tions. That difference would be that the German population contained
polygenes that encouraged the formation of numerous awn hairs.

The awn hairs are just slightly more well formed in the German Rex
compared with those of the Cornish; however, the awn hairs of the Oregon
Rex are even more well formed and thicker than those of the German. In
the Oregon Rex, awn hairs are abundant in all fur samples examined and
show unmistakable subapical swelling. The awn hairs also seemed to
project a little more above the general coat level provided by the down
hairs. This is supported by the impression that the Oregon awn hairs are
noticeably less bent and curved over than those of the Cornish and
German rexes. Once again, though the Oregon awn hairs show variation,
there is no indication that a guard hair type is present.

The coat of the Devon Rex, in contrast, appears to have three types of
hair. Both guard and awn hairs seem to be represented by stouter hairs
of two grades of thickness. These hairs, however, are more grossly abnor-
mal than the awn hairs of the other rexes. Instead of being of even or
smoothly changing diameter, they are strikingly uneven and given to
excessive constrictions in places. They also terminate abruptly in many
instances, as if growth never began as a fine point or as if distal portions
have been broken off. This latter possibility is supported by the observa-
tion of broken, but unparted, hairs on several occasions. This has not been
observed in hair samples of any of the other rexes. The Devon Rex guard
or awn hair could be more brittle than the ordinary hair or the irregular-
ities of diameter noted earlier could produce weak points along its length.
The constant grooming by the rough tongue of the cat could be responsi-
ble for the breakage. The Devon Rex rarely has a full complement of
whiskers, not even as a young kitten. As older kittens or as adults, it is
quite common for the whiskers to be absent or merely represented by a
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few bent stubs. This is a trait the breed shares with the Selkirk Rex. The
Devon Rex also experiences a rapid loss of hair before the growtl_l of a
new coat, a feature unique to the breed. The coarse hairs present in the
Devon Rex can be identified by a sensitive hand. It is these which set it
apart from the other rex breeds. ) ) _

The Selkirk Rex, like the Devon, exhibits all three types of hairs. Micro-
scopic examination of the coat reveals that the hairs are shorter and
thinner than normal. The coat on the body has sparse guard and awn hairs,
a finding that would account for the softness. However, long thin guard
or awn hairs were more prevalent on the tail. The whiskers and brow hairs
are short and crooked and easily broken off. ]

The question that now arises is how much of the observed dlfferences
is due to the action of the rex genes themselves and how muct{ is due to
the genetic background? Only extensive intercrossing of the various rexes
could provide a positive answer to this question. Unfqrtunately such inter-
crossing is not likely to occur. On the other hand, a little speculation may
be in order. As will be discussed later, simple crosses between the Cornish,
Devon and Oregon rexes have determined that each one is caused by a
distinct, recessive mutation. The Selkirk Rex is unique in that it is caused
by a dominant gene. Because of this, it is improbable that each gene will
produce exactly the same biochemical effect, implying that differences due
to the type of rex gene may well occur.

Long hair

The longhaired cat owes its unusually profuse coat to a reces_sive gene with
the symbol /. This trait is most likely caused by a mutation in a gene
responsible for producing a factor that defines the period of the growth
cycle of the hair. Without a proper chemical s1gna1 to end the growth
cycle, the period (known as the anagen phase) is abnormally extended.
The length of coat is variable in the normal cat and these differences are
more pronounced in the long hairs. The random-bred long hair has a
shorter and coarser coat than that of the exhibition animaI: In the latter,
the coat is not merely longer but also feels more silky. This could result
solely from the increase in length, but it scems possible that there has been
a greater proportional increase in the length of the down hairs. The effect
of this would be to produce a ‘fuller’ coat of exquisite texture. These
differences of length and texture are due to polygenic factors and are the
consequence of decades of patient selective breeding. Cats heterozygous
for this factor may have identifiably different coats from a homozygous
shorthair.

Genes and rexing

Cornish Rex

The first of the mutants to become popularly known was discovqred in 1?50
and is the Cornish Rex (or rex-1, as it was formerly known). This mutation
is inherited as a recessive trait and has the symbol r. The rex coat is very
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different from the normal coated cat and, once seen, can never be forgot-
ten. The coat is soft to the touch, mole-like, with an apparent absence of
projecting guard and awn hairs. There is a definite tendency towards
waviness in many individuals, which produces either a marcelled effect or
that of waves of tight curls. The whiskers are shorter than normal, more
curved and often bent. This latter feature provides a ready means of identi-
fication of rex homozygotes from an early age. The coat density varies from
a thin, limp covering to one in which the hairs form a thick even pelage.

A longhaired Cornish Rex has been produced. The resulting animal is
clearly rex as evidenced by its bent whiskers. The coat fibers are longer
than normal but shorter and seemingly thinner than those of the ordinary
long hair. The coat, therefore, has features of both hair types. This shows
that the action of each gene is independent of each other and can function
in combination.

Devon Rex

A second rex mutant was found in Devonshire in 1960. Crosses between
it and the Cornish Rex soon revealed that the two are unrelated. The
Devon Rex gene behaves as a recessive trait and has been symbolized by
re. The new form was known as rex-2 for a period, but this ungainly desig-
nation has been discarded in favor of the more appropriate title of Devon
Rex. In appearance, this rex is very similar to the Cornish. The coat is
short and even in length, with a spurious lack of guard hairs by ordinary
inspection. Again, there is a tendency towards waviness. There is a greater
propensity for the Devon Rex to lose its coat and to have bare areas,
especially on the belly, which persist until the next molt. The amount of
hair loss varies between different individuals and is seemingly due to genes
inherited independently of the rex gene.

A notable and probably a distinctive feature of the Devon Rex relates
to its whiskers. The whiskers of the majority of animals are lost at an early
age and many animals never seem able to retain more than a few stubs for
any length of time. The existence of these stubs is suggestive that the
whiskers are lost by breakage, rather than by a falling out of the hairs.
Even at the best of times, the Devon Rex cat never, or rarely, has such a
full complement of whiskers as carried by other rex mutants. The effect is
enhanced by the relatively greater crookedness of those which do remain.

It is not entirely certain if the homozygous ‘double tex’ of genotype
rrrere has been produced bu, if it has, it will be a rex cat possessing the
main features of each mutant. The coat would be expected to be softer in
texture than the coat produced by either mutant by itself. The coat would
lack guard hairs (due to the effect of r) and have hairs with constrictions
along their length (due to re). The whiskers would be sparse or mere stubs,
due againto re. There may be bare areas. One such rex has been identi-
fied by microscopic examination, but not confirmed by breeding tests.

German Rex

A third rex has appeared in East Germany, in East Berlin to be precise,
in 1951. There is circumstantial evidence that the animal,‘a female, was
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born several years previously and could be the first of the recognized rex
cats, chronologically speaking. The coat is typical, being smooth and soft,
with a tendency to wave. There is an apparent absence of guard hairs and
the whiskers are bent. Experiments soon disclosed that the German Rex
was inherited as a recessive trait. The most interesting finding was not
made until many years later. A few animals had been exported to the
USA. There crosses between Cornish and German rexes produced rex
kittens. This revealed that the two rexes genes are mutations at the same
locus.

Oregon Rex

One of the most interesting of the various American rex mutants is that
known as ‘Oregon Rex’ after its place of origin. The symbol ro is used to
represent this gene. This rex was found in 1959 and was being bred by a
group of enthusiasts for a while. Now, it appears to no longer be a viable
breed. It is inherited as a recessive to the normal coat as in the case of all
of the previous rex forms. Crosses between the Oregon Rex and both the
Cornish and Devon rexes have produced kittens with normal coats. Thus,
it would appear that multiple independent rex mutations are known for
the cat.

Selkirk Rex

A new type of rex was discovered in Montana, USA, in 1987. The Selkirk
Rex gene is inherited as a dominant trait, unlike the other rex genes. Itis
symbolized by the designation Se. At birth and as kittens, the coat is soft
and wavy. By approximately two months of age the coat is at a phase
where it is less curly. It then gives way in the adult cat to a dense, excep-
tionally soft and wavy coat. The combination of the Selkirk Rex gene with
long hair results in a longer coat that is soft to the touch although the
waviness can be less evident. The homozygous animal appears to have an
identifiable appearance, with tighter curl, but a less dense coat. Like the
Devon, whiskers appear to be very brittle, and break off easily.

Other rexoid mutants

It is of interest to record that even instances of rex mutants have been
observed. One occurred in Italy about 1951. Little is known of the Italian
rex except that three rex kittens were born by a normal mother. Without
placing undue emphasis on this evidence, it could be surmised that the
form is due to a recessive gene. The Oregon Rex of the USA has already
been described, but it is worth mentioning that other cases have been
reported from the USA. By all accounts, these have occurred at widely
separated points. A form from Ohio was observed as early as 1952 but
was treated very casually and was allowed to die out. Several rex animals
were bred from the same normal coated parents. This would suggest that
a single recessive gene has been observed.

Another instance occurred in California in 1960, apparently combined
with long hair. Interbreeding with normal coated animals indicated that
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the rex type was inherited as a recessive. Hearsay evidence has it that
crosses between the Californian rex and the Cornish Rex produced normal
lglltten]sj. Rexed kitte‘ljls, with a recessive mechanism of inheritance, have

so been reported in the Maine Coon and c i i
(Himalayan) breeds. elorpointlonghaic

All of the early occurrences of rexoid mutants have been, or are
surmised to be, inherited as recessive to normal coat. This is not obliga-
tory, of course. More recently, two cases of rex type coats have found to
be inherited as dominant to normal coat. The first occurred in Holland;
and there was some indication that the gene was not fully dominant, the
homozygote appearing to have a more sparse coat than the heterozygote.
The second case is the Selkirk Rex that was discovered in the USA and
described above.

Wire-hair

The wire hair coat mutation occurred in the USA. It seems to be inher-
ited as a simple monogenic trait with incomplete penetrance, dominant to
normal coat. The mutation is designated by the symbol Wh. In appear-
ance, the coat is rough and unruly in contrast to the smooth even coat of
the norma_ll animal. All three hair types are present but are abnormal. The
guard hairs appear thinner than normal and are curved rather than
stljalght. The awn hairs seem to be characteristically abnormal. These are
thin but have the typical subapical swelling. Most of them show exagger-
ated undulation and a ‘shepherd’s crook’ type of configuration in the
region of the subapical swelling. The down hairs also display exaggerated
and irregular curvature; unlike the more regular undulation of the normal
hair. The overall effect is a sparse, wiry coat, coarse to the touch.
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Introductory note

In this section colors and patterns are described in a technical sense only.
The various registries around the world use some of these terms in very
defined ways. For example, Siamese refers to the point-restricted color.
Registries themselves differ on what colors are allowed to be shown under
that breed name. The same is true for terms describing color placement
and distribution. Here, references to black and white encompass every-
thing from the van pattern to harlequin through _bicplor to particolor, to
use just a few of the terms in registry color descriptions. .

It should be kept clearly in mind that genetics and registry terms are
linked but not mecessarily equivalent. It is best to keep in mind the
registries’ place in the breeder’s litany: just begause you can breed it do.es
not mean you have a right to register it; and just because you can regis-
ter it does not mean you have the right to show it. :

A standard of comparison

In order to clearly describe variations in phenotype seen in a particular
species, it is important to have a standard against which each individual
can be compared. By convention, this standard is the. phenotype seen in
the natural, original state of the species. For instance, in domestic animals
this standard describes the original, non-domesticated ancestor. In cats,
this phenotype is that of the short coated, mackerel striped tabby as found
in the European wild cat (Felis silvestris). Specimens of this type of tabby
may be seen in almost all mongrel cat populations throughout the vyorld.
The genetic basis for this coloration has been passed down from primor-
dial wild ancestors and persists more or less unchanged to the present day.
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Eye color

Eye color in cats displays a remarkable degree of variation. The iris color
may represent shades from chartreuse to emerald green, from gray-green
to gold, from yellow to deep copper, or from pale gray to sapphire blue,
depending on the breed. The more vivid, striking colors often belong to
exhibition animals, while the more intermediate colors belong to random
bred animals. Despite claims to the contrary, there appears to be no
reliable evidence for monogenic control of eye color. The variation from
yellow to orange is particularly distinctive and every graduation in-
between can be seen. It may be assumed that the inheritance of this
feature is polygenic.

A few of the color genes have an influence on eye color and, to this
extent, it is possible to speak of monogenic mechanisms. The most obvious
effect is the blue or bluish eye color produced by the genes for dominant
white, Siamese, and blue-eyed albino and the unique aqua eye created in
the Tonkinese c¥c® heterozygote. It seems feasible that the brown and
dilution genes could have some effect on eye color. If this is so, however,
this effect appears to be masked by the general degree of variability seen
in the shade of eye color. The cat appears to be remarkable among
mammals in having such variation of iris color.

The range of eye color occurring in a population of cats can be influ-
enced by selective breeding. The spectrum of possible eye colors starts
with blue eyes and continues through green eyes, yellow eyes, gold eyes,
copper eyes and concludes with brown eyes, in order of increasing
amounts of eye pigmentation. The deepest blue eyes in pointed cats are
a result of the pigment reducing effects of the albinism allele combined
with a low inherent amount of pigmentation. Thus, full colored cats from
lines producing exceptionally deep blue eyes in pointed offspring, are
more likely to have green eyes. Pointed cats from lines producing deep
copper eyes in full-colored offspring, are more likely to have paler blue
eyes than those from lines producing green or yellow eyed full-colored
offspring.

Tabby and non-agouti

Tabby striping — A-

The wild type tabby pattern consists of black pigment (eumelanin) against
a yellowish ground color (phaeomelanin). The gene that controls the
deposition of color in this manner is highly comserved among all
mammalian species and produces a molecule called the agouti protein. As
a hair grows within its follicle, eumelanin is produced by cells within the
follicle called melanocytes and deposited into the growing hair. As the
amount of agouti protein increases within the melanocyte, eumelanin
production is inhibited, resulting in a shift to production of phacomelanin
that is then deposited into the hair (Bultman, 1994). The agouti protein
also inhibits phaecomelanin, but not as thoroughly as eumelanin. This
results in a hair that is black at the tip, but yellow at the base. This occurs
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for each hair as it grows, resulting in the characteristic ticked, agouti
coloration. The color is most commonly recognized as the natural color of
the wild mouse or rabbit.

The cat, however, possesses a second systemn of pigmentation that these
other species lack, through a mechanism that produces dark stripes inter-
spersed through this agouti coat. This striping is caused by a marked
reduction in the amount of agouti protein receptors or agouti protein itsell
in certain areas of the skin, eliminating the eumelanin to phaeomelanin
shift. Hairs within these regions incorporate the eumelanin pigment from
base to tip. The effect creates the impression of one pattern imposed upon
another; a coexistence of camouflage colors which appears to be standard
to most members of the cat family.

The mackerel tabby pattern can be seen in almost any mongrel popula-
tion. Tt is characterized by the presence of vertical, gently curving stripes
on the sides of the body. These may be continuous or broken into bars
and spots, particularly on the flanks and on the stomach.

A second type of tabby is also found in most mongrel populations. This
is the blotched or classic tabby. The head markings of this form are similar
to those of the mackerel but the body pattern is very different. The even,
vertical striping is replaced by broader bands which form whorls and spiral
arrangements. The legs and tail are more heavily barred. The blotched
pattern is variable with respect to the width of the bands and the amount
of fusion they may display. Where the coalescence is extensive, a very dark
tabby is produced.

Athird type of tabby is found in the Abyssinian breed and has been
passed to the Somali, Singapura, Asian and Oriental breeds (including
Siamese). In this form, the tabby striping is minimized leaving only the
underlying agouti coloration. Little or no evidence of striping is normally
present on the body, though some may be observed on the face, legs and
tail. Usually, the barring is finer than that displayed in the mackerel pattern,
although this is not always so. In the best specimens of the Abyssinian
breed, the legs and tail are devoid of barring or, at least, can only be seen
with careful scrutiny. The depth of color in the phacomelanin band may
vary from yellowish-gray to a ruddy-brown but this variation is independent
of the gene for the Abyssinian tabby pattern. Thus, while the striping is
usually regarded ‘as an integral part of ‘tabby’ coloration (certainly with the
general public), not all genetic forms of tabby express themselves as stripes.

It had been believed for many years that the three forms of tabby
pattern were inherited as an allelic series; however, it now appears as if
at least two, and probably three, different loci are responsible for the
various tabby patterns (Lorimer, 1995). At one locus is the Abyssinian or
ticked tabby pattern, which is epistatic to both mackerel and to blotched
tabby patterns. At another locus are the alleles for mackerel and blotched
tabby patterns, with mackerel dominant to blotched. At another locus
there appears to be a modifying gene for either the classic or mackerel
patterns, resulting in the spotted tabby pattern. Other modifying factors
are undoubtedly present, resulting in the wide variety of striped and
spotted patterns seen in our various cat breeds.

The symbols for the three patterns have traditionally been: Abyssin-
ian, #*; mackerel, T; and blotched, #. However, as recent evidence has
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demonstrated that these forms are not allelic, a different nomenclature,
by convention, should be used. It has been proposed to use the letters
Mc to represent the dominant mackerel tabby pattern, while mc will
represent the recessive classic, blotched tabby pattern. The letter 7,
therefore, would indicate the ticked tabby locus. Thus T would represent
the Abyssinian form of tabby pattern and r would represent the absence
of this pattern.

Expression of the Abyssinian pattern may manifests itself in two ways:

* As weak striping on the legs and rings on the tail for the heterozygote
Tt*Mc — or Tt“mcmc.

* As the absence or reduction of these markings for the homozygote
T*T*Mc - or T*T*mcmec.

There is variation in the expression of the markings and it is not impos-
sible for some homozygotes to have faint markings. However, the two
forms usually can be distinguished.

Thqre appears to be at least two forms of the spotted tabby pattern.
ThC.fHSt is a modification of the mackerel or blotched tabby in which the
vertical stripes are discontinuous and take the form of short bars or spots.
Modification of the blotched tabby pattern is seemingly responsible for
the qttr'active round ‘ocicat’ type spots. Breeding data suggest a dominant
modifying gene (provisionally symbolized as Sp) responsible for the
spotted tabby phenotype. This change in the appearance of the stripes is
almost certainly refined by polygenic factors. At one time, it was thought
that the spotted tabby could be yet another allele of the 7/tb tabby series.
Breeding evidence suggests that this is not the case, as litters have been
produced with all three patterns in a manner inconsistent with a single
locus theory (Lorimer, private communication).

The second form of spotting expresses itself in more distinctive, |
rounded spots in a more random pattern. The case for a separate genetic
allele, is much stronger for this form. Hybrids between domestic and non-
domestic cats, such as in the Bengal breed, demonstrate that distinct |
spotting patterns can result from genetic factors obtained through such
crosses. A unique recessive ‘marble’ pattern is seen in offspring of Bengal |

cats that are heterozygous, for the spotting factor.

i,

Non-agouti - aa

The gene responsible for the agouti pattern of the tabby has produced a
mutant aliele known as non-agouti. When this mutation is present, a
'deffeqtlve agouti protein is produced that does not have the same strong
inhibitory effect on eumelanin production as the normal protein.
Eumelanin-containing granules are then deposited throughout the hair
shaft in all stages of its growth. The resultant phenotype is the self black
cat. Though the animal is uniformly black in appearance, it carries one of
the tabby alleles in its genotype. The underlying tabby pattern is often
revealed in the coat of young kittens and sometimes in the adult under
certain circumstances because of the small remaining inhibitory power of
the mutant agouti protein. Either the mackerel or blotched pattern is often
discernible in young cats held up to reflected light. If no pattern is

|

%
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observed, this could mean that the Abyssinian genotype is present, but
not necessarily. The non-agouti gene is inherited as a recessive and is
represented by the symbol a. ) o
In both agouti and non-agouti cats, phaeomelax_nn 'pr_oductlon is inhib-
ited as the growth cycle of the hair advances. The inhibitory effects of the
mutated agouti protein have nearly the same effpct on phaeomelanin
production as the non-mutant form. This results in similar phenotypes
between agouti and non-agouti cats that are red or cream in color. Distinct
‘solid’ red cats or strongly marked red tabby cats can be Produced through
selective breeding for the desired appearance, as modifying polygenes are
undoubtedly responsible for the degree of siriping in all cats.

Wide band

A gene has been hypothesized as being responsible for changing ordinary
tabby coloration into the more brightly colored golden tabby. The
presumed effect of the gene is to widen the agouti banq on the hairs. In
addition, the gene is said to make the tabby pattern less dls.tlnct or blurred.
The overall effect is a tabby of a rich golden hue. Longhaired cats expose
more of the agouti band and do not have such an obvious tabby pattern
as do shorthaired cats. This may be responsible for many cases of this
phenomenon. Examination of hairs from golden tabbies revea!s that they
are nearly completely yellow with a black tip, with a suggestion of pale
blue at the base. This is just as would be expected for a wide band pheno-
type. The golden tabby, shaded golden and chinchilla gplden were devel-
oped from chinchilla longhairs. This may explain the difference between
the silver tabby and chinchilla silver phenotypes. The breeding data to
substantiate the existence of the wide band gene are slim; but the gene
has been theorized as a dominant (either complete or incomplete) and has
been provisionally symbolized by Wb (Robinson, unpublished observa-
tions). . _ o

However, the apparent difference between silver tabbies and chinchilla
silvers, and thus brown tabbies and goldens, could be easily explaln_ed by
polygenctic effects on the quantitative expression of the agouti and
inhibitory proteins. As the level of these inhibitory proteins increases,
pigment production is reduced. A chinchilla golden is simply a browq
tabby with such high amounts of agouti protein produc'tlc.)n that the agouti
shift occurs very early during hair growth. This inh1p1tory effect. is so
strong that it causes the shade of yellow pigment seen in the agouti band
to change to a lighter color characteristic of golden cats. This maximiza-
tion of agouti protein production has resulted from generation upon
generation of selective breeding for the extreme inhibition of pigment
production seen in the chinchilla silver.

Brown alleles - B, b, b’

This site on a chromosome, commonly referred to as the brown locus,
results in a change in the shape of eumelanin pigment grgnules. The_:y
change from the normal round, almost spherical shape to either oval in
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the case of bb (chocolate) cats or to a rod shape in b'b' (cinnamon) cats.
It is hypothesized that a lower degree of polymerization (chaining) exists
in the eumelanin produced in the melanocytes of these cats (Ozeki, 1995).
The two mutant brown alleles change the normal black appearance
created by normal granules into different intensities of chocolate or
brown. The color change is most obvious when combined with non-agouti
to produce the solid, dark chocolate brown of the Havana (aabb) or the
lighter cinnamon brown (aab’d’) that can be seen in the Oriental breed.
Wild type allele B is dominant to both b and b, and b is dominant to b
Therefore both the heterozygote b’ and the homozygote bb have the
phenotype of chocolate brown.

The brown alleles do not appear to modify yellow (phacomelanin)
pigment-containing granules or, if they do, they seem to have the effect
of producing a ‘brighter” shade of these colors. It seems probable that b*
has a greater effect than b. However, this difference may not be evident
given the variety of shades normally seen in red and cream cats.

Albino alleles

The albino series of alleles in the cat are particularly noteworthy because,
between them, they are responsible for several of the cat fancy’s most
popular breeds. An essential enzyme for pigment production is manufac-
tured at the albinism locus. This enzyme is called tyrosinase. The aromatic
ring of the amino acid tyrosine gives eumelanin and phaeomelanin their
unique color producing properties. The tyrosinase enzyme is responsible
for incorporating tyrosine into these pigments.

In cats, there are four known albinism alleles: full color (C), Burmese
(c*), Siamese (c*), blue-eyed albino (c?) and pink-eyed albino (c). All four
of the mutant alleles are recessive to full color but not necessarily to each
other (Table 3.1).The ¢’ allele is incompletely dominant to ¢, resulting in
an intermediate phenotype between Siamese and Burmese coloration in
these heterozygotes. There is not enough information available to deter-
mine the interrelationships of ¢ to ¢® or ¢. Incomplete dominance is almost
certain according to preliminary observations.

The normal gene C results in the production of black and orange
pigment at full strength (hence the designation “full color’). Biochemically,
the various alleles cause a progressive reduction of pigment. With the ¢
homozygote, the black eumelanin pigment is changed to a dark sepia or
seal brown, while the orange appearing phaeomelanin is reduced to
yellow. The black form of this color is referred to as ‘Burmese brown’,
‘sable’, or ‘seal sepia’. It should not be confused with the recessive choco-
late brown color created by the b allele at another locus. Color at the
points (nose, ears, feet and tail) is usually darker than on the body, a
feature that is obvious in kittens but less apparent in adults. The irises of
the eyes appear to be less deeply pigmented than normal. They display a
tendency towards yellowish-gray, or yellowish-green color and only rarely
rich gold.

With the ¢’ homozygote, the dark sepia color is restricted to the points.
This results in a body fur color of off-white or pale sepia, varying in shade.
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The eyes are even more deficient in pigment resulting in blue color. In
the ¢ homozygote, no pigment develops in the coat (not even on the
points) and the eyes are a pale blue. Finally, in cats homozygous for the
¢ allele, pigment is totally absent. The fur is white and the eyes are pink
because the blood is illuminated by light rays passing through the translu-
cent tissue of the eye structures.

The albino cat reported in the USA and continental Europe does not
appear to be true albinism seen in other species. The coat is white and
the pupils of the eyes are a ruby red, but the irises are a pale milky-blue
instead of being pink. This coloration could indicate either the presence
of a small amount of pigment (less than in the eyes of the Siamese) or
that the iris of the cat is bluish because of its structure. The former appears
to be the more likely explanation. The few genetic studies that have been
completed indicate that the blue-eyed albino is inberited as a recessive to
full color and to Siamese. Tentatively, it is assumed that a mutation has
occurred to an allele (¢®) just short of true albinism and positioned
between Siamese and pink-eyed albino.

The existence of the complete pink-eyed albino was been described in
the 1930s. However, the complete form was been discovered in the USA
the 1980s. The albino allele is inherited as a recessive to full color (C) and,
by implication, to all the other albino alleles.

The difference in depth of pigmentation of the extremities and body
for the Burmese and Siamese is caused by temperature gradients over the
surface of the body. The mutant tyrosinase enzymes are moderately
temperature sensitive and the mutant enzyme is increasingly sensitive
between the ¢ and ¢* forms. Heat loss from the skin and circulation
differences cause this temperature gradient in the skin. In one experi-
ment, the cat was left in a cold environment during a period of molt. The
cat’s body became covered with light sepia fur and new sites of intense
pigmentation appeared on the shoulders and hips where the skin was
stretched more tightly across the underlying bones. In another case, a
bandage applied to a small area of shaven skin caused the growing hair
to be white. Siamese and Burmese kittens are born a very light color, due
to the high temperature they experience in the uterus, as compared to
the colder environment they live in after birth. As cats age, their overall
body temperature declines, resulting in darker coloration in older
Burmese and Siamese cats.

The eye of the Siamese is deficient in pigment, especially the choroid
tissues, but a small quantity remains in the iris, resulting in a characteris-
tic blue color. A tapetum is present, a finding that contrasts with the blue
eye of dominant white that regularly lacks a tapetum.

Dilutions

Dilution - dd

The dilute or maltese locus produces a factor essential for even distribu-
tion of pigment granules throughout the hair. In the mutant form, pigment
granules are enlarged and deposited unevenly in the hair shaft. This results
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in clurpps of varying size along the length of the hair shaft. Segments of
the hair may be very sparsely pigmented or even lack pigment altogether.
To the human eye, this impairment causes the coat to appear ‘diluted’ as
this effect modifies the color to a lighter shade by allowing more light to
pass through the hair. In cats homozygous for this allele, black becomes
blue, chocolate becomes lilac, cinnamon becomes fawn and red becomes
cream. The clumping of the granules does not occur in the tissue of the
eye. Consequently, eye color is not paler in cats with dilute coloration,
contrary to what may be expected. The dilute gene is inherited as a reces-
sive and is symbolized by d.

Dilute modifier — Dm-

T‘he dilute modifier is a dominant gene Dm: that affects the coat color of
dilute (dd) cats. The gene is considered a modifier because it has no effect
on dense colored animals. Blue under the influence of this mutation takes
on a brownish cast, but does not become as light in tone as the lilac. This
color is known as caramel. With dilute chocolate (lilac), the coloration
becomes a little paler and is known as taupe. The cream is also paler than
gsua;l and has been called apricot (Patricia Turner, personal communica-
ion).

The colors and their respective genotypes can be represented as follows:

Black aaBBDD (DM- or dmdm)
Brown (chocolate) aabbDD (Dm- or dmdm)
Blue aaBBdd dmdm

Lilac aabbdd dmdm

Caramel aaBBddDm-

Taupe aabbddDm-

Red D-0O0 (Dm or dm)
Cream ddO0Odmdm

Apricot ddOODm-

Pink-eyed dilution

.In addition to blue dilution, a second type of dilution occurs commonly
in mamm_als. This is known as pink-eyed dilution because it imparts a
cha_ractenstic pink or ruby glimmer to the eye. The coat color is often a
bluish-fawn. The genes responsible for this color are usually inherited as
recessives. A female cat of this general description was reported in 1961.
The eye is said to be pink and the coat a light tan in color. Mated with
a'chocolate pointed Siamese, this unique animal gave birth to three
kittens, 10 days premature, which were not viable. However, it was possi-
ble to see that all three were typical tabbies. The implication is that the
color is inherited as a recessive trait and is independent of the albino
alleles. This would be expected if the color is due to pink-eyed dilution.
Examination of the pigment granules of the hairs revealed that these
were smaller and yellowish brown in color, when compared with the
nor;nallbrown-black granules. This change is responsible for the unique
coat color.
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Inhibitor of melanin — I-

The dominant inhibitor gene I suppresses pigment fed into the growing
hair. This results in the typical expression of white hairs with col_orqd tips.
Its similarity to the actions of the agouti gene suggest that an inhibitory
protein is created at this locus as well. This gene appears to pave a greater
ability to suppress phacomelanin pigment than eumelanin pigment, result-
ing in the prevention of the eumelanin to phacomelanin shift. A feature
of the gene is the wide variation of expression. That expression ranges
from a barely perceptible white band at the base of the hairs next to the
skin, to an almost completely white animal with th<'a pigment _restncted to
the extreme hair tips. Because the melanin inhibltor gene 1s extr_eme}_y
variable in its expression, it can exhibit impenetrance, resulting in
occasional cats with no visible white undercoat that nonetheless breed as
smokes. ) ) )
The silver tabby (A-I-) exhibits a fairly low level of expression of this
gene, while the chinchilla silver (also A-I-) is a fine example of extreme
phenotype created through selective breeding. The smoke is the non-
agouti form (aal-). The white undercoat is evident but each hair contains
appreciably more pigment duc to the lack of the additive inhibitory
properties of the agouti factor. The restriction of the pigment grgnules to
the distal portion of the hairs has been confirmed by microscopic exami-
nation in 1980. o
Occasional break-through production of phaeomelanin pigment can
occur in silver cats, resulting in a phenomenon commonly refen"ed to as
‘tarnishing’. In rare cases, this break-through can be so extensive as to
result in a ‘golden’ appearing cat. This appears to sqlely occur in cats
heterozygous for the I allele. Rare cases of extensive phacomelanin
production have also occurred where each hair is banded fmth a eurnelaqm
tip, followed by a narrow phaeomelanin band, concluding with a white

undercoat.

Dominant black

The existence of a gene for dominant non-agouti black coloration is
something of an enigma. Tjebbes in 1924 published a report on crosses
between a Siamese and a tabby that indicated that the Siamese transmit-
ted an epistatic gene that obscured the tabby pattern. The F, offspring
were black but the tabby re-appeared in the F,. Attentive _readmg o'f the
report revealed that the black F, were probably the offspring of a single
female Siamese. Only two Siamese cats are described and only the female
was used in the cross-breeding. The two Siamese were stated to be descen-
dants of a pair of Siamese originally imported from Bangkok by a Dutch
breeder about 10 years before. Historically, the Siamese strain .has always
bred true to type. In view of the apparent absence of the dominant black
gene from the general population, the gene is not considered in Cl_lapter
10, on breed genotypes. Should the gene be rediscovered, the inheritance
of this gene can be reassessed.
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Orange

Until recently, the gene responsible for the ginger or marmalade colored
cal was known as yellow. The standard designation is now orange. This
gene is unique because it is sex-linked. This means that the gene is carried
on one of the sex chromosomes. Two examples of the inheritance of this
color factor, located on the X chromosome, are illustrated in Figs 4.1 and
4.2. A conplete list of possible matings and expectations is provided by
Table 4.1. The recognized symbol for this gene is O.

The action of the-O gene is to eliminate all eumelanistic pigment (black,
chocolate, blue, etc.) from the hair fibers. This is accomplished by a
biochemical diversion of those substances destined to become dark
cumelanin into the aiternate compound, phaeomelanin. The result is a
lighter pigment granule, with different optical properties. Phacomelanin is
sensitive to both the normal and mutant form of the agouti protein, result-
ing in identical phenotypes between the A-OO and aaOO genotypes. In
the tabby tortoiseshell (also called patched tabby or torbie), the deeper
tabby striping pattern is carried through from the brown tabby areas into
the yellow areas. There the barring appears as a rich orange color. The
evidence of striping in the red areas of a tortoiseshell cat, especially one
with large areas of red patching, also demonstrates that the a gene masks
the presence of striping in eumelanistic areas. Afl tabby patterns can be
found in red and cream cats. The mackerel and blotched forms can be
readily identified but the Abyssinian is a subtle variation. The contrast
between the yellow ground color and black ticking is lost in the orange
form of the ticked tabby pattern. This results in a surprisingly uniform
color throughout the coat. This sex-linked red ticked tabby color is not to
be confused with the ‘red’ abyssinian color of some registries, which is
actually cinnamon ticked tabby.

An interesting aspect of the genetics of the orange mutation is that the
heterozygous (Oo) female is the tortoiseshell cat. The mosaic of orange
and black is very striking and has led to considerable speculation upon its
origin. Recall that male cats have only one X chromosome in their cells,
while females have two. Thus, each of a female’s cells must inactivate one
X chromosome to avoid the overproduction of factors produced by genes
on the X chromosome. This inactivation occurs at an early stage of devel-
opment and all cells descending from these progenitor cells have the same
functioning X chromosome. Ordinarily, this characteristic of the X
chromosome would not be noticed. However, because the sex-linked O
gene results in an obvious coat color change, the effects of this phenom-
enon can be observed visually. All melanocyte cells with the functional X
bearing the O allele will be produce phaeomelanin. On the other hand,
those pigment producing cells with the functional X bearing the o allele
produce eumelanin. The outcome, as the embryonic cat develops, is a
female with a mosaic coat of orange and black.

Tortoiseshell and white cats have a clearer segregation of orange and
black than ordinary tortoiseshells, as demonstrated by the studies in the
mid 1960s. Cats without white spotting tend to be brindled, having highly
intermingled small areas of yellow and black hairs. As the amount of white
increases, so does the extent of patching, until cats with a primarily white
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coat exhibit colored spots of only one color. Whether the yellow and black
colors of the coat are brindled as opposed to patched is determined by
the size of the population of melanocyte precursor cells. Each precursor
cell in the brindled coat develops into relatively few melanocytes. In the
patched coat, however, a single cell has reproduced to cover a wider area
of skin surface. The greater the effect of the white spotting gene, the .fewer
precursor cells survive to develop into melanocytes (z}s described in the
section on white spotting below). Thus the coat consists of large clonal
patches of a single color. _ o

It is not uncommon for yellow pigmented mammals to exhibit wide
variation in depth of color. The cat is no different in this respect. The
orange cat may vary in color from a sandy yellow to a rich mahogany red
and include every shade in between. This variation is almost certainly due
to polygenes that enrich the color independently of the O gene. This
deepening of the color has been termed rufism, meaning to redden. The
variation is most noticeable in all-yellow phenotypes but is definitely not
limited to these. The auburn coloration of the exhibition brown tabby, the
ruddiness of the Abyssinian and the variable tarnishing that occurs in
many silvers are all manifestations of rufus polygenes.

Tortoiseshell males

A mention must be made of the tortoiseshell male cat. Theoretically, it
would seem that these curious animals could not occur but they do, at a
very low frequency (one in every 3000 male birt'hs). The fact that they
occur only rarely is an indication that they must arise from a rather excep-
tional event. Four possibilities for the occurrence of the tortoiseshell male
will be outlined.

Somatic mutation

Orange animals occasionally have small spots of tabby or black hair on
their bodics. These animals are not considered tortoiseshells, whether they
are male or female. However, it is occasionally possible for the black
markings to be more extensive and to simulate a tortoiseshell coloration,
albeit one that is predominantly orange. Little notice woul'd pr'ob_ably be
taken if the animal is a female but it would attract attention if it was a
male. Such an animal would be fertile and would breed as an ordinary
orange male. The cause of this is a mutation (from O to 0) occurring in
only a few of the body cells of this orange cat. The rqsult is that these cells
now produce black pigment instead of yellow. The size of the area would
depend upon the developmental stage at which the mutation occurred. The
earlier in development, the larger the anomalous area would be expected
to be. Somatic mutations of this kind can be considered mistakes in devel-
opment. The germ cells are almost invariably not involved.

XXY genotype

The second explanation revolves around the fact that only one of the X
chromosomes is functional in body cells. Most tortoiseshell males have
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extra X chromosomes in their body cells, resulting in the genotype XXY,
instead of the XY genotype of the normal male. As the cells inactivate
the extra X chromosome, as in a female cat’s cells, the effective constitu-
tion in each cell is XY; the same as a normal male. This causes the animal
to develop into a male adult cat. However, the cat’s tissues consist of two
different forms of XY, depending upon which of the two Xs is disabled.
If one X carries O and the other carries o, one tissue (O) produces orange
pigment and the other (o) produces black. Although the XXY cat devel-
ops into a male, this abnormal constitution has the characteristic effect of
rendering the cat sterile.

XX and XY mosaics

The third explanation is developed from microscopic studies that have
revealed that the tortoiseshell male may result from quite a variety of
unusual chromosome constitutions. Their tissues may be comprised of
mixtures of XX and XY cells, XX and XXY cells or XY and XXY cells,
for example, or of even more exotic combinations of cell configurations.
This phenomenon is known as mosaicism. For tortoiseshell coloration to
occur, the male must carry at least two X chromosomes in a number of
skin cells and have X chromosomes with the O allele and those with the
o allele. The extremely rare case of the fertile tortoiseshell male may be
explained by the presence of only normal XY cells in the germ cell tissue,
but abnormal chromosome configurations in other tissues, including the
skin. While the XXY configuration is abnormal for testis tissue, if this
organ contains XY cells, functional sperms can be produced. The male
may be fully or only partially fertile. This depends on a number of factors,
including how much of the testicular tissue is capable of producing viable
germ cells. This topic is covered in greater detail in the Technical Appen-
dix to this chapter.

Chimeric cats

Chimeric cats are known to exist, demonstrating a fourth mechanism for
the existence of tortoiseshell males. In chimeric males, dissimilar XY cells
could arise from the fusion of two different fertilized eggs. The difference
between the two cells is that the X in one could carry O while the X in
the other could carry o. Paradoxically, the animals would appear to be
uniformly XY under the microscope and would be fully fertile.

Sterile, black females

In addition to the rare occurrence of tortoiseshell males, exceptional black
females may occur. These are exceptional because they arise from matings
in which the color is not expected (Table 9.1). These animals do not
usually attract attention because they do not represent such a unique
phenotype as the tortoiseshell male but, nevertheless, they are of genetic
interest. Many of them could be tortoiseshells that have failed to manifest
any orange or yellow hairs. However, there is reason to believe that some
of these female cats lack a second X chromosome. Karyotyping, where the
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Table 9.1 Reported observations on the inheritance of yellow and tortoiseshell and the
occurrence of female tortoiseshell males and black females

Mating Offspring
Dam Sire Males Females

Yellow Tortoiseshell Black Yellow Tortoiseshell Black

Black Yellow - 1* 58 - 53 13#
Tortoiseshell  Yellow 63 1* 44 58 46 6+
Tortoiseshell ~ Black 45 1* 43 - 29 -
Yellow Black 23 - - - 19 -

Note: Black is used as a enphemism for non-yellow colors (black, tabby, blue, etc.) and yellow covers red and cream.
*Exceptional or unexpected colors

chromosomes in cells taken from an animal are examined,. woulgi deter-
mine if a suspected black female has the chromosomal configuration XO.
This phenomenon is referred to as Turner’s syndrome. These cats are
usually undersized and sterile.

Occurrence of exceptional colors

The breeding data of Table 9.1 present an interesting picture of the inher-
itance of yellow and tortoiseshell and of the occurrence of the exceptional
colors. The frequency of tortoiseshell males would appear to be about 0.6
per cent, while the black females would be about 3.6 per cent. These
figures should be accepted with caution. It has beep reported that the
frequency of tortoiseshell males is less than this, while the frequency of
black females may be much overestimated. Some of the black females
could be tortoiseshell females in which the yellow areas are so small as to
be undetected. Although no exceptional yellow females were recorded,
these would conceivably be expected to occur as frequently as the excep-

tional blacks.

White and white spotted cats

Breeds of cat exhibit several forms of white markings in_the coat. In a_ll,
there are four kinds of white spotting that may be genetically defined in
the following manner:

* Dominant white - the coat is completely white. The irises of the eyes
are one of the following three types: blue, non-blue (including shades
of deep copper, golden yellow or green depending on the breed) or
odd-eyed where one eye is blue and the other non-blue. In the case of
odd-eyes, one or both eyes may be partly blue apd partly non-blue. )

» Piebald spotting — the coat is tricolored or b1co_lored. The coat is
colored except for a variable amount of white. Typically, the head has
a white blaze in the form of an inverted V extending between the eyes.
The chest and stomach may be largely white. The lower parts of the
legs are often white and the body shows various amounts of white. The
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body may be very white, to the extent that the colored areas are broken
up into several patches or spots. In extremely white animals the color
persists only as small spots on the head and on the rump, although the
tail usually remains colored for the larger part of its length.

* Gloving - the white is confined to the paws of the feet. The paws are
usually white with limited, but some, extension further up the feet.
On occasion there may be a little white on the face, belly and chest.
This is most likely to be simply a form of expression of the piebald
phenomenon.

* Brisket spots and lockets — this involves small white spots or streaks on
the throat, chest and stomach. These are rarely large except, perhaps,
for the streak on the stomach. Some breeds exhibit white toes as a form
of this phenomenon.

Dominant white

The completely white cat, either with blue, non-blue or odd eyes, is due to
a dominant.gene symbolized by W. As the coat color is pure white, it is
impossible to ascertain by inspection which other genes are present in the
genotype. In other words, W is epistatic to all other color mutants, masking
the effect of all other color genes. The only possible exceptions are those
which influence eye color and there may be uncertainty even for these. The
results of crosses between white and self colored cats, as reported in the
literature, indicate that dominant white is inherited as a simple, autosomal
entity. This disproves previous theories that the all-white cat is simply the
result of the accumulative presence of several piebald genes. It has also
been suggested that the dominant white gene is not independent of the
main piebald gene but is an allele of it. Breedings between white and bicol-
ored cats have established that this is not the case and that the W gene is
present at a separate Jocus from the piebald spotting gene (Shelton, 1995).

The W gene has multiple potential effects on coat and eye color. It is
also associated with deafness. The production of a white coat is the most
regular expression of the gene, because of the lack of melanocytes in the
skin. A proportion of kittens may possess a spot or smudge of colored fur
on the head, due to a few surviving pigment-producing cells, but this rarely
persists into adulthood. The eye color is transformed to blue in a large
proportion of cats, either bilaterally (both eyes) or unilaterally (the odd-
eyed white). A lack of the tapetum structure of the eye is associated with
the color change. Deafness is more likely to occur with blue-eyed animals
but the association is not consistent. A survey of 185 white cats reported
the following results:

* Twenty-five per cent had yellow eyes and normal hearing.
¢ Thirty-one per cent had blue eyes and normal hearing.

¢ Seven per cent had yellow eyes and were deaf.

* Thirty-seven per cent had blue eyes and were deaf.

The deafness is due to degenerative changes in the succule and cochlea.
This appears to be caused by the lack of migration and viability of the
necessary precursor cells from the neural crest. As with eye color, the
deafness may be either bilateral or unilateral.
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Cats with white coats are significantly more liable to skin cancer
through the absorption of solar ultraviolet rays. The study focused on
white cats, including very white piebald individuals. Breeders who reside
in semi-tropical or tropical countries should ensure that their cats have the
opportunity to rest in areas shaded from strong sunlight.

Piebald white spotting

Piebald, or white spotted, cats are exceedingly common. The spotting
may occur in conjunction with any color as an independent entity. The
manifestation of the spotting can vary between two extremes. It may be
limited to small tufts of white hair on the breast or belly. The other
extreme is an almost completely white cat with the pigment areas
confined to the taijl and to small spots on the head or body. The increase
in amount of white is variable but is not without a certain logical progres-
sion. As the belly becomes largely white, the neck and chin becoming
increasingly involved, together with the front paws. As the amount of
white increases, the white extends up the sides and appears on the head
and hind paws. From this point onwards, white is spreading all over the
animal, breaking up the remaining colored areas on the back into spots
of decreasing size.

Figure 9.1 is one attempt to portray the progression of white. When the
amount of white is small, this is commonly referred to as low-grade
spotting. When it is extensive, this is referred to as high-grade spotting. In
low grade spotting, the face shows an inverted blaze combined with white
paws or legs and a white stomach. In medium grade spotting, the body is
patterned with white, with the amount of white varying from 40 to 60 per
cent. In high grade spotting, the body is almost all white with the color
restricted to a few colored patches or spots, usually on the head and
hindquarters. The tail frequently remains colored.

The medium grade level of spotting is the typical bicolor of many
breeds, while the high grade is a breed characteristic of the Turkish Van.
Piebald spotting is inherited as a semi-dominant, with the gene symbol S.
In general, it can be assumed that all low grade, and some medium grade,
spotted cats are.heterozygotes Ss, while some medium-and all high graded
spotted cats are homozygotes SS. It is impossible to state that a cat with
a certain degree of white is either Ss or S5, due to the extreme variabil-
ity in expression of this trait. As this is a dominant character, to breed
bicolored kittens at least one parent must be a bicolor. Self colored kittens
bred from a bicolor can not carry this gene recessively, although in rare
instances the amount of white spotting can be so minimal as to be
undetected.

From research in other mammals, it can be assumed that the white
spotting gene, represented as the symbol S, causes a defect in special
embryonic cells, called melanoblasts. The melanoblasts are destined to
become the melanocyte cells that produce melanic pigment granules for
the hairs. These defective cells are reduced in number and fail to reach
all parts of the body. The melanoblast cells arise from the neural crest
along the back of the embryo and migrate from there all over the body
during embryonic growth of the skin. However, if they fail to reach their
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Figure 9.1 Variety of expression of piebald white spotting, Grades 2 and 3 show the typical
location on the stomach, while grade 4 through 9 show the progressive increase in the
amount of white and the break-up of coloured areas. Grade 10 represents an all-white cat

?llotted positions before the skin is fully formed, the skin is then deficient
in these cells. This results in a lack of pigment production for the hairs in
that area. The outcome is a white spot.

The central line of the chest and stomach are the most distant from the
neural crest and, therefore, the most likely parts of the body to reflect a
tardy migration. The slower the migration, the larger the spots will be. In
_the ‘van’ colored animal, very few melanocytes are present and they are
in the areas closest to the originating neural crest, on the head and spine
line. Rarely, very white piebald cats may have a partial or completely blue
eye, associated with a lack of tapetum, as is seen in the blue eyes of
dominant white cats.

Tortoiseshell cats without white have an intermingled mosaic of
orange (O) and black (o) colored fur, with a few patches of solid color.
This indicates that the spread of both O and o cells occurs at equal
speed and probably competitively. The presence of white causes the
orange and black to form patches. And the greater the amount of white,
the larger are the patches, as a rule. Reduction of the number of origi-
nal precursor cells produces white areas and decreases competition
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between spreading pigment-producing cells. Hence, an area with a large
orange or black spot has a population of cells derived from few or even
a single precursor cell. This effect is known as a clonal patch. The
greater the amount of white, the fewer the number of original precur-
sor cells, and the greater the chance of the remaining colored areas
being clonal spots of either orange or black. This theory is borne out
by observation. '

In one series of early observations (1928), the heredity of white
spotting was determined to be that of an incompletely dominant gene.
On average, the spotting varied from grades 4 to 6 (see Fig. 9.1) for Ss
and from 5 to 8 for SS. Clearly, there is overlap in expression for the
two genotypes. This variation could be expressed differently for animals
with different genetic backgrounds even if the same § gene is present.
The main differences are likely to be that the Ss could range down into
the low grades of 2 and 3 or the expression of Ss could be close to that
of SS.

If there is one thing that is certain about piebald spotting, it is its charac-
teristic variability. Some of this variation will be non-genetic, due to
random eccentricities of individual development. However, some variabil-
ity is undoubtedly due to polygenes, although just how much is uncertain.
Through selective breeding, it may be possible to stabilize the spotting at
certain grades. For example, the almost all-white cat of genotype aaSs,
with a black tail and one or two spots of black fur on the head and body,
is quite an attractive animal. For that reason, some people conmsider it
should be recognized as a unique breed. The control of gloving in the
Birman breed may also be an example of extreme control over this
variable trait.

It may be that the postulation of a single gene for piebald spotting is a
genetic oversimplification. Multiple genes, such as one controlling low-
level white spotting, may be present. It also seems possible that some cats
may exhibit such low levels of white spotting as to be imperceptible. The
presence of other genes, interacting with S, could be partly responsible for
the wide variation in spotting.

Gloving

Gloving is the name given to a traijt that is expressed as a limited amount
of distal white on the feet. It had been previously hypothesized to be the
result of a recessive gene, but breedings between self colored cats and
gloved cats reveal that it is a dominant gene with incomplete penetrance.
Thus, a low level, undetected amount of white can be seen in cats with

~~this gene, although they are capable of producing kittens with more

{

substantial gloving. There is a degree of variation in the expression of this
trait. The paws are usually white ‘gloves’, but the lower portions of the
legs can be more extensively white. This creates the ‘stockings’ or ‘laces’.
This trait has been highly refined in the Birman breed. The Snowshoe
breed in the USA also displays another form of low grade of piebald
spotting, with limited white markings on the forehead and breast. It is
unclear at this point whether gloving is due to (a) a separate allele at the
piebald locus, (b) an allele at another dominant gene locus, or (c) is simply
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a leve! of expression of the common piebald gene controlled through
extensive selective breeding.

Lockets

Brisket spotting, or lockets, is a term given to minor white spots that occur
on the underside of the body — the throat, chest, stomach and groin. They
are irregular in occurrence, where a chest spot in one generation may turn
up as a chest or groin spot in another. These spots are variable in size and
may occur as streaks, particularly on the stomach. In rare cases, chest and
stomach spots may be connected.

T:he irregular expression of brisket spotting makes it very difficult to
decide if a single gene is responsible. It is likely that the manner of inher-
itance is polygenic. The trait can be eliminated through selective breed-
ing. The presumed polygenic inheritance and the irregular expression can
appear to mimic dominant or recessive inheritance in different matings.
In the USA, Havana Brown, a form of white spotting limited to the feet
was established as a recessive trait. Bicolored cats can carry brisket
spotting, masked by the piebald spotting, which can be reveaicd when
::ro.ises with self colored cats result in the unsuspected appearance of this
rait.

The exact cause of brisket spotting is unknown, but the mechanism is
prqbably similar to the phenomenon that results in piebald spotting. The
pointed pattern exhibited by the Siamese is not a form of white spotting,
despite the blue eyes and Whitish coat. This pattern is produced by a
completely different gene, one in the albino series.

Rufism

Rufism is a term given to denote the wide variation in the expression of
yellow pigmentation, especially the deepening of the color to create the
shade of red found in the sow (exhibition) cat. It is the opposite of the
lighter ‘ginger’ shade most common in non-pedigree animals. The variation
appears to be continuous from the lightest to the darkest shades and the
mode of inheritance is almost certainly polygenic. '

_The range of variation is most obvious in the contrast between the
ginger alley cat and the rich red of the exhibition red tabby. However, the
same polygenes are doubtless involved in producing the warm ruddy-
brown color of the Abyssinian and the warm ground color of the exhibi-
tion brown tabby. Without this enhancement, the Abyssinian would be a
drab and nondescript animal. The tarnishing seen in some silver cats
Rrobably owes its mechanism to a similar group of polygenes. The show
silver and chinchilla are found in breeds where selective breeding has
minimized or eliminated the influence of these polygenes. The result is a
phenotype exceptionally devoid of yellow pigment. It must be remem-
bered Fhat any polygenic complex has both up-regulating and down-
regulating polygenes. Diligent breeding results in accumulations of either
one or the other in an effort to achieve the standard of perfection for that
breed or color.
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Technical appendix

A: Black-yellow mosaics

All of the numerous coat colors of mammals are produced by genetic
modification of two basic pigments:

« Eumelanin (commonly called black or brown}.
» Phaeomelanin {commonly called red, orange or yellow).

Black and brown do not vary a great deal although the brown can be s0
dark as to be called chocolate. On the other hand, the red to yellow series
~7& subject to notable variation as indicated by their descriptions. However,
\genetically, all of these are termed yellow as the differences are merely due

to the depth of color.

Domestic animals

All of the usual domestic animals sport the above colors, sometimes in
more than one form. The two pigments are probably derived from the same
precursor substance, but a gene controlled switch early in the embryonic
biochemical pathway causes either black or yeliow to be produced_. The
normal pathway is the production of black pigment and the production of
yellow pigment is caused by a mutant ailele of the pormal gene. The result
is a completely yellow individual — a red tabby. in the case _of_ the cat.
Another way of viewing the change of coat color is to say that it is devoid
of black pigment. For this reason, ‘yellowing’ alleles were designated as
‘non-extension of black’ or, simply, as ‘yellow’. The symbols for these genes
and alleles are F for the production of black pigment and e for the produc-
tion of yellow pigment. . . .
Typically, such alleles are inherited as recessive to blac_k pigmentation.
For example, the familiar yellow varieties of the guinea pig, 'har.nste'r an.d
rabbit are all caused by recessive alleles. In the cat, the genetic situation is
different. There the mutant allele for yeliow is borne on one of the.z sex
chromosomes, the X. The cat was, for many decades, unique in havmg a
sex-linked yellow. Now, a similar mutant has now been founsj in the Syrian
hamster. The inheritance of sex-linked yellow is not as straightforward as
recessive yellow but the expected outcomes can easily be worked out. They
are usually presented as a table of matings and of any ex_pected progeny.
The interesting aspect is that the allele can create a distinctive color pattern
in the female in certain matings. This result is the well-known black and

yellow tortoiseshell.

Normal gene

Denote the normal gene by the symbol O and the sex-linked yeliow alle_le
by o. Using this convention, the tortoiseshell has the genotype Oo. That is,
the color is heterozygous for the genes O and o. The pattern is engendered
as if some of the body cells are producing black pigment while others are
producing yellow. There is little order in the production so thgt the pattern
is extremely irregular. The above supposition is correct and is a peculiar-
ity of sex-linked genes. In each cell, one of the X chromosomes ceases to
function. In the case of the tortoiseshell, with its heterozygous genotype
Oo, if the X carrying O is inactivated, the cell will produce black pigment
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due to the active o gene. But, if the X carrying o is inactivated, the cell will
produce yellow pigment, due to the active O allele.

Initially, which of the two chromosomes ceases to function is a matter
of chance. Once one of the chromosomes has become inactivated in a cell,
the same chromosome in all of the cell’s daughter cells remains inactivated.
As the cat develops, the cell lineages intermingle, resulting in the mixed up
pattern of the typical black and yellow tortoiseshell. As a consequence of
the sex-linked inheritance, it would be expected that all tortoiseshell cats
are female. In the normal course of breeding this expectation is borne out.
Rarely, however, tortoisesheli males make an appearance. Usually, the
tortoiseshell color on a male is caused by abnormal sex chromosome
constitutions (from pages 144). Typically, they possess more than one X
chromosome. Most are sterile; only a small minority are fertile.

The majority of breeders and veterinarians are probably familiar with
mutation in the germ cell tract as this is how all of the colors of cats origi-
nated. However, mutation can occur in the cells that make up the body.
Most of the time, these would pass unnoticed but they can become
noticeable under certain circumstances. One of these circumstances is
that of the uncommon tortoiseshell male. That mutations can occur in the
body cells may seem novel. However, each cell of the body contains a
full set of genes although not all are functional at a given stage of devel-
opment. However, most genes are functional during the active phases of
embryonic growth and this is where the effect of a mutation is most like
to be seen.

On rare occasions, yellow colored varieties of animals may have variable
sized patches of black. This is due to a mutation for eto Fin an embryonic
body cell. Or, in the particular case of the cat, it is due to a mutation from
O to o. Now, the group of cells carrying the o gene will produce biack
pigment, as opposed to all of the other cells carrying O that will produce
yellow pigment. The size of the black patch depends on the stage of embry-
onic development at which the mutation occurred, the earlier the occur-
rence, the larger the patch. Mosaics with small spots would be expected to
be the more frequent, as the older the embryo, the more cells there are in
which a mutation could occur.

Mosaics

These curious black and yellow animals are known as mosaics, a
black/yellow mosaic to be precise. A female mosaic cat would not excite
much curiosity as it is likely to be taken as an ordinary tortoiseshell. On the
other hand, a male mosaic is likely to be a focus of comment, the more so
because he would be behaving as a fertile male tortoiseshell. The mosaics
could occur in a litter from any mating in which yellow offspring are to be
expected. However, one mating in particular would distinguish the mosaic
from the tortoiseshell. This is the pairing of two red tabbies. All of the
kittens would be expected to be red tabby. Hence, if an apparent tortoise-
shell is produced, it is almost certain to be a mosaic, even if the individual
is a female. Both sexes will be fertile and probably breed as red tabby
because the mosaic condition is a property of the body cells and is rarely
heritable as such.

A number of probable cases of mosaicism in pedigree cats have been
found in The Netherlands recently. This has generated a certain amount of
discussion as to whether or not these should be registered as tortoiseshell.
These are red tabby with small spots of black on various parts of the body.
They are almost certainly black/yellow mosaics. In addition, the small size
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of biack areas would indicate that the mutation occurred .Iate in em A
development. A proposal to register these cats as ‘red vylth b]ack spots to
distinguish them from ordinary reds and tortoisesh_ell§ is being dlscusse_d
in one registry. The smallness of the black spots indicates that they will

breed as ordinary red tabbies.
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Introduction

Whether they are the revered bobtailed cats of Japan, the tailless cats of
the Isle of Man, or the shaggy, longhaired cats native to the state of Maine,
the groups of cats identified as ‘breeds’ share a common history. They have
undergone an evolutionary process that has made them unique represen-
tations of the same species, Felis domesticus. For unique breeds to be
created, a number of prerequisites must be met. The germinal incident in
the creation of a breed is often a gene mutation. Such mutations can
include changes in coat color, fur length/quality or even skeletal malfor-
mations. For a breed to be established, the mutation must be compatible
with life to such an extent that the cat must be able to reproduce. The next
step in the creation of a breed is that of isolation, where the trait is allowed
to establish itself and become reinforced in a number of cats. This isola-
tion can be geographical, where a group of interbreeding cats is physically
separated from the rest of the species, such as on an island or behind a
range of mountains. But this isolation can also be artificial, a result of the
interference of humans on the mating habits of cats.

Historically, such interference has occurred when people have selec-
tively chosen as pets those cats that were particularly aesthetically pleas-
ing to them. When, for instance, a blue or pointed cat was born in a group
of more common black or tabby cats, it would be prized for its rarity and
kept as a pet. The unexpected appearance of a recessive trait has also been
attributed in some cultures as a sign from the gods, with the consequence
that most ‘temple’ or ‘royal’ cats have exhibited recessive traits: the blue
Korat, the sable Burmese, the blue longhair and the pointed Siamese.

This chapter contains a detailed discussion of the genetic mutations that
have come to be recognized as characteristics of cat breeds. Much of what
is known about the nature of the genetics behind the different breeds is
the result of careful observation by breeders. Scientific research into the
precise mechanisms of these traits is still in its infancy. The field should
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not be considered static, and as new information becomes available, many
of the present hypotheses will be challenged.

Conformation and type

An established breed may be considered to have three components:
general conformation (conmsisting of various components such as body
structure and stance, head shape and ear carriage), coat type and coat/eye
color, Although color and coat type can sometimes define a breed, confor-
mation is by far the most important feature that determines the unique-
ness of a breed. While the longhair and rex breeds have their origin in
simple coat mutations, body conformation must still be regarded as an
important characteristic. The fact that coat characteristics play a subordi-
nate role to body confirmation is evidenced by the recognition of several
colors, and even both coat lengths, within the same breed. Breeds usually
exhibit a characteristic body type that is recognizable regardless of coat
color or length. Color differences within a breed are properly termed
varieties.

Two rather distinctive body conformations tend to be evident in the cat
breeds. One is a compact, powerfully built frame, with a round head and
the other is a sinuous, more lightly built frame, with a ‘wedge-shaped’
head. These tend to divide the breeds into the ‘British’ or ‘Persian’ type
versus the ‘Foreign’ or ‘Oriéntal’ type. There are, of course, numerous
variations within these two broad categories. Cats of intermediate confor-
mation can be seen, implying that the two types represent the extremes
of a range of expression. Body build is under polygenic control and is also
influenced by diet and general care. On the assumption that the last two
items are adequate, conformation is primarily influenced by selective
breeding. Polygenes responsible for determining the size and shape of
individual bones that make up the skeleton frame and the size and shape
of the musculature are the determinants of conformation. These are the
underlying elements which breeders manipulate in their efforts to improve
and maintain ‘type’, as it is termed.

The establishment of distinct body conformations in various cat breeds
comes at a price. In order to create a consistent, identifiable type, a degree
of inbreeding is necessary. Frequently, a single male fitting the desired
conformation of a breed is bred to a large number of females during his
lifetime. In order to further cement the traits of this sire, his offspring
and/or their progeny are bred back to that exceptional male. This can
create a ‘founder effect’” whereby all members of a breed are related to
the same cat. The policy of some cat registries to reward prolific cats with
such titles as ‘distinguished merit’ or ‘outstanding sire’ further reinforces
this breeding practice. This is fine if the breed is popular and the number
of stud males is reasonably large. Should the breed have a limited gene
pool, inbreeding depression could occur, causing such problems as small
litter size, small size of offspring, infertility and suppressed resistance to
disease. Any attempt to counteract this inbreeding by outcrossing to other
breeds presents the challenge of finding another breed whose traits will
not counter the carefully nurtured distinctive body type. As a compromise,
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it may be advisable to build up certain broad categories of body type and
gstabhsh breeding policies within the registries which will deter but not
inhibit absolutely the occasional judicious outcross.

In the domestic dog, selective breeding for distinct body conformation
has been carried to extraordinary lengths. It is doubtful whether the cat
should be manipulated in this manner or even whether it is possible to do
s0. Cats may not have the inherent genetic plasticity to produce, for
instance, cither miniature or excessively massive breeds. However, the
existence of several breeds with distinctive body types indicates that skele-
tal' structures such as skull shape, length and thickness of the leg bones,
spine and rib cage, as well as tail thickness and length, can be influenced
by the process of selective breeding.

Color variations

The selfs

The self (or ‘solid’) colored breeds -are found in six basic colors: black,
blue, chocolate, lilac, cinnamon and fawn. These exist as the. uncompli-
cated non-agouti, self phenotype. All self ¢olored cats possess the non-
agouti (aa) genotype. White is excluded because this is not a ‘color’ in the
sense defined here. Sex-linked red is discussed later.

The black cat is produced by a combination of the alleles a (non-agouti),

B (blac}: pigment) and D (dense coloration), giving the genotype aaB-D-.
In depicting the genotypes throughout this chapter, a capital letter
indicates a dominant allele, while its lower case counterpart represents a
recessive allele at the same locus. A dash indicates the presence of either
the dominant or recessive allele. Thus, B- should be taken to represent
either BB, Bb or Bb. A black cat could be genetically either aaBBDD,
aaBbDD, aaBBDd or aaBbDd, depending on its ancestry.
_ The most beautiful expression of the black phenotype is that of a solid
jet black color, as absolute as possible, with no sign of rustiness. Any
animal which has a persistently brownish tinge or fading of the undercoat
as an adult should not be used for breeding unless it is positively outstand-
ing in other respects. Outside of genetic influences, the biggest enemy of
a rich black coat is sunlight. Sunlight combines with saliva deposited on
the cat’s coat in an oxidative chemical reaction that results in a ‘rusting’
of tl_le fur. All of the self colors, in fact, can be adversely affected by
§unhght, some to a greater degree than others. Possible environmental
influences should be considered at all times, as not all coat color is solely
a result of inherent genetics.

Gray color, termed ‘blue’ in the cat fancy, is produced at the dilution
or maltese gene locus, by the allele d in the formula aaB-dd. The color is
chemically black pigment (eumelanin), but with a dilution of the appar-
ent color, caused by the clumping of melanin granules in the hair shaft.
This results in colorless areas of the hair shaft, allowing more light to pass
through the hair and thus lightening the color. The depth of color is
variable and can be manipulated to some extent by selective breeding.
Cats approaching most closely to the ideal breed color should always have
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preference for breeding, provided other important features are consid-
ered. Four breeds have the basic aaB-dd genotype as a breed character-
istic. These are the Chartreux, British Blue, Russian Blue agd Korat. The
continental breed of Chartreux may be regarded as apprommately_equal
to the British Blue, although in the USA it has been developed into a
unique breed. The more subtle differences between the breeds lies in the
shade of blue, their coat texture and in their body type. These character-
istics which are undoubtedly polygenetic and do not lend themselves to
imple genetic representation. _
N TIl)le tghird self folor is chocolate. This mutation of black coloration has
been distributed to a diverse variety of breeds. The Havana (also known
as the Chestnut Brown) is the self chocolate foreign type cat of genotype
aabbD-. In the USA, brown cats of Siamese based heritage have been
isolated into the breed Havana Brown. These cats are dense-colored
animals, also of eumelanin pigmentation, but with oval, chocglate
pigment granules replacing the spherical black granules. Exceptional
richness and soundness of color will only be maintained by careful selec-
tive breeding of those individuals which approach the ideal color. This
also applies just as cogently to body type and other characteristics of the
reed. ]
° eTeile fourth self color is the lilac of genotype aabbdd. As indicated by
the genetic constitution, the lilac is dilute brown; bearing the same
relationship to brown as does blue to black. The lilac color is stunningly
attractive, being a ‘softer’ and often rosier shade of blue. This color has
been developed in many breeds, including the Persian (longhair), Orien-
tal and Rex breeds.

The above colors have been known in the cat for 50 to 100 years, proba-
bly much longer for the black. Cinnamon is a comparative newcomer. The
shade is a pleasing medium, warm brown as opposed to the dark choco-
late of the Havana. The color is produced by a second recessive allele of
B, denoted by the symbol b/, causing a further elongation of the pigment
granule. The genotype is aab'b'D-. ) ) '

Fawn, the sixth and final basic color, is the dilute version of the cinna-

varieties of the Abyssinian and Somali breeds.

Red and tortoiseshell

All of the ginger, marmalade and red tabby cats display the sex-linked
orange gene O. The gene is carried by the X chromosome and this means
that the inheritance of the gene is a little more complicated than with
many other traits. The sex of the parent introducing the O gene into any
cross has to be taken into consideration (Table 4.1). Males have only one
X chromosome while females have two (XX). Therefore, male cats have
only one O (red) or o (non-red) allele while the female has two: OO (red),
Oo (tortoiseshell) or oo (non-red). Tortoiseshell cats are heterozygous, as
implied by their brindled or patchwork phenotype and are always female
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(with the exception of males with certain chromosomal abnormalities, as
discussed in the previous chapter).

The action of the O allele is to convert the production of black pigment
(eumelanin) into orange (phaeomelanin). If no black pigment is present
in the coat, one cannot discern if it is solid black or has been changed to
chocolate or cinnamon by the actions of b or b'. Therefore, an orange cat
may have the genotypes BB, Bb, Bb', bb, b'b or b'b. Any gene which acts
only on black pigment cannot be detected in orange animals.

The rich red of exhibition cats is caused by the selection of rufus type
polygenes. The intensity is enhanced by the presence of blotched tabby in
the genotype O(O)memec as opposed to mackerel (OMec-) or ticked tabby
(OT"-) as the deep red markings are more pronounced.

The tortoiseshell is a remarkable cat in a number of respects. Tortoise-
shells are a mosaic of orange and non-orange areas. The orange areas are
orange regardless of the type of tortoiseshell, whereas the non-orange
areas show the effects of genes A4, a, B, b, or b. In these cats, it is easily
apparent that O masks the effects of these genes. The equivalency of
tabby striping in the eumelanistic and pheomelanistic areas is shown by
the behavior of the pattern in the tabby tortoiseshell. The pattern carries
through from the tabby to the orange areas without a break except for a
change of color. ‘

As all tortoiseshells are obligate heterozygotes, the color cannot be
true breeding. Being females, they have to be mated to either orange or
non-orange males to give the results shown in Table 4.1. There is no
reason to prefer one sort of mating to the other. The actual tortoiseshell
pattern, brindled vs patched, is due largely to non-genetic or polygenetic
causes affecting embryonic development and are largely beyond the
control of the breeder. The wide variety of expression of tortoiseshell can
sometimes produce unexpected breeding results. These arise where the
tortoiseshell female appears to be non-tortoiseshell (due to an absence
or apparent absence of orange areas) or completely orange (due to an
absence or apparent absence of non-orange areas). These rare cats breed
as tortoiseshells although they do not seem to be tortoiseshell in appear-

L mon, possessing the genotype aab'b'dd. The color has a resemblance to ance.

= i lilac ’bllpxt isa lig%lter sl%ade. y’Igle cinnamon and fawn colors are seen in the The tortoiseshell and white (also known as calico) has the genotype
i i Oriental/Foreign breeds in its non-agouti form. It is most commonly aa0oS-, the white areas being produced by the dominant § allele. In most
7 i found, however, in the agouti form where this color creates unique respects, and in breeding behavior, the tortie and white is identical to the

ordinary tortoiseshell. There is a tendency for the variety to be less
brindled, with clearer and larger patches of orange and non-orange, as
discussed in the previous chapter. Often, the greater the amount of white,
the larger the patches of single color are. However, there is tremendous
variation and even the best tortie and white often shows some brindling.

The cream and blue-cream are dilute variations of the red and tortoise-
shell, respectively. The color change follows from the incorporation of d
into the genotype: cream male ddO, cream female ddOO and blue-cream
aaddOo. A pale, rather than a rich, cream is preferable for exhibition and
these are the animals favored for breeding purposes. In the UK, the colors
of the blue-cream should be softly intermingled whereas, in the USA
preference is given to those cats with segregated patches of blue and
cream.
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The chocolate (aabbD-Oo) and cinnamon (aab'b'D-Oo) are rather
fascinating tortoiseshell varieties, despite the relative lack of contrast
between the orange and non-orange areas. The lilac (aabbdd(Oo) and fawn
(aab'b'ddO0o) with cream coloration in place of orange, complete the range
of self-colored varieties. .

A comparable range of tabby tortoiseshells can be bred. Their
genotypes are identical to those discussed above, with the substitution of
the agouti gene A for a. These cats arc often referred to as Torbies.
Finally, the addition of the inhibitor gene extends the spectrum of colors
into the silver and smoke varieties. Each of these can be found in the usual
six standard colors. It should be apparent how the number of varieties can
multiply with each addition of a mutant allele to the genotype.

Tabbies

Everyone is familiar with the tabby cat. They abound in mongrel popula-
tions throughout the world. The common tabby is gray or yellow in color
with characteristic darker patterns which differ from cat to cat but are
consistent enough to fall into four generally recognizable forms. These are
the mackerel striped, the blotched or classic ‘bulls-eye’ pattern, the
spotted tabby and the ticked or abyssinian form of tabby.

The black-based mackerel tabby is the wild type, as defined earlier and
has the genotype A-B-D-Mc-. In exhibition cats the vertical striping
should be well defined, evenly spaced and as unbroken as possible. The
ground color (the color of the agouti band) of this form of tabby,=should
not be drab or ‘cold’ in tone but more auburn or ‘warm’. Exceptional
richness of ground color is due to enrichment by rufus modifiers.

The exhibition brown classic tabby is the blotched tabby of genetics.
The genotype is A-B-D-mcmc, differing from the mackerel in the posses-
sion of the mc allele. The tabby pattern can be very variable but brown
tabby breeders have managed to bring about some degree of stabilization.
The tabby markings must be well defined, as black as possible and
symmetrical. The agouti ground color should be a rich warm color, not
dull and lifeless. There is a tendency for the tabby pattern to be invaded
by excessive agouti ticking and a continuous watch must be kept on this,
otherwise the pattern becomes ill-defined and loses its solid appearance.
Some of the most spectacular examples of this color exist in the Ameri-
can Shorthair breed, where ideal color consists of such components as a
butterfly between the shoulders, double vertical rows of buttons on the
chest and stomach, bracelets and unbroken necklaces. B

ey thizd form of tabby is the spotted: The genetiuEal this tabby is.fiot
pEEs eefsely known and in some breeds it appedrs 0 be cansed by & distinct
Joutation. b ofhers it mdy merely be Hie effectafa - gene on the
mackerel tabby pattern. The siriping of the mackerel has an inherent
tendency to break up into short bars or spots. It is fairly easy to take
advantage of the tendency and to develop a spotted tabby by selective
breeding of broken mackerel tabby cats. The almost continuous variation
from mackerel to clearly spotted in some breeds is indicative that the
difference between the two is most likely polygenic. Breeders would be
wise to breed only from those spotted cats which come closest to their
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concept of the ideal animal. In some breeds, the spotted tabby pattern
appears to behave as a simple dominant allele (Sp). The dominant
modifier of the blotched tabby pattern seems to have reached the peak of
perfection in the Ocicat, a sup spoting”

-4 LESCSSIVE 10 (e spotted torm and 1§ Teferred 0 gy ‘mmarble’. ©
“Some of the most striking spotted tabbie?hre not the ordinary e:r"ow’n
.tab!)y color but are, instead, silver tabbies. This is not a coincidence as the
inhibitor gene eliminates pigment from the agouti band and thus between
and under the spots. A distinctively spotted tabby is the result. Superb
chocolate spotted tabbies with distinct, rounded spots have also been
produced and the same principle could apply to them. As the tabby
pattern consists of darker (intensely tipped) and lighter (slightly tipped)
hairs, the chocolate tipped hairs between the spots would blend into the
reddish/yellowish background, allowing the spots to stand out more
strongly.

The last tabby pattern is actually the lack of pattern; the ticked tabby
or Abyssinian tabby. Breeding experience with the Oriental Shorthair, a
breeq in which all tabby patterns can be seen, has demonstrated that this
gene is not an allele at the same locus as the mackerel and blotched tabby
patterns, but is a separate gene entirély (Lorimer, 1997). It appears to act
as a simple dominant to the other tabby patterns. In the ticked tabby,
deeply tipped hairs are uncommon, usually seen only on the legs, face, at
i[he neck and in circles around the tail. This pattern will be discussed more

ater.

To avoid unnecessary repetition in the following discussion of the
_various colored tabbies, these will be assumed to be blotched (mm). This
is the pattern most commonly found in exhibition cats. Td general, all of
the remarks apply equally to all tabby patterns. However, there is one
difference to be remembered. The mackerel and ticked tabbies are less
beavily pigmented than the blotched. The contrast between the tabby
pattern and the agouti background is, therefore, less distinct. This differ-
ence can make the recognition of certain phenotypes easier for one variety
of tabby over the other.

Blue tabby color results from the substitution of d for D in the
genotype, namely A-B-dd. The tabby markings are a slate blue and the
agouti areas are cream to oatmeal colored. The chocolate tabby has the
genotype A-bbD-. Here, the tabby markings are rich chocolate in color,
contrasting with a yellowish agouti band. The cinnamon tabby (A-b'b'D-)
is brighter in color. It must be noted that the genetically ‘brown’ tabby is
not the same color as seen in the breed variety that carries this name. The
exhibition brown tabby is a black tabby genetically because it has the
dominant B allele for black pigmentation. To avoid confusion, the genet-
ically ‘brown’ tabbies should be called either chocolate or cinnamon tabby,
as the case may be. The lilac tabby (A-bbdd) and the fawn tabby
(aab'b'dd) complete the sextet of basic tabby varieties. The last two colors
possess a lilac-fawn coat with a cream undercoat, the lilac being darker

e,
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than the fawn on average. However, there may be too much overlap of
lor for reliable differentiation. » '
apl?Aﬁlr?g)lC); cats are agouti, i.e. have the doxpinapt a_goutl allele A. rI.‘he
uniformly dark coat of non-agouti coloration is epistatic to the expressmri
of tabby pattern. It is difficult for a dark pattern to be obser\‘/ed in a cl?t?
which is already dark. This is not wholly true, of course, as a ghgst tabby
pattern can frequently be seen in kittens revealing t.he underlying ta hy
pattern that exists in all cats. This disappears later with the growth of the
ly pigmented mature coat. )
m(Xep‘(i)?;? gfpgglétic terminology may be commented upon at this s’gag%.
In discussing the various non-agouti cats, the tabby alleles were omitte
from the genotypes. It is true that a tabby a_llele must l?e present blilt, as
the a gene effectively ‘covers them up’, there is no point in mcludmg t feim.
Another practical aspect is that the actual tabby allele present is _oﬂen
unknown. However, the underlying tabby pattern may have a subtle influ-
ence on the color of the cat. An underlying blotched tabby pattern in a
pointed cat, for example, may spoil the color as the cat matures and the
body color darkens. But if this cat has ?hn undterlymg ticked tabby pattern,
or may remain clearer as the cat ages. ) _
thef['lll)tca);ieyisoaln impgrtant exception to the rule that all tgbbles are a'gouﬁl.
This is the orange or red tabby. These need_ not_nt_zce_:ssanly be agouti. The
reason for this is that a different sort of epistasis is involved in their case.

Red and cream tabby

or cream tabby pattern is shown against a lighter orange
103: ;lellsfwabz:(lliground, ina sizlill)ar manner to the other tabbleq, the vu;lw
is often held that the red or cream tabby cat must be agouti, A-._ T S
expressed pattern may be either mackerel, l?lotched, spotted or tlclizu
tabby. It is a easy to understand why this ‘mlsunderstapdmg oceurs.
black, blue, or brown tabby cats are agouti. The. recessive alternative to
agouti is self black, a uniform color against which the tabby pattern is

invisible.
ahxsiﬁ?cﬁ:;zd in the previous chapter, the hair_s of 'ghe coat are colored
by minute pigment granules which are deposnted in the shaft of ﬂﬁe
growing haif. A particular color is detel_'mmed by the nature of the
granules and how these are distributed in the hair The granules are
colored by two sorts of pigment, black (e}lmelanm) and yellow (phaeolrlne-
lanin), just before the eruption of the hairs. The ground_ color, the ye OV‘Z
band underlying the tabby pattern, is call.ed the agouti banq becausg, i
occurs on all agouiti hairs regardless of animal species. Agouti coloration
is seen on many species, including the mouse, hamster or cat. Tl}e purpgse
of the tabby pattern in the wilg is to ﬁix_nouﬂage the animal against preda-
oid being seen when stalking prey. ] )

tog;hc;r ;go?l‘t,i groundgcolor is produced in a curious fashion. The hairs of
a normal tabby cat are not uniformly colored from top to the tip. They
start as black at the tip, then change to yellow for a sl'10.rt distance, before
changing back to black. This may be seen by examining the seconda}:y
guard hairs under a strong magnifying lens. It may be argued that t e
black tip and the yellow band are easily seen but the basal part of the hair
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is blue, not black. This is an optical effect. The granules are black but
these become more sparse towards the root of the hair To human eyes
the reflected color becomes diluted or bluish.

In the tabby cat, the dominant agouti allele causes an inhibition of
pigment production. During the hair’s growth cycle, the level of
inhibitory agouti protein in the ccll increases. In the black/brown tabby,
black pigment production stopped shortly after the hair started to grow,
is replaced by yellow pigment production. But yellow pigment is not
produced at full, however, as it is also inhibited by the agouti allele,
although to a lesser extent than black pigment. In the red tabby, black
pigment is not produced at all. Strong yellow pigment is produced, until
it begins to be inhibited by the agouti protein. The red tabby pattern
can therefore be described as an overlap of extra yellow pigment at the
tips of the hairs which is so intense that it appears as red. The actual
tabby pattern is not changed, hence the cat is a red tabby. The pattern
results from areas of less pigment inhibition, where the agouti effect is
not as strong.

What will be the outcome of substituting the non-agouti allele for the
agouti allele? One might suppose that a solid red or cream cat would
result. However, this is not the case. The outcome is a red or cream tabby
indistinguishable {rom the agouti red or cream tabby. Red/cream tabby
can exist in two forms: as an agouti and as a non-agouti. The mutated
form of the wild-type agouti gene, the non-agouti allele, produces an
agouti protein that does not inhibit black pigment (resulting in self colored
cats), but still is able to inhibit yellow pigment. Thus, the tabby pattern is
produced in red and cream cats, despite the non-agouti mutation. This is
known as ‘masking’, where one gene (here, yellow) masks the presence of
other alleles (here, agouti vs non-agouti).

The above model can be demonstrated by comparison of the tabby
tortoise shell with the black tortoiseshell. The tabby areas of the former
are clearly agouti/tabby while the black areas of the latter are just as
clearly non-agouti (i.e. black). However, examination of the yellow areas
of the two tortoiseshells reveals that both have the lighter and darker red
areas of the red tabby.

Another proof of the existence of two forms of red tabby is the
existence of red tabby male kittens from the mating of a black stud to a
black tortoiseshell queen. These can be typical red tabbies in appearance
and yet must be non-agouti because both parents are non-agouti. Agouti
is dominant to non-agouti and it is impossible to breed a dominant form
from two recessive parents.

Despite this, a solidly red or cream appearing cat can be created. The
Abyssinian ticked tabby gene restricts the pattern to the head, limbs and
tail. By producing red cats that are genetically ticked tabbies, a solid
appearing red cat can be created. Selectively breeding for a less distinct
pattern, even in cats of other tabby patterns, can also result in a solid
appearing red or cream cat.

A breed which has taken advantage of the uniform body pattern of the
Abyssinian gene is the Burmese. The red Burmese is a self red in appear-
ance, due not only to the presence of the Abyssinian gene but also to the
Burmese gene which is a general lightening gene. The pale red color which

Ft L
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is produced is quite acceptable for the breed. Vestigial markings on the
head, limbs and tail are barely detectable.

Smoke

Smoke is formed by the combination of the inhibitor gene with non-agouti
(aal-). The action of I in producing white undercolor is clearly seen in this
variety. ‘Ghost’ tabby marking of dark and light pigmentation may be
observed in most kittens if one searches carefully enough. It may persist
in adults. The extent of the white undercolor is variable and the overall
color may be described as dark, medium or light, depending upon the
amount of top color or tipping. The white undercolor itself is not always
stark white in the smoke. The color may vary from off-white to bluish,
barely distinguishable from the blue undercolor of ordinary black. Very
dark smoke can be confused with black, producing the apparently
paradoxical situation of a smoke kitten being bred from black parents. In
these cases one of the parents may be a smoke in genotype but not in
appearance. The great variation in undercolor is comparable to that which
distinguishes shaded silver from chinchilla and is presumably due to the
same modifying genes.

The exhibition smoke may be short- or longhaired (aaB-D-I-) but it is
the latter which is most well known. The combination of the 7 allele with
other mutant alleles at other loci produces smokes of various colors. For
instance, the blue smoke (aaB-ddl-), chocolate smoke (aabbD-I-) and the
lilac smoke (aabbddl-) have been developed. The light undercolor is more
apparent when combined with a long coat and its beauty enhanced. The
corresponding shorthaired smokes can be attractive animals but cannot
compare with the sheer magnificence of these colors in the longhaired cat.

Silver tabby

The silver tabby owes its name to an absence of yellow pigment from the
agouti areas of the coat. Consequently, the black tabby pattern stands out
against a white background. The exhibition cat is very striking, especially
in the shorthaired cat. Careful selective breeding results in the complex
pattern characteristics mentioned previously with the brown tabby. The
silver looks its best when devoid of any suggestion of a tawny or yellow
suffusion, known among breeders as ‘tarnishing’. This fault often appears
in cross-bred silvers, indicating how successful breeders have been in
climinating this blemish through selective breeding.

Early studies to discover the nature of this gene, published in 1928, led
to the conclusion that this was a recessive trait, potentially another form
of albinism. A Siamese cat was bred to a silver longhair, resulting in only
black kittens. When these kittens were bred together, cats with white
undercoat were again produced (along with pointed long- and shorthaired
cats). Investigations in the 1970s into the inheritance of silver demons-
trated that the color is, however, produced by a dominant gene. An expla-
nation for the misleading results of the first study could be that the ‘black’
kittens produced were not in actuality true blacks, but were cats with such
a low amount of white undercoat as to appear solid in color. Genetically,
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some of these black kittens were black smokes. The white
became more apparent in the next generation. The variability :)1;1 gill-)cr(::
sion of the inhibitor gene, represented as 7, results in cats with varying
_degrt_aes of tipping: heavy tipping where cats have a narrow, or even almost
mv1s1ll)le, whlte. base to th'e hairs or light tipping where cats’ have an almost
icr?éng) le(:ily white coat with only a subtle overlying cast of their underly-
' The dominant inhibitor allele I suppresses the developme i
in its d_eposmoq in the growing hairs. The smoke cat Ii’s tl?ef 3255;?&
expression of this allele, while the silver is the agouti form. The inhibitory
guthgs of the agouti protein increase the effect of this form of pigment
mh1b1't1011 — silver cats have more white undercoat than smokes. Unlike the
agouti protein which has a greater effect on eumelanin than on phaeome-
lanin, the / allele appears to have a greater inhibitory affect on yellow
pigment than_ on black pigment. It completely eliminates the yellow pigment
of the agouti band. The first silvers showed some yellow in the coat, but
breeders have s.ele_cteq against this and eventually the silver became de’void
of yellow. Tarnishing is the breakthrough of phacomelanin production.
The most commonly known exhibition silver has the genotype
A-B-I-mcme. Tt is possible to have a mackerel-striped silver of genotype
A-B-D-I-Mc-. Other colors may occasionally be seen. The blue silver of
genotype A-B-ddl- is an interesting, subtle, color. It has a bluish tabby
pattern against an off-white background. The chocolate silver (A-bbD-I-)
lilac silver (A-bbddI-), and the rarer cinnamon (A-b'B'D-I) and fawn
silvers (A-b'b'ddl-) complete the series.

Chinchilla/shaded silver

Basically, the genotype of the chinchilla or shaded silver (A-D-I-Mec-
A-D-I-mcmc) is identical to that of the silver tabby. In fact, 1(1;4 kgtgnglcun(t)ill-
thg haqs grow lopg enough to show the pronounced white undercol(;r the
chinchilla looks like a silver tabby, exhibiting its underlying tabby patiern

Th_e majority of longhaired chinchillas seem to begin as blotched or.
classic tabby. Later, as the hair becomes longer, the pattern is dissipated

Only the extreme distal tips of the hairs are pigmented. During the kitten
phase when just the tips of the hairs are protruding through the skin, the
tgbby patiern is apparent because it is this portion of the hairs which is
tipped with pigment.

_ Two factors define the superb chinchilla Persian: hight -
tion for extreme phenotype combined with long h%a?ry 'i‘llllzce:li?élniilegf
pigment has been achieved by increasing the extent of the white under-
coat throu_gh selective breeding. The long hair adds to the overall effect
b_y exposing an_d emphasizing the undercolor and preventing the
plgI\rInentc_eld hair tips from forming any sort of pattern.

on-silver agouti cats (i) bred from heterozygous chinchi J
not identical to other tabbies, as would be expg(:gted, but areﬂ:;f:l:sb(rlighﬁ?
in color. They have been given the name of golden tabby, Chinchilla golden
or shaded golden. In goldens, the agouti band of the tabby pattern is
widened. Ex_ammatlon of hairs from goldens reveals that these are nearly
all yellow with a dark tip and a slight gray undercolor at the base.




166 Robinson’s Genetics for Cat Breeders and Veterinarians

It has been proposed that the chinchilla and goldens owe their unique
phenotype 1o the presence of a wide band gene provisionally denoted by
Wb. However, breeding studies appear to contradict this in favor of a
more polygenetic model that possibly acts by increasing the amount of
agouti protein produced in the melanocytes. As the wide banded tabby is
less heavily pigmented than the ordinary tabby, combination with the I
allele produces the phenotype of the chinchilla as opposed to that of the
typical silver tabby. Other modifying polygenes are undoubtedly involved
in dispersing the pattern and weakening pigmentation of eye color to the
characteristic blue-green or emerald green. These modifiers put the finish-
ing touches on the chinchilla phenotype.

The standard chinchilla has black-tipped hairs with the genotype A-B-
D-I-. However, chinchillas with biue-tipped hairs are not unknown, with
the genotype A-B-ddl- presumably arising from an out-cross to a
longhaired blue in past generations. These cats are not easy to detect as
adults but are obviously blue as young kittens. The chocolate chinchilla
(A-bbD-I-) appears ticked with dusky brown or off-colored black as adults
although it is more readily detectable as baby kittens. Lilac (A-bbddl-),
cinnamon (A-b'6'D-I-) and fawn (A-b'b'dd]-) varieties are also theoreti-
cally possible.

Cameo/red smoke

The combination of the genes I and O results in the cameo and red smoke.
These cats are very delightful creatures with the appearance of orange-
yellow tipping or veiling over a whitish background. The genotype is
‘A-I-O or aal-O for the male and A-I-OO or aal-OO for the female. Note
that because the non-agouti allele has no effect on red cats, the difference
between smoke and shaded cameos, unlike that between black smokes
and shaded silvers, is not due to the genotype at the agouti locus. The
parti-color or tortoiseshell cameo has the genotype aal-Oo, if the non-red
areas of the coat are smoke or A-I-Oo, if these arcas are silver tabby or
chinchilla. The tabby patterns are relatively unimportant in the cameo.
The m allele could be involved in producing the darker-shaded forms
while the M allele is probably involved with the lighter. However, this
must not be regarded as a hard and fast rule.

A property of the cameo is the considerable variation in the amount of
orange veiling. This is recognized by the general acceptance of three
grades of tipping. The most heavily shaded is the red smoke or smoke
cameo, with rather dense tipping, followed by the shaded cameo, with
noticeably less intense veiling, and the shell cameo, the lightest of all. In
very light animals, only the extreme distal tips of the hairs are orange. The
major difference between the shaded silver and chinchilla vs the cameo is
the conversion of black pigment to orange by the O gene. The funda-
mental gene in the creation of these two series of varieties is the inhibitor
gene I and similar polygenes are obvious shared between the shell cameo
and the chinchilla silver.

The various cream cameos have genotypes identical with the corre-
sponding red cameo with the addition of the d gene. The two fundamen-
tal constitutions, therefore, are I-ddO (male) and I-ddOO (female). These
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occur in the three intensities of veiling di i
‘ _ g discussed above. The dilute parti-
color may be either aaddl-Oo if the non-cream cameo areas of thepcoat

are bl -ddlI- i i
o hjlifa. smoke or A-ddl-Oo, if the areas are blue silver tabby or

Breeds

Abyssinian

The Abyssinian is an interesting cat genetically. Fundame
owes 1ts appearance to a unique mutant of ch usual tabbr;'ti)lzla)t]ig?r? :))fr iﬁg
cat. The Abyssinian, or t1_cked tabby, allele produces a restricted form of
tabby, the pattern occurring on the head, limbs and tail, but only faintl
on the rest of the body. Breeders of exhibition Abyssini’ans have furthe}r,
restricted the_: pattern but the ancestral form often reappears. The bod
f:r is agouti, as §hown by the evenly ticked appearance. The earl;
b_yssmlans were, in fact, affectionately known as ‘bunny cats’ because of
th%r-l reselgi)l(ance to the agouti rabbit. ©°
le usual (black) or ruddy Abyssinian is produced b i
the ticked gene (7"7*) and the agouti gene ?AA). The ﬁﬁoggz?g:l%; .
Pe wrztten as AAB-P-T’T’. The most dominant color of the Abyssiniany
u_su.al or ‘ruddy’, is a handsome cat and first class specimens shovs:
minimal traces of tabby pattern. The ground color has been intensified to
a 'wlilrtr;ll, almost mahogany, red. This increase in depth of color is on a par
wit e 'change £r01p the mongrel ginger cat to the richly colored red
tabby. It is p.robably, if not certain, that the same polygenes are concerned
All Abyssm}an c_olors are AAT*T" and this must he added to the above:
genotypes given in Table 10.1. The color described as usual/ruddy is the
normal or black and has no mutant color genes. The Somali colors have

identical genotypes to the above with the additi i
breed is a longhaired Abyssinian. P e

Table 10.1 Genotypes of Abyssinian colors

Color Genotype Color Genotype
Usual/ruddy Tortie
Oo
gﬁlt;colate Zg Chocolate tortie bb0Oo
e e B_]uc tortie ddOo
o o Lilac tortie bbddQOo
Sorre i Sorrel tortie 8'p'00
Silver I gﬁ\‘zan ttc’rrtti'e o
. T tortie I-0o

gﬁlc;cgillzit:rsﬂver ZZ;— Choco!ate silver tortie bbI-Oo
it bbd-dl B}ue silver tortie ddl-Oo
S i - Lilac silver tortie bbddl-Oo
e b ’I- Sorrel silver tortie b'b'I-O0
L Ob ddl- Fawn silver tortie bib'ddI-Oo
Pl (0) Red silver 1-0(0)

O0(0)dd Cream silver ddl-0(0)
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The sorrel Abyssinian was known as the red before its true genetic
nature was discovered and the color was renamed. This color is still known
as ‘red’ in some registries of the USA. This color is, genetically, cinnamon
tabby. The genotype is AAYD'D-T*T", differing from the usual/ruddy by
the substitution of the b allele for B. The color is a distinctive and attrac-
tive reddish brown, fully justifying its popularity. The chocolate Abyssin-
ian (AAbbD-T*T*) is a somewhat darker colored version of the sorrel
Abyssinian, resulting from the replacement of the b' allele by b. The two
forms are usually distinctive in general appearance but, if difficulty is
experienced, the solid colored tail tip is a ready means of differentiation.
The color of the tip is light brown for the sorrel but deeper chocolate
brown for the chocolate.

The blue Abyssinian has the genotype AAB-ddT°T*, with bluish ticking
over a cream to oatmeal ground color. The lilac has the genotype
AAbbAATT, with lilac ticking over the cream ground color. It is fairly
easy to distinguish the two dilute forms with experience. Again, the color
of the solid tail tip helps decide matters. The fawn Abyssinian is the dilute
of the sorrel, with the genotype AAbD'ddT'T*. The ticking is lighter than
that shown by the lilac and the coat is more cream in appearance. Unfor-
tunately, taking into account the color variation of the lilac and fawn, it
is often difficult to separate the two varieties.

The true red Abyssinian results from the orange O gene to give the
genotypes AAB-D-OT'T* for the male and AAB-D-OOT'T" for the
female. The coat color is bright orange and the tip of the tail is red. The
substitution of the b or b allele for B in the above genotypes makes little
difference to the phenotype. As a consequence, the red may have several
different genotypes. This is reflected in the breeding behavior when mated
to other varieties. The cream Abyssinian is the dilute form of the red. The
genotypes for the color will be identical to those of the red except that
the d allele replaces D. The color is a clear cream.

The tortoiseshell Abyssinian is a mixture of red and non-red areas, with
the basic genotype A-OoT*T*. The non-red areas will be the color of the
corresponding tortoiseshell variety-usnal (ruddy), sorrel, chocolate etc.,
with the appropriate genotype to match. A problem with the tortoiseshell
Abyssinian, unlike the other tabby pattern tortoiseshells, is that they are
not always easy to identify, especially if the red areas are dispersed
throughout the coat. This can be a challenging problem in some colored
varieties.

Introducing the inhibitor gene / into the breed has created the silver
series of varieties. Effectively, a white undercolor is produced, with the red
or cream ground color disappearing completely. The colored tipping to the
hairs will be one of the varieties described previously. All the colors
described thus far may be bred as silver varieties. Their respective genotypes
contain the I gene in addition to the usual complement. For instance, the
genotype of the fawn silver tortoiseshell is AAbBAdI-OoT"T?, to cite the
variety with the maximum number of mutant alleles. In all, there can be 28
varieties of the Abyssinian. However, it must be mentioned that selective
breeding for clear, white undercoat in the silver varieties is at odds with the
improvement of depth of ground color in the non-silver varieties. Programs
should specialize in either silver or non-silver varieties.
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Somali

The Somali is a longhaired version of the Abyssinian i i
ful, of course, as the breed was developed in ti;e USA bT}l/l :hl;a?;fe:fﬁfoa:lm(;f
longhaired kittens produced by the Abyssinian. The basic genotype is
AAIZT_”T_". The Spmali can be bred in all the color varieties found in the
Abyssqnan. Their genotypes are identical but with the addition of the
longha}red allele . The Somali variant is a shorthaired Somali with
longhaired ancestry, such as may arise from a cross with the Abyssinian
to maintain good conformation. These variants may be mated to Somalis
but_not to Abyssinians because of the probability of inadvertently intro-
ducing the long gene into the Abyssinian breed.

Siamese

The Siamese is an elegant animal and represents, in m ’

the quintessence of cat breeding. The brged may’ be taﬁ};ﬁoggrfef;::i
::)f ) the foreign ~or oricntal body type. The phenotype is a form of

Himalayan z?.lbmls'm’ that is found in many animals (e.g. rabbit and
mouse) but displaying more pigmentation than is typical. For instance, the
eyes are blue (instead of pink) and the body is slightly shaded (instea,d of
stark white). Apart from this, the Siamese is typical in that the kitten is
bgrn_ devoid of pigment but begins to form pigment on the nose and ears
within a qu days..This behavior is characteristic of this class of mutations

Production of pigment in the hair of the Siamese is temperature depen-'
dent. This phenomenon is responsible for the contrast between the color
of the body and the points. Pigment forms on the points because the
temperature 'of thesg areas is sufficiently low. However, the temperature
of the b_ody is too high for full pigment to be produced. As a result, the
coat varies f.rom pale to medium sepia, according to a number of fac,tors
Individual Siamese will not all shade to the same degree even if kept ai
the same room temperature. Some cats respond to changes of tempera-
ture whereas others do not. In general, the cooler the surrounding temper-
ature, the darker the color; the higher the temperature, the paler the color
The all.)mls.m allele has other affects on the Siamese cat. The visuai
p_at_hway is disrupted, preventing these cats from having full binocular
vision. These cats neurologically compensate for this abnormality.
however, and Fhe cat’s brain probably does not receive a distorted picture’
A result of this disruption can be the crossed eyes that are historically a
fault qf thlS' breed. Nystagmus, or tremors of the eyes, is a fault that can
oc%llr in plc)ér}ted cats of any breed.
e seal Siamese is a non-agouti black with the addition of the Si
allele ¢, i.e. aaB-c'c’D-. Note that the color of the points is not %IS;;?;SE
a _dark _sqal brown. Such degrading of color intensity is characteristic of
this albinism allele and fading of color applies to all varicties of Siamese
The color of the points differs slightly from the corresponding self color.
The blue Siamese has the genotype aaB-c'c’dd, the chocolate aabbccD-
an’(Ii‘htge l;lla:: g:tz)bbc‘c:’dd (frost point in some associations).
seal tabby point or seal lynx Siamese (sometimes called Co i

Shorthair in the USA) has the genotype A(-B-c’c‘D- and displa)}s0 rtg(t)all?;




e -

170 Robinson’s Genetics for Cat Breeders and Veterinarians

i the head, feet and tail. The genotypes of the other three
21(1)211;1;;11 agrse:ol;llue tabby point A-B-c‘c’dd, chocolate tabby point A-bb;c‘c‘Q-
and lilac tabby point A-bbc’c’dd. Note that the type of tabbyhpat_ ern is
not included because so little of the tabby is expressed that t 1? item is
relatively unimportant. If it is desirable that no .tabby mar 111%5 arg
apparent on the body, the ticked tabby pattern will be preferre fatlll1
selection should aim at minimizing and diffusing the expression of the
Str’ﬁllggr.ed and tortie point Siamese and their dilutes (also called Color-
point Shorthairs in some USA registqes) express the sex-linked oraggoe
gene. The formula for the red is ¢°c’O in the case of the male and cfcrh
for the female. The O gene is carried by the X ch;omosome and Tthlfl m4 eir-
itance of the gene is identical to that of an ordinary yellow (Table t'b)e:
Since O masks both A/a and B/b, the alleles at these two genes c]:f«lrnno 2
determined in the red point. Consequel}tly, these are omitted onll be
genotype. The presence or absence of either of these genes <f:an o]r; ly de
postulated from knowledge of the genotype of the parents or from ?:'d-
ing behavior. The cream point has the genotype c¢'c’ddO (male) or t_he-
dOO (female); the color being produced by the 4 gene acting upon
re(’il‘lll)égltlz)erltlité point Siamese can exist in a large number 91;1 different
varieties. The seal point is aaB-c’c’D-Oo, w1t}1 seal al}d refidls tor.t01scla-
shell markings. It should be clear that the various tortie points arﬁ SIImtIt) y
the combination of Siamese and tortoiseshell, the expression of the ‘at er
being almost exclusively confined to the points. The blue tortledsgm is
aaB-ccddQo, the chocolate aabbc'c’D-Oo and the lilac aa@bc’c" o.'th

A similar series of four colors occurs for the tabby tortie points, witl
the substitution of the A gene for a. For instance, the seal tabby tc:jrtg: is
A-B-¢c’D-Oo and so on. All Siamese are ¢’ and this must be ad eh to
the genotypes shown in Table 10.2. The Balinese/Javanese c«lJllor§ z‘:;l/e
identical genotypes to the above but with addition of c’c'l, t a_tj 1s,t. ei
breed is a longhaired Siamese.d The recti ;lrjld red tabby have identica

es, as do the cream and cream tabby. _
phgr(l)(zltlyg réd point and a red tabby point Siamese are rccpgméed.l 'Ele
former denotes the non-agouti red genotype, aac’cO0, while the latter
denotes the agouti red genotype, A-c'cOO. The reason for the distinction

Table 10.2 Genotypes of Siamese colors

Color Genotype Color Genotype
Seal Tortie aaOo

f:el;icolate Z:bb Chocolate tortie aabbOo

Blue aadd Blue tortie aaddQo

Lilac aabbdd Lilac tortie aabbddpa

Seal tabb; Seal tabby tortie A-Oo

C?la (?latey tabby bb Chocolate tabby tortie A-bbOo

Bh;)ec tabb dd Blue tabby tortie A-ddOo

Lilac tabb}),' bbdd Lilac tabby tortie ﬁ-l())b((g)Oo

(0 Red tabby -
o ZZd;O?O) Cream tabby A-ddO(0)

Cream
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is to avoid the situation of mating a red point to a seal point and produc-
ing tabby point kittens instead of the desired seal points. This is possible
because the two red Siamese cannot be distinguished visually. The breed-
ing policy is to assume that all red Siamese arc agouti until proven other-
wise. This may be done by mating a red to one of the self colors (seat,
blue, chocolate or lilac) or self tortie (same colors) and noting that all of
the non-red progeny are self colored. Red points bred from proven red
point Siamese parents would be acceptable. However, be on guard not to
mate a proven red point to an unknown red Siamese. This would undo all
previous careful breeding. The above comments apply with equal
relevance to the differences between the cream point and the cream tabby
point Siamese.

Foreign White/Oriental Shorthair/Havana

Non-pointed cats of similar conformation to the Siamese have been devel-
oped. Among the many varieties of Foreign or Oriental shorthaired cats,
the Foreign White deserves special mention. Apart from the fact that it is
a beautiful cat, the breed was created by the application of known genetic
principles. The object was to produce a true-breeding blue-eyed white cat.
This was accomplished by combining the Siamese allele ¢ with the
dominant white gene W. The coat is completely white due to the W gene
and the eyes are always blue due to the c’c* genotype. The eye color may
vary in intensity and the correct shade must be maintained through selec-
tive breeding. The genotype of the breed is c'c'W-. The mating of two cats
with the genotype c'cWW will consistently produce blue eyed offspring
due to Siamese albinism and white due to W. It is unfortunate that
deafness may still remain a recurring problem. Where there is epistatic
white, there will always be the potential for deafness.

The other colors of foreign cats, known as Oriental Shorthairs in the
USA, are shorthaired varieties produced by the usual combination of
genes. Hundreds of potential colors can be produced through combina-
tions of the inhibitor, dilute, chocolate/cinnamon, tabby pattern and
piebald mutations. The chestnut brown Oriental has been jsolated in the
USA into a separate breed, the Havana Brown.

Balinese/Javanese

These cats are a longhaired relation of the Siamese. The names are as
fanciful as that of Somali, as the breed was developed in the USA by selec-
tive breeding of longhaired offspring of Siamese. The basic genotype is
c’e’ll. Other genes are added to create particular color varieties, for
example aac’c’ll for the seal point Balinese or aac’c’ddll for the blue point
Balinese. All of the colors recognized for the Siamese may be bred in the
Balinese, with the tabby and red factored pointed colors being called
Javanese by some US registries. The Balinese variant is a shorthaired
Balinese with longhaired ancestry, such as may arise from a cross with the
Siamese to improve conformation. These variants may be mated to
Balinese but not to Siamese to avoid the probability of inadvertently intro-
ducing the long hair gene into the Siamese breed.
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Angora/Turkish Angora/Oriental Longhair

-poi of Oriental conformation have been developed as (he
lzzlglor;guétr?eidc Eil;[ls the UK. They are not to be confused with the Turkish
Angora cats of the USA, which are a longhaired breed of cat derlvczld
solely from cats imported from the Ankara Zoo, Turkey. Both breeds
come in a variety of colors, with white being the majority color of the
Turkish Angora. In the USA, longhaired non-pointed cats of Siamese
heritage are known as Oriental Longhairs. They exist in the same numer-
ous varieties as the Oriental Shorthair.

Burmese

The gene characteristic of the Burmese breed is a member of the albino
series, a step up from Siamese in terms of the amount of pigment
produced in the coat, but failing to attain the ﬁ_xll production level of the
normal colored cat. The result is that the black is chal}ged to a dark sepia
brown (seal) and the orange to a golden red. The points are darker than
the body color, the difference being very obvious in kittens but becs)mmgf
less perceptible in the adult. This effect confirms that the formation o

pigment in these cats is also temperature sensitive, as in the Siamese.
Another indication of temperature sensitivity is the fact that Burmese
kittens are born much paler than their adu!t _counterparts, as in the
Siamese. Pigment expression in the Burmese is just below full st_rength.
Thus, the four basic colors are recogrgizable, but are subtly paler in tone.

es are listed in Table 10.3. _
Th’;hgee:)?g&tion Burmese bred at the moment are non-agouti. The brown
or sable has the genotype aaB-c’c’D-, and is a dark seal brown. The blue
is aaB-c®c*dd, and is a bluish gray, the chocolate is aabbc®c?D-. and is a
medium chocolate brown. The lilac is aabbc®c®dd, a dele‘ctable dove, gray.
In the USA, the chocolate and lilac are kno_wq as c'hampag.ne and
‘platinum’, respectively. Generally, the fur color is hghter in the kitten but
darker in the adult coat. Also, traces of tabby striping may be ewdf;nt in
the kitten but this fades upon adulthood. It is of interest that most, if not
all, Burmese have the genotype for Abyssinian pattern, not the more usual
mackerel or blotched pattern. This may be of s1gn_1flcance as the Ta allele
would minimize the expression of tabby pattern in the coat, resulting in
e even body color.

m’ol‘rhe red Burymese has the genotype ¢’c¢’D-O (male) and c’c*D-O0
(female) and is golden red in color. This color results from a reduction of

Table 10.3 Genotypes of Burmese cat colors

Color Genotype Color Genotype
Brown tortie aaOo
aa )
g;?:::late aabb Chocolate tortie aabbOo
Blue aadd Blue tortie aaddOo
Lilac aabbdd Lilac tortie aabbddOo
Red aa0(0) Cream aaddO(0)

Note: All Burmese colors are ¢’c® and this must be added to the genotypes
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intensity caused by ¢?, on the one hand, and a policy of breeding for
minimal tabby marking. The latter would result in a dissipation of the
deeper pigment which is produced by the tabby pattern in red cats. The
cream is a lighter-colored variation of the red and has the genotype
c’c®ddO and c*c*dd00, depending on gender. The tortic and blue-croam
varieties are simply Burmese analogues of the usual tortie and blue-cream,
with genotypes aaB-c’c?D-00 and aaB-c’c*ddOo, respectively. The choco-
late tortie (aabbc’c®D-Qo), and lilac tortie (aabbc®c’ddOo) complete the
series of varieties of Burmese. The red and cream varieties are non-agouti
aa because of the method by which the Burmese are bred at this time.

Singapura

The popularity of the Burmese has lead to. the development of cats with
the conformation of Burmese, but in different colors. The Singapura is a
sleek cat of striking coloration. The breed results from a combination of
the Abyssinian ticked tabby pattern and agouti allele with the Burmese
allele. The foundation cats were carefully test bred and culled in order to
establish the homozygous genotype AABBc*c:DDT*T*. The Abyssinian
pattern is clearly evident, while the color is a pleasing tone of dark sepia
brown, shading over the body, upon a cream background.

Burmilla/Bombay/Asian

The Burmilla originated from a mating between a lilac Burmese and a
Chinchilla. The first cross cats were so striking in appearance and type
that these were developed by assiduous selection into a breed. The coat
is short, with a white undercoat, profusely shaded with tipping of various
colors. All of the colors found in the Burmese are permitted. The funda-
mental genotype is A-c’c’I-, with addition of the pertinent other genes to
engender each of the colored varieties. The shaded Burmilla is agouti,
and when non-agouti (aa) is added to the genotype the smoke Burmoire
is produced. These have light or white undercolor but are more heavily
shaded. The basic genotype is aal- c’c?, together with the pertinent genes
for the color varicties. All of the above have the dominant allele of the
I gene to produce the white undercoat. Varieties which lack the [ allele
also occur within the breed. Continuing with the theme of the confor-
mation of Burmese in non-traditional colors is the patent-leather jet black
variety known as the Bombay (aaB-D-C-) and the agouti varieties known
as Asians. Associations around the world are beginning to recognize the
popular Burmese breed in a wider range of color possibilities and the
definition and limitations of these breeds vary widely between countries
and registries.

Tiffany/Tiffanie
Although the original cats bearing this name in the USA were chocolate
brown cats, completely unrelated to the Burmese breed, the

Tiffany/Tiffanie breed independently developed in the UK is a longhaired
variety of the Burmese with the genotype aac’c?ll. The long coat produces
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a greater contrast between the sepia-brown tones over the body and the
darker points.

Tonkinese

As the Burmese ¢® allele is incompletely dominant to the Siamese ¢* allele,
it is possible to have a light phase Burmese. This has become known as the
Tonkinese. The fundamental genotype is aac®c’. Other genes are added to
produce the color varieties. The seal or natural mink variety has the
genotype aaB-ctc’D-, while the chocolate is aabbc’c*D-, and so on for all
of the recognized color varicties. The difference between the darker
Burmese (also known as sepia) and the lighter mink phases is most obvious
for kittens. The body color of the light phase is distinctly lighter and the
contrast between the depth of pigment of the points and that of the body
is emphasized. There is some variation, and the lightest may the appear-
ance of dark Siamese while the darkest can approach the Burmese in color.
As adults, the difference between the phases can be less noticeable.

Eye color is often a unique shade of aqua in this breed, an ap[')arent‘}mid-
point between the deep blue eyes of the Siamese used in their develop-
ment and the weak yellow to gold eye color of the Burmese. As exh_lbltlon
Tonkinese (the ‘mink’ colors) are heterozygous, variant cats of Siamese
and Burmese coloration are produced when these are mated together.

Albino

The complete albino with pink eyes and white coat is almost unknown in
the cat. There have been two reports of albinism in the past, one from
North America and one from France. In the most authenticated case, the
pupil is described as blood red and the iris a transluc_ent wt_nite. It is a little
surprising that the true albino has not been established in cats because
this mutation is extremely common among mammals and has been
accepted by most fanciers as a respectable breed. )

The ‘Albino Siamese’ bred in the USA is a Siamese-type cat with a
completely white coat (no points) and eye color of a pale bluish-pink. It
is inherited as a recessive to both normal color and Siamese. This form of
albinism has also been observed in the Himalayan/Colorpoint.

More recently, an albino variety has been bred in Belgium under the
name of ‘European albino’. The coat is fully white while the_ eyes are ruby-
red, with pale translucent blue irises. The body type is that of the
European shorthair. The color is inherited as a recessive. Apart from body
conformation, which is immaterial, the similar phenotype and heredity
would imply that the two mutants are similar if not actually identical. Both
forms are ascribed to a mutant allele ¢* which is assumed to be just short
of true albinism. However, the structure of the feline eye may be such that
the pink iris color seen in other species may not be attainable. It may be
the reflective/refractive qualities of the eye itself that produce the blue eye
color seen in the reported albinos. )

The blue-eyed albino is sometimes confused with Fhe blue-eyed white
produced by the dominant W allele. The two are similar, but only super-
ficially, for close examination will reveal that the eye color differs between
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the two. Concern has been expressed that the albino may suffer from eye
defects or deafness but this does not seem to be so. There is some photo-
sensitivity, but this is also shown by the Siamese to some extent. Deafness
1s not a property of albinism. It must be emphasized that W and ¢* are
unrelated genetically.

Egyptian Man

The Egyptian Mau is a spotted tabby of graceful foreign type. The inter-
esting aspect of the breed is that it was the first to adopt the spotted tabby
phenqtype as its ‘hallmark’. It is unknown if the spotted form is a distinct
genetic entity or if it is a modified mackerel tabby of basic genotype
A-M°-. Because of the consistency with which the spotted pattern is
produced, a separated spotted gene, provisionally indicated by Sp, seems
likely, masking an underlying mackerel pattern. There is some variation
in sharpness of definition, size and roundness of the spots but this can be
overcome by selective breeding. Careful and diligent selection is essential
to maintain the ideal spotted pattern.

The ordinary Egyptian Mau is a black tabby (A-B-D-) while the Bronze
Mau is the chocolate tabby (4-bbD-). These are uniquely attractive cats,
with rich chocolate spots against a yellowish background. The cinnamon
Mau (A4-b'0'D-) is also an attractive cat, differing from the Bronze in
having lighter brown spots. Introducing the dilution gene produces the
blue Mau (A4-B-dd), the lilac Mau, and the fawn (A-b'p'D-). The fawn
form is described as having a rosy-pink aura. One further variety which
certainly merits comment is the silver Man (A-B-D-1-), with its contrast-
ing pattern of black spots on a white background. It has also been bred
in the five other basic colors. A non-agouti cat with the inhibitor gene,
the smoke, shows the extent to which ‘ghost striping’ can be accentuated
by selective breeding and a white undercoat.

Chinese Harlequin

An attempt was made some years ago to popularize a nearly all-white
oriental style cat under the name of ‘Chinese Harlequin’, based upon an
alleged, probably mythical, ancient Chinese cat. The variety is mainly
white except for small patches of black on the head, sometimes on the
body, and a black tail. The genotype is aaB-SS. Only black were produced
but presumably the blue (aaB-ddSS) would be an excellent alternative to
the black. The phenotype is undoubtedly ‘pretty’, more perhaps to the
casual cat keeper than to the serious breeder.

Longhairs/Persians

It has been said that the longhaired cat is one of nature’s most beautiful
creations. There is little doubt that the breed, known as Persian in the
USA, has been brought to a high level of perfection. The coat is due
mainly to homozygosity of the longhair gene (D). In the exhibition animal,
the coat is long, full bodied and exquisitely soft. In the mongrel longhaired
cat, the coat is usually not so long, is often less dense and can be coarse
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to the touch. These differences are due to modifying polygenes which are
inherited independently of the / gene. This fact also explains why the coat -
may differ in length or texture between shorthaired breeds. The coat, of
course, is the most important feature of the Longhair and particular atten-
tion should be given to its quality in a breeding program. ,

Any of the colors found in shorthaired cats may be found in the
Longhair. There can be subtle differences, however, due to the extra hair
length. The tabby pattern, for example, is less well defined and less easily
recognizable. The main factor to remember in longhaired cats is that the
hairs overlap each other to a greater extent and not always regularly. A
much greater length of the hair shaft is exposed and, as this is less
intensely pigmented than the tip, it often produces an apparent reduction
of color. Breeders have countered this effect to some extent by selection
for sound color. This is most desirable for the black.

The black and the blue Longhair have the genotypes aaB-D-ll and aaB-
ddll, respectively. Quality of coat, uniformity and depth of color, and
richness of eye color are of prime importance in breeding programs. These
traits are not necessarily of equal importance, and each line will have its
particular strengths and weaknesses. The self chocolate has the genotype
aabbD-ll and the self lilac, aabbddll. The whole color spectrum may be
produced in this breed, with the exception of the cinnamon and fawn
varieties which do not exist in the gene pool at this time.

The brown tabby has the genotype A-B-D-mcmc, or occasionally, A-B-
D-Mc-. The red tabby (D-Omcmc, male; D-OOmemc, female) should
possess all of the qualities of the shorthaired breed, but in a long coat.
Similarly, for the tortoiseshell (aaD-Oossmcme) and the tortoiseshell and
white (zaD-OoS-mcmc). The red self is of the same basic genotype as the
red tabby except that the tabby pattern has been encouraged to spread
into a large patch of deep red, covering the cat’s body. Long hair tends
to blur the pattern but, in developing the variety, reliance should not be
placed upon this. Nor should one rely upon the chance occurrence of well
colored individuals deriving from ordinary red tabbies. There should be
deliberate selection for cats with this extended blotched pattern where the
whorls and spirals have joined to form patches of intense pigmentation.
These animals- are distinct from the ordinary blotched tabby and proba-
bly would be regarded as too heavily patterned. However, these should
be eagerly sought after for self red breeding. An alternate way to produce
a seemingly self red cat is to selectively breed for a very faint mackerel
tabby pattern, with a wide agouti band. This will result in a lighter body
color, however, than the above approach.

The Maine Coon, Siberian and Norwegian Forest cats are longhaired
breeds with firm coats, lacking the fullness associated with the British
Longhairs/Persians. These cats have distinct conformation from the tradi-
tional longhair and can occur in all of the usual colors, although the tabby
colors, with or without white spotting, seem to be the most common.

Colourpoint

A crossing of longhairs with pointed cats has resulted in the development
of the Colourpoint or Himalayan Longhair. These lovely cats are not
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Table 10.4 Genotypes of Colourpoint colors

Color Genotype Color Genotype
Seal aa Seal tortie aa

Oo
g]l:lc;colate aag‘l; Chocolatg tortie aabbCa
e aa B}ue tortie aaddCo
S b aabbdd Lilac tortie aabbddOs
o) tab g' wabb Seal tabby tortie Qo
Bhocolate y bb Chocolate tabby tortie bb0Oo
e tabby dd Blue tabby tortie ddCo
A y bbdd Lilac tabby tortie bbddCo
e b aa0(0) Cream aaddO(0)
_e abby 0(0) Cream tabby ddOo(0)

simply longhaired Siamese, for the conformation is completel diff
) [ , erent
and identical to that of the traditional longhair. The COIOﬁrpoil}lltS tende:lo
]f1rzg$ <t:lllea1('ier body color (;[han the Siamese, due to temperature insulation
€ dense coat, and this emphasizes th
ol the oo p e contrast between the body
Col_ourpon?ts may be bred in all of the colors known for Siamese. The
genetic constitutions are the same, with the addition of the longhair gene:
seal (aaB-c'c’D-), blue (aaB-c’c’dd), chocolate (aabc'eD-), lilac (aabbccdd)
red (c¢'cD-00), cream (c'c’ddO0), tortoiseshell (c'c’D-0o) and blue-cream
(c’c'dd(_)o). The addition of the A allele also resuits in a series of tabby or
lynzl{pocm}s and smoke or silver points are also possible. :
-olourpoints are ¢*c’ll and this should be added to the genotypes
shown in Table_ 10.4. Red and red tabby (as well as cream agnd cr)c;gm
cabl_Jy) look alike but have different genotypes. The blue and lilac
torties are also known as blue-cream and lilac-cream, respectively. The
E;glnagll angdlifigdol} colors have identical genotypes to the above but
€ addition of c’c’S-/l; that is, th i i i
white spouti. e breed is a Colourpoint with

Birman

Tl_1£: B1man 1s an unusual, longhaired pointed cat. It is not, as one might
think, simply a var.iation of the Colorpoint, although the Colorpoint has
been bred to the Birman in the past, While the seal variety of each breed
has the genotype aac’cll, the Birman has white ‘gloves’ on the feet
whereas the Colorpoint does not. The white should not be too extensive
SO as to appear as a ‘stocking’. The observations of K.J. Clark have lead
to the hypothe:s%s that a unique recessive gene for minor white spotting is
mvol_ved, provisionally denoted by the symbol g. However, other crossings
pf Bu’ma_ns with non-white spotted cats has proven that the white gloving
is a dominant trait. This could be due to the white spotting allele depicted
as .S, .another_ al.le!e at that locus, or a different gene. The control of white
spotting to limit it to the feet could be the result of polygenetic factors

and not a major gene. All the colors of th ; ;
Birman. 8 s of the Colorpoint may occur in the
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Ragdoll

Ragdoll is another longhaired breed that has elements pf the Co_lpr- .
gcl:i?lt ingthe background, toggether with piebald spotting. This results‘m a
cat of very pleasing appearance. All Ragdolls are pointed anc_l longhaired.
It can occur in any of the colors listed above for the Colorpomt,‘ although
some associations limit the colors to seal, blue, chocolate and lilac. Each
of the above can be combined with piebald S allele to produce one of two
grades of white pattern: A limited amount of white on the face and feet
is called the mitted pattern, while a more extensive white pattern, where
white also occurs on the body, is called the blcolqr pattern.‘The former
appears to be the heterozygous Ss expltession of plebald, while the latter
often is the homozygous S5. Polygenetic factors influence the amount of

i ing and its pattern. ) _
Wh{‘fesggltztle %lagdoll vgas given to these cats because of their exceptional
relaxed, docile and affectionate behavior. These q.uz'ﬂltles were claimed to
be enhanced by a car accident which befell the original queen, a textbook
example of the fallacy of the inheritance of acquired traits.

Turkish

. . . . . d long
The Turkish (or Van) has extensive white spotting combined an
hair. The basic(: genotype is IISS. The colored areas are confined mostly to
the head, elsewhere only on occasion, with a 'col'ore.d tail. In some
registries these may only be orange (D-/I00SS), indicating the presence
of O. An interesting variation is the cream Turkish of genotype ddll0OSS.
Black and blue varieties, of genotype aallSS and aaddilSS, respectively,
are also bred.

Snowshoe

i ith white
These are rather pretty short-coated cats of Siamese pattern wi
‘gloves’ to the feet. The gloves are produced by the heterozygous expres-
sion of the piebald gene S. The heterozygote Ss typically induces white
toes but also small streaks of white on the face and stomach.

Rex

The two most established rex breeds are the Cornish and Devon rexes.
These differ in body conformation and in the nature of the rex coat. The
Cornish Rex lacks the primary guard hairs but, in general, has the denser
and more complete coat. The Devon Rex coat possesses guard hairs but
tends to have a thinner coat and is more prone to have bare areas,
especially on the chest and stomach. The density of coat and the ability
to retain the coat from one molt to the next are items that can be
controlled through careful breeding. These aspects are under polygenic
Coit;(})'l.of the colors known to occur in the normal furred cat may be
found, or can be produced, in either of the rex breeds. It only requires
patience and familiarity in manipulating the relevant genes. For
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example, the black or blue Cornish would have the genotypes aaB-D-rr
and aaB-ddrr, respectively. The seal Devon Si-rex (Siamese rex) would
have the constitution aaB-c’c*D-rere and the white Devon Rex, rereW-.
These examples could be almost endlessly extended. The Devon color
range includes the spectrum of burmese colors from outcrosses to that
breed.

It has been decreed by the rex breed societies that the two rexes be
kept separated and never be crossed. Crosses between Devon and Cornish
rexes produces cats heterozygous at both loci (RrRere) and therefore
straight coated. During the early days of the rex, a presumptive double
1ex (rrrere) was bred, combining features of both rexes and having a soft,
thin coat.

Also during the initial development of the Cornish Rezx, the longhaired
rex (lrr) was produced. The coat was longer than normal, but not as long
as the Persian, and very fine in texture. The whiskers were bent and
curled, a sure sign of the presence of a rex gene. The phenotype was not
particularly attractive and was not pursued.

Selkirk Rex

The Selkirk Rex is another curly coated breed, this one developed from
a mutation occurring in the USA. It is characterized by the dominant gene
Se. Curliness of the coat is apparent from birth. These cats have been
developed into a different conformation than either the Devon or Cornish
Rex. The cat is heavy boned with a rounded head and short muzzle. They
have been developed in both shorthaired and longhaired varieties,
although the coat length is not as long as Persian in the latter. This breed
also occurs in a wide spectrum of colors, self, pointed, tabby, piebald,
smoke and silver as well as the full range of Burmese colors. Homozygous
cats (SeSe) have a different type of coat, one that is finer, curlier and
sparser than that of the heterozygote. Exhibition Selkirks are heterozy-
gous cats.

American Wirehair

Another coat mutation that first appeared in the USA is the dominant
wirehair mutation (Wh). This trait has been developed into a breed with
the general conformation of the American Shorthair. The coat is bristly
and develops slowly as the cat matures. The fur can be brittle and prone
to breakage. Breeders select for cats that are densely coated. This gene
has incomplete penetrance where cats with the dominant allele may have
normal coat appearance but are capable of producing wire coated
offspring.

Sphynx

The Sphynx is described as a hairless cat, but this is not strictly true. The
Sphynx kitten has a soft covering of hair which is lost as the kitten devel-
ops. The adult animal may have a transitional covering of fine hair but
this is lost as the cat matures until the skin is permanently hairless except
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for a few thin hairs on various parts of the body. The trait is recessive and
symbolized by hr. The whiskers are short and bent, similar to those of the
rex. In fact, the similarity of Sphynx to the Devon Rex induced breeders
to cross the two breeds, a practice which led to the finding that the Sphynx
hairlessness is dominant to the rex coat.

American Curl

The American Curl breed was developed from a dominant mutation Cu
which causes the external ear (pinna) to curve gently backwards. The
effect is caused by a change in cartilage formation. The pinnae are of
normal appearance for the first 12 to 16 weeks of kittenhood but then
begin to develop the curve, which is permanent. This gives the cat a rather
alert appearance. There is variation in the degree of curvature and selec-
tion must be practiced to arrive at the desired curve. The American Curl
can be bred in any color, together with long- or shorthair. Large numbers
of homozygous curl CuCu cats have been produced, with no reported

anomalies.

Scottish Fold

The Scottish Fold takes its name from the country in which it was found
and from the fact that the apex of the ear pinna is bent forward because
of a defect in cartilage development. The ear fold is not present for the
first four weeks or so of life but then the peak tilts forwards to become
a permanent feature at about 12 weeks. The fold is produced by a
dominant allele Fd with incomplete penetrance. Unfortunately for the
popularity of the breed, the cartilage defect is echoed throughout the
skeletal system, but appears to cause no other symptoms for the major-
ity of heterozygotes. However, the homozygote may have a crippling
overgrowth of the cartilage of the bones known as osteodystrophy. The
bones of the tail become palpably thickened and stiffened, and the bones
of the legs become thickened and arthritic, especially around the feet.
Normal bone growth is disturbed because of abnormalities of the epiphy-
seal plates. Ossification is also deficient and irregular. Eventually in
these cats, they lose the ability to walk properly and suffer considerable
discomfort.

To avoid the breeding of the homozygote, the Scottish Fold cat
should only be mated to other breeds (British Shorthairs have been
used for this purpose) or normal-eared cats which have been bred from
Scottish Folds. The problem with the latter approach is that because
this gene is an incomplete dominant, some Folds with the mutant allele
have normal appearing ears. It is disturbing that even in the most
careful breeding program, a small proportion of the cats produced
develop the crippling form of this abnormality. Very rarely heterozy-
gote cats also suffer from the abnormality. A myth surrounding this
breed is that they are prone to deafness and more susceptible to ear
infections. Neither is true. The Fold may be found in any color, pattern
or coat type.
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Manx

The Manx cat, associated with the Isle of Man, is one of the most well-
known breeds,_ even by people who do not keep cats. Similar mutations
have occurred in many parts of the world. It is bred in a number of colors
and in both coat lengths. Any of the known colors could be combined
with the Manx gene M, although some associations limit the color
spectrum. The trait is dominant, with a wide variety of expression from
a slightly foreshortened tail to complete lack of coccygeal vertebrae
(‘rumpy’).

The hqmozygote MM has been declared a prenatal lethal, although this
presumption has been recently questioned by Manx breeders. Initial
studies noted that 25 per cent of kittens from Manx to Manx breeding
were reabsorbed in utero. However, fetal death seems to be fairly
common in all cats. The Manx is associated with various anomalies of the
lower vertebrae and anal region. A stilted or stiff-legged gait can be the
symptom of pplvic defects. Constipation, megacolon and both urinary and
bowel Incontinence can be symptoms of abnormal anal and perineal
dener.vatlo_n. The colon and bladder can be enlarged. Spina bifida is also
seen in this breed. Selective breeding for severely shortened bodies can
precipitate these defects.

These various anomalies arise from the action of the M allele in
causing the taillessness and are inescapable in Manx breeding. This allele
disrupts tl?e normal development of the caudal neural tube during
embry_olc_)glcal growth. The spinal cord may terminate abruptly because
of a missing sacral cord segment, the part of the spinal cord that provides
Innervation to the colon, bladder, perineum region and hind leg muscles.
It is urged that only the most robust and healthy cats should be allowed
to breed.

The ionghain_sd Manx (iIMm) has been produced in the USA under the
name of ‘Cymric’. Despite the appellation, the variety has no connection
with Wales. Several different colors are known.

Japanese Bobtail

Thc.e J apanese Bobtail is a form of short tail common in Far Eastern cats
which is different from that seen in the Manx. It is the result of a mutation.
The tail is shorter, rather than absent, and there are no overt signs of any
other s_keletal abnormality. The breed has been popularized in the USA.
The tail length is variable but usually less than 4 inches (10 cm) long. It
15 often curved and rigid, not always flexible. The fur on the tail is often
bushier than that of covering a normal tail, creating a pom-pom type
appearance that is unique to the breed. Cats with high-grade white
spotting (aaSS) are popular varieties, with the tricolor (2a00SS), or ‘Mi-
ke’ being exceptionally prized. These are individuals, mostly white, with
patches of orange and black, either occurring as separate islands of color
or composed of patches of color with minimal brindling.
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Technical Appendices ,
A: Color likelihood from matings involving chocolate and dilute alleles

isti istributi i ings involving the chocolate and..
Table 10.5 Statistical distribution of offspring from matings invo) b
di;‘ut: alleles. These numbers give guidance on the likelihood of a parhcul?r. colored .
offspring being produced in a litter, but each individual litter may not exlubl_t the precise
distributions described here, due to the small sample size represented by a single litter

Statistical odds (%) of color of offspring

Parental types Black Chocolate Biue Lilac
(ciher parent) BBDD BBDd BbDD BbDd bbDD bbDd BBdd Bbdd bbdd

BBDD X BBDD 100

black
¢ ) X BBDd 50 50
X BbDD 50 50
X BbDd 25 25 1%(5) 25
X bbDD
X bbDd 50 50
X BBdd 100
X Bbdd 50 50
X bbdd 100 ’s
BBDd X BBDd %g gg ”s ”s
black X BbDD
c(:arrying X BbDd 125 25 125 25 125 125
dilute) X bbDD 50 50 ’s
X bbDd % 25 50 .
dd
§ ggdd 25 25 25 §3
X bbdd ’s s 50 25
X BbDD
giﬂf X BbDd 125 125 gg 25 %5 12.5
bbDD
chocolate) i bbDd 25 25 25 25
X BBdd 50 50
X Bbdd 25 50 25
X bbdd 50 50 25 125 625
BbDd X BbDd 625 125 gS gg 22.25 gS 6. ; .
X bbDD
c(::g;]i(ng X gng 125 25 125 25 12.5 25 12.5
both) X BBdd 25 25 25 s = 15
X Bbdd 12.5 25 12.5 12. .
X bbdd 25 25 25 25
bbDD X bbDD 100 ©
(chocolate) X bbDd 50
X BBdd 100
X Bbdd 50 50
X bbdd 100 55
bbDd X bbDd 25 50 %
(chocolate X BBdd 50 ”s b 25
carrying X Bbdd 25 & »
dilute) X bbdd 100
BBdd X BBdd P %
(blue) X Bbdd -
X bbdd ’s » 25
Bbdd X Bbdd
lue
S::rrying X bbdd 50 50
chocolate) o
bbdd X bbdd

(lidac)

Genetics of color variation and breeds 183

B: List of color and coat mutant genes and symbols

Table 10.6 Color and coat mutant genes and symbols

Symbol Name Symbol Name

a Non-agouti mc Blotched tabby
b Chocolate o Orange

bt Cinnamon r Cornish Rex
c® Burmese re Devon Rex

¢ Siamese ro Oregon Rex

[ Blue-eye albino Se Selkirk Rex

[4 Pink-eyed albino S White spotting
d Dilution ™ Abyssinian

hr Sphynx rad Abyssinian

1 Melanin inhibitor w Dominant white
! Long hair Wh Wire hair

Mc Mackerel tabby

Note: The following mutant genes are probable but can only be listed as provisional at present: Dm dilute modifier; Sp
spotted tabby modifier. See text for details of each gene,

C: Blood types

During the 1990s, research published by the University of Pennsylvania has
indicated that domestic cats possess several different biood types. Those
identified so far are A, B and AB. It is important to note that these do not
bear the same relationship to each other as do the similarly-named blood
types in humans.

Survey work in the USA indicates that the frequency of type B varies
widely among specific breeds. In addition, the interplay between blood
types has been identified as a primary cause of what breeders know as
‘fading kitten syndrome’, or neonatal isoerythrolysis. Specifically, neonatal
isoerythrolysis seems to occur when a B queen is nursing A kittens. Blood
type testing is available for adults and can be used at the delivery of kittens.
This means that breeders can avoid noenatal isoerythrolysis in many cases
by withdrawing kittens at risk from nursing on the queen for about 18
hours.

However, the fact that the samples have been largely limited to the USA
precludes the development of any list which can state with certainty the
frequency with which B occurs in each breed. Time will undoubtedly
change that.

D: Breeds and outcrosses

Every cat registry has its own rules relating to the ability of registered
pedigreed cats to be crossed with other breeds of cats, It is important for
both the breeder and the veterinarian to understand that it is possible for
one breed to have one, two or even three allowable outcrosses in its
pedigree. Table 10.7 describes the current status of such ailowable
outcrosses for recognized and provisional breeds in two of the world’s
major registries, CFA and FiFE. This list does not include outcrosses which
have been permitted in the past.
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Table 10.7 Permitted outcrosses for recognized and provisional breeds — 1998

Breed Allowable outcrosses
CFA FiFe
ini Somali
Abyssinian None )
Am}::rican Curl Domestic short/longhair N/R
American Shorthair None . N/R
American Wirehair American Shorthair N/R

Balinese
Birman
Bombay

Burmilla

British [Shorthair]
Burmese

Chartreux
Colorpoint Shorthair
Cornish Rex

Devon Rex

European
European Burmese
Egyptian Mau
Exotic

German Rex
Havana Brown
Japanese Bobtail
Javanese

Korat

Maine Coon

Manx

Norwegian Forest Cat
QOcicat

Oriental

Persian
Ragdoll
Russian Blue
Sacred Birman
Scottish Fold

Selkirk Rex

Siamese
Siberian
Singapura
Sokoke

Somali
Tonkinese
Turkish Angora
Turkish Van

Siamese

None

American Shorthair,
Burmese

N/R

None

None

None

Siamese

None

American Shorthair,
British Shorthair
N/R

None

None

Persian

N/R

None

None

Balinese, Colorpoint
Shorthair, Siamese
None

None

None

None

Abyssinian
Siamese, Colorpoint Shorthair,
Balinese, Javanese
None

None

None

N/R

British Shorthair,
American Shorthair
British Shorthair,
Persian, Exotic
None

NR

None

N/R

Abyssinian

None

None

None

Javanese, Oriental, Siamese
N/R
N/R

Burmese
None
None
None
N/R
None
None

None

N/R

None

Persian

None

N/R

None

Balinese, Oriental, Siamese

None

None

British, European

None

None

Balinese, Javanese, Siamese

Exotic
None
None
None
N/R

N/R

Balinese, Javanese, Oriental
None

N/R

None

Abyssinian

N/R

None

None

Notes: N/R Not recognized (under this name). In some cases, the differences in breeds is only one of nomenclature; in

others it is more significant.

For some breeds, the allowable outcrosses have other significant restrictions, such as date after which they are no longer

allowed, or a limitation of which celor or hair length is permitted for outcrossing.

Chapter 11

Genetic anomalies

* Classification

» Specific anomalies

* Technical appendix:
List of genetic anomalies and symbols

« Historical appendix:
The elimination of craniofacial defects in the Burmese cat - a
case study of responsible breeding

Classification

A wide variety of genetic anomalies have been found in cats. In an attempt
to classify these the following system has been developed which encom-
passes three major divisions and eight subdivisions:

¢ Lethal
Classical lethal — lethal in utero, no kittens survive.
Tetralogical lethal — lethal at birth (stillborn) or shortly following
birth

Deferred lethal — lethal in full manifestation, e.g. autosomal
dominant polycystic kidney disease (PKD).

¢ Impairing
Non-cosmetic, non-lethal but currently difficult or impossible to
control with medical or surgical therapy.
Non-cosmetic, non-lethal, but currently requiring surgical therapy
for the cat to survive or to live a relatively painless life.
Non-cosmetic, non-lethal, but currently requiring prolonged or life-
time medical management.

¢ Cosmetic
Cosmetic, but having medical or physical repercussions.
Cosmetic, but not requiring surgical or medical intervention to
permit the cat to live a healthy life indoors.

These classifications are based on veterinary medicine as it is practiced
today. Thus, an anomaly which is now considered as deferred lethal may,
over time, more properly be reclassified as impairing (non-cosmetic, non-
lethal, but currently requiring surgical therapy for the cat to survive or to
live a relatively painless life). In addition, some anomalies can be dlassified
under more than one of these divisions or subdivisions, depending on how
they are expressed. For example, while polycystic kidney disease in its full
expression is fatal, experimental kidney transplant surgery appears to have
been effective in preventing complete kidney failure in some cases. Thus
polycystic kidney disease may currently be classified as deferred lethal,

P . = — —
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with the possibility of it also being impairing (requiring surgical therapy for
the cat to survive) in a few cases.

[Hypertrophic cardiomyopathy], unlike defects such as a kinked tail,

j i ] ife. / . that causes*
ects a cat’s quality of life and quantity of life. Any disease /
;Z'n and suffeging (and heartbreak to owners) and yet can be silent, must
It with proactively, ethically, and openly. _
be dealt vt Jgdy A. Cli}im'tz, Marcia J. Munro (Maine Coon breeders)
and Mark D. Kittleson, DVM, PhD (Veterinary researcher) (1996)

Specific anomalies

omalies covered here appear to have genetic components and are
gﬁeﬁﬂly present in the population of pedigreed cats. For each, tlllle b;oad
classification into which most of the cases currently appear to fall has been
noted in the heading in the square brackets. Until molecular genetic
research (see Chapter 3) can be used to state, with certainty, that a plartlc;
ular anomaly is, or is not, genetically-based, anoma.hes whu}:lh a mosh
certainly have genetic components, as well as some which may have Sa(i:]l
components are covered. As research proceeds, the uncertainty

decrease.

Achondroplastic dwarfism [cosmetic]

-legged condition was regarded by Schwangart and Grau in 1931
aAsi)lt:ci’lrltgkzﬁﬁerited. No details were given at that time for the mode 05
inheritance. Following this report, various shon-legged cats were found
over time in various parts of thelworlld. Thgse tcats lived in the wild an

nctioned as well as long-legged cats.
ap}()I:rt?gli)t,hfzchondroplastic dwarfism are now being bred under the name
‘Munchkin’. While this breed is still relatively new, the anomaly appear;
to be cosmetic only. Dr David Biller, in his study of these cats, conclude
that this form of chondrodysplasia affects the long bones with less appar&
ent changes in the forelimbs. The skull, spinc and pelvis were not affecte
i he studied. o
m’;lvlfocggsngenital bope problems were found to occur in this breed but
they are also in the general cat population. The two prol?lems are lorgo-
sis which is a downward dip in the spine starting just behind the shoulder
blades and pectus which is an inward displacement of the caudal sternum

tilages. )

an%::: Sgt:rllg E::Iausilglg dwarfism appears to be an autosomal dominant gene(i
Due to the decrease in the size of litters when short-legged cats are blileal
to short-legged cats, the gene also appears to be a heterozygous let

gene.

Amyloidosis [lethal}

idosis i i i i i is deposited in
Amyloidosis is a disease in which an amlypld substance is d :
mggf organs of the body, including the kidneys, where it is especially
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detrimental. The symptoms are listlessness, bedraggled coat, loss of weight
and appetite, accompanied by excessive thirst and urination.

The overall incidence of the ailment is rare, but was relatively high with
respect to the kidneys in a strain of Abyssinians. A 1980s paper reported
evidence of a familial propensity in the breed, but was not able to deter-
mine the mode of inheritance.

Studies in the 1990s suggest that there was another feline amlyoid, this
one in Siamese and related breeds (e.g. Oriental Shorthair), impacting the
liver. Again, only a familial propensity was found.

It appears that the transmission of amyloidosis may be genetic, but no
precise mode (or modes) of inheritance has yet been determined. In
addition, it has been suggested that different breeds may have different
genes for the precursor proteins (O’Brien, 1998).

Bent and short tails [cosmetic]

Many cases of nodulated, kinked, bent or loss of the terminal portion of
the tail are known to occur. In the majority, the defect is traceable to
injury, possibly at parturition or at a later stage. Occasionally, however,
the defect may occur in individuals of one particular strain or in blood
lines. When this occurs, the likelihood of a genetic influence should be
considered.

A form of partial tail loss is not uncommon in certain strains of Siamese.
It has been thought for some time that the condition could be inherited
although exactly how is unknown. However, one geneticist claims to have
found that a shortened tail, observed in a strain of Siamese, is inherited
as a simple recessive. There was variation in length for the affected
animals but the tail was regularly shorter than normal. The gene is symbol-
ized by br from brachyury (‘short tail’). In other strains, there may be little
or no shortening of the tail. Instead, there are kinks or swellings such as
would arise from a fusion of adjacent vertebrae. It is debatable whether
these are an aspect of the same genetic situation which underlies the tail
shortening or due to something entirely different. In the absence of criti-
cal experiments designed to probe this question, it is almost impossible to
offer a worthwhile answer. The simpler explanation is that these are
variable manifestations of the same genetic entity, the difference in
expression being caused by the background of the individual strain.

In most, and very probably in all, strains of Siamese bred to conform
to the standard for the breed in the cat fancy, there has been selection
against deformed tails. The effect of this selection has been to reduce
the frequency of occurrence and to alleviate the severity. Shortening of
the tail is now rare but there are instances where the tail may be slightly
kinked. When the manifestation of the deformity is slight it is conceiv-
able that some impenetrance may occur. This could imply that the
descent of the deformity could be irregular and make accurate deter-
mination of the defect difficult, if not impossible. It also may hamper
elimination of the defect by means of simple culling of all affected
animals.

The Japanese Bobtail is a breed where the tail-shortening gene distin-
guishes the breed and is one of its major characteristics. The short tail may
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be viewed as a deformity, but it is only a cosmetic one, as the general
health is not affected. Because this mutation can cause tail abno'rmaht!es
in heterozygotes, it should be considered a dominant mutatlon.lwl:th
incomplete penetrance. However, as the complete folding of the tail that
is characteristic of this breed requires homozygosity for the mutation, it 1s
commonly considered a recessive character by.breedeljs. |

Regardless of its nature, in Japanese Bobtail breeding programs, only
Japanese Bobtail cats are used with no outcrossing to o?her l?reeds perniut-
ted, so breeding experience with the Japanese Bobtails will not reso \(fie
this question. When the Japanese Bobtail breeding program is followe.l,
different examples of the twisted tail appear in kittens with some tails
being longer than others and some more twisted than others.

Cataract [impairing]

i i i i Himalayan
An inherited cataract, or opacity of the lens of the eye, in the 1
(Colorpoint Persian) breed has been observed. The cataract occurred in
both eyes and was extensive as early as 12 weeks o_f age. T_he breeding
data was scanty but suggestive of recessive monogenic heredity.

Cardiac stenosis [lethal]

Cardiac stenosis is the constriction of any of the orifices leading to or from
the heart or between chambers of the heart. There is generally an achala-
sia of the cardia involved with this condition. This means that the lower
segment of the esophagus fails to relax which causcs a d1ff1culty in passage
of food to the stomach. Affected kittens have difficulty in retaining food
after weaning. There is intermittent vomiting and unproductive retching.
Before development of the cardiac stenosis, the esophagus is usually
dilated. The growth of the kitten is severally rfetarded and there is some
ciation. Death may occur from a variety of causes. )

em: recessive mode 0¥ inheritance is suggested by the b'ree.dmg data but
it is insufficient for this to be definitely established at this time.

Chediak-Higashi syndrome [impairing]

The most obvious featurc of Chediak-Higashi syndrome is a lightening
of the coat to produce a bluish color. The iris tends to be yellow-green
while the ‘eye-shine’ is reddish instead of bright yellowish green. This is
due to a marked reduction or absence of pigmentation of the tapetum.
The tapetum is a layer of fibers leading from the corpus callpsum which
form a roof and the lateral walls of the inferior and posterior horns of
the lateral ventricles of the brain. These fibers pass to the temporal and
occipital lobes of the brain. Because of this lack of pigmentation, photo-
phobia, or an unusual sensitivity to light, is common in some individuals.
The bleeding time of the cat is prolonged, even foll'owu_lg minor surgery,
and small hematomas may form in tissues. .There is misrouting of optic
ganglian in a similar manner to that descnbc;d for Siamese and all?mo
animals. The syndrome is inherited in a recessive manner and symbolized

by ch.
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Corneal mummification [impairing]

A specific corneal mummification which recurred in adult Colorpoint cats
could be inherited. The affected eye showed signs of a dark area in the
cornea which was accompanied by chronic inflammation and ulceration.
No breeding data was available but a study of the pedigrees showed exten-
sive inbreeding with common ancestors in both the maternal and paternal
lines. These observations would certainly be indicative of a genetic predis-
position but without necessarily revealing the mode of inheritance. Vawer
(1981) proposed that the condition is caused by a recessive gene.

Corneal edema [impairing]

An apparently inherited corneal edema has been reported. Fluid accumu-
lates in the layers of the cornea to produce a haziness or cloudiness in the
eyes of kittens at about four months of age. The condition is progressive
and leads to breakdown of corneal tissue, followed by bacterial infection.
The condition is familial, possibly monogenic, but the exact mode of
heredity could not be determined.

Cryptorchidism [cosmetic]

A few people have surmised that the failure of either both testes to
descend properly (bilateral cryptorchidism) or merely one (unilateral
cryptorchidism) could be genetically determined. Unfortunately, there is
no evidence of this. Bilateral cryptorchidism usually results in infertitlity.
Unilateral cryptorchids are usually fertile but there should be great hesita-
tion in placing these at stud until the genetic mode of transmission of this
anomaly has been determined.

The likelihood that cryptorchidism could have a genetic basis becomes
a fascinating question as the defect is the outcome or failure of the testes
to pass through the inguinal canal into the scrotum. From a genetics point
of view, the problem may actually be a malformation of the inguinal canal
making it too small to allow the passage of the testes. There may even be
a maladjustment of development, so that the testes are not ready to
descend at the appropriate time. These are the factors which would be
genetically determined, rather than the phenomenon of cryptorchidism
itself. The fact that the cryptorchidism can be unilateral could be an
indication that the real problem is with the inguinal canal.

Breeders consider cryptorchidism to be undesirable as the cat is not
perfect and can not be exhibited in many cat associations. Geneticists find
this anomaly interesting because it is an example of sex-limited inheri-
tance. Only the male can have undescended testes. Whether, or not, the
female may show a comparable primary defect to that presumed to occur
in the male is unknown. Externally, the female is normal although she may
carry the propensity for eryptorchidism and be fully capable of transmit-
ting the condition to her sons. In this respect, the carrier female is as big
a problem as the unilateral cryptorchid. In a breeding program where
cryptorchidism is found, selective culling is necessary. The breeder should
also be just as careful of the apparently normal siblings of affected individ-
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of the cat who manifests cryptorchidism. O'the_:r factors

Egils'lgaiqtﬂzl): :th: sensible course wguldf}ae ttodelir?inate these siblings from
i ram as well as the affected cat.

th%gze:tdl:gi gﬁl%d that during a 10 year period, 1.7 per cent of 1345 cats
admitted for neutering were cryptorchid. Two of these cats (0:1 per qent)
were monorchid. This study also found more cryptorchidism in Per§éa1}s.
Of the 17 Persians in the study, five (29 per cent) were cryptorchxh. 62
contrast, only 1.4 per cent of non-Persian cats were cryptorchid. Of t eh
Siamese in the study, only one was crypt(_)rchld; and of the 58 cats of ot ki:r
breeds in the study, none was cryptorchid. They only found one cath “21 o
had another congenital defect in this group of cryptorchids; the cat had a
kinked tail.

i ] descended

lished recommendations are that the testicles should be de
zlr)zbtltl: ;Zeescrotum by 16 weeks of age at the very latest. Some authorities
will declare cryptorchidism by eight weeks of age. Usually, they are
palpable by four to six weeks of age (although very small); they are

in the scrotum at birth.
actually supposed to be in the P

Curled ears [cosmetic]

merican Curl Cat is the remarkable backward curve of
tl?lefeeaatlEl lsin(;fatél.e”[“ﬁis genetic anomaly is an excellent example of a purely
cosmetic anomaly as it does not have any effect on the health of tl;e catf
The condition is caused by a dominant gene Cu. A large numl erho
heterozygotes have been bred which have shqwn no signs of other
anomaly. Only the homozygote CuCu may possibly turn out to ppssltlass
undesirable defects but, since this breed has been in existence, this has

never been found to be true.

Cutaneous asthenia [impairing]

in i ssively loose in cutaneous asthenia. This enables folds of
’srkhifl il(;lrllnelshee)igeawayyfrom the body. The skin is also very fragile which
results in lacerations and-wounds from minor accidents and play. Even
simple scratching of its skin by the cat can produce multiple laceratllorrhs.
The condition is caused by defects in the collagen packing of both fib _ls
and fibers in the reticular layer of the de_rrms which det'crrpmes the tensile
strength of the skin. Breeding experiments have m.dlcated that tll;e
anomaly is inherited as a dominant gene. The causative gene may be

symbolized by Cut.

Deafness [cosmetic]

i own that white cats may be deaf but the association is not
ﬁ)rlrslpvlg{cl. 1fAI:mong a group of 240 white cats in which blue eye color and
deafness was recorded, 39 per cent had blue eyes and were deaf, 29 peé
cent were blue eyed with normal hearing, seven per cent were gold eye
and deaf, while 25 were gold eyed with normal hearing. The association
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is clearly evident. ‘Odd eyed’ cats, those with one blue eye and a gold or
green one, are a different story. An independent study found that those
odd eyed cats which were deaf, were deaf on their ‘blue-eyed side’. This
deafness in odd eyed cats is, however, rare.

The genetic explanation for the association is that the W gene has
several effects, of which only the white coat is constant. The gene also
produces blue iris color and deafness in 60 to 70 per cent and in 40 to 50
per cent of cats, respectively. The eyes of white cats with orange or yellow
irises are normally pigmented but those with blue irises had deficiencies.
The tapetum may be absent in these cats on a regular basis (see Chediak-
Higashi syndrome).

Numerous studies have been carried out on the cause of the deafness.
These have revealed that the onset of deafness is gradual and is due to
degeneration of the canal of Corti. This canal is an elongated spiral struc-
ture which runs the entire length of the cochlear duct and rests on the
basilar membrane. It is the end organ of hearing which contain hair cells,
supporting cells and neuroepithelial receptors which are stimulated by
sound waves. However, there is wide variation of time of onset and the
extent to which the hearing structures are affected.

Diabetes mellitus [impairing]

Diabetes mellitus is a disorder of carbohydrate metabolism. It appears to
result from inadequate production of insulin but why this happens is still
unknown. A cat exhibiting symptoms such as increased thirst, increased
urine production and increased food intake should be checked for an
increase in blood sugar and sugar in the urine. In an Australian study of
over 4000 cats, researchers found that Burmese cats were significantly
over represented among cats with diabetes mellitus, Irrespective of breed,
however, the risk of diabetes in the study population increased with age.

Epibular dermoids [impairing]

Fifteen cases of a similar epibular dermoid or skin-like growth have been
described in an inbred group of Birman kittens. The dermoids were hairy,
pigmented and attached to the conjunctiva at the corner of the eye. In
each case, the dermoid was unilateral and developed in the lateral corner
of either the left or right eye. The dermoid hairs tended to be an irritant
and gave rise to an early inflammation of the cornea (keratitis).

Removal of the dermoid gave complete relief. From the similarity
between cases and because the affected cats were related, some closely, a
genetic predisposition may be assumed. The mode of inheritance could
not be determined but it was speculated that the condition could be due
to threshold heredity.

Episodic weakness [impairing]

Episodic weakness is an abnormal behavior pattern which manifests itself
between the ages of four and 10 months of age, with the average age
being 7.4 months. Both sexes may be affected. The cat may appear
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normal until the attack is precipitated by various factors, such as excite-
ment or mildly stressful situations. The head is held characteristically
close to the chest when walking or at rest. When walking, the head
position nods up and down, the fore legs are stiff, straight and high
stepping, and the hind legs flex normally but are held more widespread.
Afflicted cats can only walk for short distances and, if forced to jump,
cannot land properly. Dilation of the pupils and extension of the claws
were also noted during episodes. The condition was observed in the
Burmese breed and was shown to be inherited recessively. The gene may
be provisionally symbolized by em until a precise cause of the condition
has been ascertained.

Flat-chested kitten syndrome [lethal}

In this syndrome, the chest of afflicted young kittens appears compressed,
or ‘flat chested’ instead of being nicely rounded. Depending on the degree
of compression, the kitien may show signs of breathing difficulties, distress
and poor growth. Autopsy findings have revealed more or less severe
dislocation of internal organs which can cause early death. On the other
hand, kittens which are mildly affected can recover and appear to have
normal chests. In the Burmese breed, there is good evidence that the
condition is inherited in a recessive manner and the gene may be provi-
sionally symbolized by fck.

Folded ears [cosmetic]

The ears of the normal cat are carried in a ‘pricked’ position. The ears of
the folded-eared cat, however, are bent forward in a characteristic
manner. At birth, and until about four weeks of age, the ears appear to
be normal. From approximately four weeks of age, the tip of the ear tends
to turn inwards and the fold is fully formed by approximately three
months. When fully developed, the apexes of both ears are folded forward.
The condition is inberited as an incomplete dominant (symbol Fd). The
folded ear is a characteristic of the heterozygote Fdfd. While the major-
ity of these animals are healthy, a few suffer from the same anomaly which
besets the homozygote. The homozygote FdFd has the folded ear, but it
also may be afflicted with a crippling epiphyseal dysplasia which results in
a short, thickened tail, swollen feet and a marked decrease in activity. This
condition was once prevalent in Scottish Fold cats but now appears to
have been significantly reduced in incidence by selective breeding.

Four-ears [impairing]

A curious head anomaly produces a small extra pair of ‘ears’ in affected
animals, hence it is known as ‘four-ears’. The eyes are reduced in size and
the jaw is slightly undershot. The head appears to be a peculiar shape.
While growth and size do not appear to be abnormal, the affected cat
seems to be relatively inactive and lethargic. This could imply that the
functioning of the brain is affected. The condition is inherited as a reces-
sive and the responsible gene is symbolized by dp.
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Gangliosidosis GM1 [lethal]

Gangl!ogldOS{s GML is a degenerative disease of the brain and spinal cord
The clinical signs are a fine tremor of the head and hind limbs which begin.
at about two to three months of age. This tremor increases in severity until
the cat cannot stand up. This usually happens at about seven to eight
months of age. By one year of age the affected cats have seizures and ma

suffer some loss of vision. The disease is due to an enzyme deficiency).,

Although this problem behaves as a recessive, th ici
be detected in heterozygotes. »the enzyme deficiency can

Gangliosidosis GM2 [lethal]

Ganghomd(_)sis GM2 is another degenerative disease affecting the nervous
system. A f_me tremor of the head may be noticed at about six to 10 weeks
of age. This progresses to muscular incoordination (ataxia) and fallin
fI’he. head has an unusual rounded appearance while the cornea of the e}%
is slightly opaque. The disease is inherited recessively and is produced by
an enzyme deficiency which may be detected in heterozygotes when the
%%i(;taé;ies Ifﬂor ttzzfn'ers to be identified. It is detected most frequently in
s. For this reason Ko i i
10 develop 3 genc thermmn rat cats are being used as an animal model
Both gangliosidosis GM1 and GM2 are lysomal storage diseases which
rgsult from a mutation in the genetic code for one of 40 enzymes. These
diseases are inherited as autosomal recessive traits. .

If breeders understand that they would be able o select for non-carrier
cats 10 perpetuate thg breed, and perhaps sell the others for pets after
neutering, the pain might not be severe enough to continue tolerating the
presence of the mutation in their stock and the breed.

Professor Henry J. Baker, Auburn University

Globoid leukodystrophy [lethal]

Kittens with globoid leukodystroph
1§ Wi phy show a tremor, weakness and lack of
coor(.ilpatlon of the back legs at about five to six weeks of age. Later, the
condition t_)ecomes worse, the clumsy behavior spreading to the front iegs.
‘lzsgeﬂeratl\tre (l:)ha;lges hml tlge brain produce these symptoms. The malady
/as shown to be familial, but the data were too me
hint at recessive heredity. ager to do more than

Hemophilia A [impairing]

H_emophilia is the most well known of the ‘bleeding diseases’
disease manifests itself with protracted bleeding follo%ving :lnsjii'y 11}113
surgery. Herpatomas are common at the joints or under the skin. The
gene (Hma)_ls carried on the X chromosome and healthy queens £rans-
mit it to 'tl'lelr sons, regardless of the male to which they may be mated
Hemqphll}ac males have heightened mortality but they can survive if the
bleqdlng is of a mild character and if they are kept in a sheltered
environment.
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Hemophilia B [impairing] L
ili is a bleeding disease very similar to that described in
Eemhﬁiai '_1[§he gene (}}gmb) is borne on the'X_c.hromosome(:i z;)nci is
transmitted to sons by carrier queens. The bleet‘h_ng is prolonged but is
somewhat milder than usually found for hemophilia A. I
Both hemophilia A and B are X-linked recessive traits and are us:lla.ty
found in the progeny of asymptomatic carriers. One study nofje 1t S
presence in British Shorthair cats. However, this was probably due to
inbreeding rather than being a breed specific anomaly.

Hageman factor deficiency {impairing]

ici i i d clotting can result in
A deficiency of one of the factors involved in blooc (
a bﬁeeding ydisease called Hageman factor deficiency. It is, however,
unusual for the malady to result in prolonged bleeding. The deficiency is
inherited as an incompletely dominant trait, with the symbol Hag for the

mutant gene.

Hairlessness [cosmetic]

‘hai cat’ is not truly hairless. Various parts of the body may be
’IIl‘ll.llge l:waillﬁzs:he remainder (g.g. muzzle, feet) is coyered by flnq down or
fuzzy hair. Quite often the condition progresses with age, the fine c0\11etr-
ing of the young adult giving way to bare wrmklfed skin and lTon(;%)te_: e
hairlessness over much of the body. This progressive loss_ usua yb sdm-
guishes the true hairless animal from a temporary loss wh'lch may ed ue
10 a variety of factors. No improvement of f@edmg or nursing can produce
a normal coat on the truly hairless cat. Hairless individuals may turn up

in any litter but it is rare. _ '

Spg{%trzlzeg;l ig;, hairlZss conditions have been investigated, those occurn:;g
in France, Canada and England. In each case, it was evident t_hat this
abnormal deficiency of hair, or hypotrichosis, was due to a .reces51y61: gene
(symbolized by h, hr and hd, respectively). Tl}e Canadian hairless is
currently being bred under the name of ‘Sphynx’. It is difficult to ascer-
tain if the same or different mutant alleles are producing the van_oui
hairless conditions, mainly because the alleles are being expressed agan;ls
different genetic backgrounds. However, Hendy-Ibbs believes tha\ﬁ i[ e
various hairless conditions can be explained in terms of two 'dls.tmct a ﬁ es,
on the basis of absence or presence of short apd gurled vibrissae. Td ere
are breeding data fo suggest that the sr gene is either closely linked to,

i e of, the Devon Rex gene re. o
orggli;n:lfiitens are only released to homes where there is a guarantee })ly
the new owners that they will not be permitted out of doors. This is the
general way responsible breeders assure that the kittens they sell as pets afe
safe from the outdoor hazards which are generally unkpown_ to pemgee Cﬁ s.

It is a disputable point whether hairless cats found in a httqr that:is other
than a litter of Sphynx cats, should be kept. The lack of hair coul 1111'1ea11:
that they will suffer from debilitating heat loss during cold weather. I
would seem humane to have them destroyed at an early age. However,
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this seems unnecessarily heartless, they should certainly be kept in a warm

environment and be provided with a knitted woollen ‘over-coat’ in very
cold spells.

Veterinarians need to be aware of the fact that the Sphynx build up a lot
of wax in their ears, due to the lack of fur in the ears. This is always
mistaken for ear mites, but it is not in most cases, The internal body
lemperature of the Sphynx is the same as other cats, but they feel warm
to the touch due to the lack of an insulating coat. Also, 100 many veteri-
narians tell their clients to get a Sphynx if they are allergic to cats. This
is not the case.

Lisa Bressler, Sphynx breeder

Rex cats have a tendency to lose their fur, sometimes in the form of a
premature molt or sometimes more permanently in old individuals. This
may be represented as a hairless condition, although it is not a true
independent loss of hair. The condition is part of the rex syndrome, for
the rex coat itself is anomalous. The guard hairs are abortive and the down
hairs are thin. In some animals, the anomaly is possibly intensified to cause
a deficiency of the down hairs or to produce a baldness where the thin
hairs either break off or are pulled from a weakly gripping hair follicle by
the habitual incessant grooming of the cat. The Devon Rex is the more
prone of the two English rexes to baldness. Its hair fibers are particularly
fragile. The loss of hair in the rex is termed baldness to distinguish it from
the hairless condition due to the 4 gene.

Hare-lip and cleft-palate [lethal to impairing])

The two often associated anomalies of hare-lip and cleft palate, are
thought to be inherited. The basis for this statement stems from the case
of a female cat with a slight hare-lip which produced kittens with a similar
defect. One kitten was undersized and possessed a cleft-palate. The
animal’s ability to suckle was impaired and it eventually died. This infor-
mation is interesting but scarcely sufficient in itself to more than hint at
a genetic basis. As an isolated observation, little more can be expected
but if a number of such familial associations are reported, perhaps a more
positive conclusion can be reached.

Hip Dysplasia [impairing]

Hip dysplasia is an abnormal development of tissue in the hip, generally
a replacement of bone tissue with fibrous tissue. This can lead to debili-
tating arthritis in affected cats. Hip dysplasia can be completely eradicated
if breeders would have their cat’s hips X-rayed and certified by the Ortho-
pedic Foundation for Animals (OFA) and by a private veterinarian using
the OFA guidelines. Only cats who are considered ‘clean’ for hip dyspla-
sia by the OFA guidelines should be used in a breeding program. While
no breed is immune to hip dysplasia, there are indications that it is more
common in larger breeds, such as the Maine Coon and Persian. Cats with
hip dysplasia can have this defect corrected surgically.
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Hydrocephalus [lethal]

i i iti i ith a swelled edematous
Hydrocephalus is a morbid condition assoc1ate_d wit 1
heild reg?on, often with other defects. Such animals occur at odd.u.ltervals,
usually as a result of development mishaps. However, such conditions can
be inherited and a case has been reported for the cat. The breeding
evidence indicates that a single recessive gene is involved. The mutant

has been symbolized by hy. _ ) )

ge%‘ie anormaf,i;; is readily identifiable at birth. The affected klt'genbls
always very large and bloated in appearance around the head and ]11;1 s£
It may also have various degrees of hare-lip, cleft-palat.e'or talipes (100
deformities). However, it is uncertain if these abnormalities are strictly a
part of the hydrocephalus condition.

Hyperoxaluria [lethal]

i oxaluria succumb to acute renal failure at between five
S:(;Sn?xitehnlgggs of age. They become anorexic, dehy(.irated and exceedl;
ingly weak, death occurring within a few days. Palpation of the s_ttci)ma:z) ;
reveals painful kidneys. Kidney failure is caused by the dlts)po_mhoqt H
oxalate crystals in the tubules. The condition was shown to be inherite
in a recessive manner. The gene is symbolized by ho.

Hyperchylomicronemia [lethal]

th is more or less normal, kittens with hyperchyloml-
322311111%: s%lroovtv a persistent lipemia (an excess of fatty substanl:ies in the
blood). At approximately eight to nine months of age, affected tttenst arg
unable to move their eyelids and chew food properly. They cannot exten
the toes and the patella, or knee reflex, is lost. Cl1q1ca11y, the occurrenlc:
of multiple hematomas appears to compress the penpheral ne(li'v_es, resgxox-
ing in loss of sensation. The malady is inherited recessively and is sym

ized by hce.

Hypertrophic cardiomyopathy [lethal]

ic cardiomyopathy is characterized by a marked pa;_nllary
Esligg:rl(l)}?ph;trophy, pr)i)gl;)ressive left atrial enlargement when the dlseasle
is severe and systolic anterior motion of .the .mm'al valve. This anomaly
appears to be an autosomal dominant trait with 100 per cent penetrance
in which the stillborn kittens represent lethal homozygotes.

Hypothyroidism [impairing]

i i idism in related Abyssinian
A 1991 study diagnosed congenital hypothyroidism in relaf \
cats. The ar‘z’icle zgill-'lgued that the disease appeared to be inherited as ax;
autosomal recessive trait with affected homozygotes showing signs o
reduced growth rate, shorter stature with kitten-like features, constipation
and goiter. However, it did not indicate that this is breed specific.
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‘Kangaroo’ cat [cosmetic to impairing, depending upon defects]

A number of extraordinary animals were described by Dr H. Williams-
Jones in the 1940s. These cats possessed unusually short front legs but
otherwise appeared to be normal. The gait of these creatures tended to
resemble that of a ferret in their smooth but hunched-up movements.
When induced to sit back, the posture was that, if anything, of a minia-
ture kangaroo. The peculiarity is said to be inherited because the affected
animals were observed in at least four litters, Unfortunately, precise
details which might have established the mode of inheritance are lacking.
This curiosity has occurred at least twice in widely separated localities. It
may have turned up once again in the late 1990s. Unfortunately, in this
instance, these cats were being affirmatively bred and were called the

‘twisty cats’, due to twisted limbs and paws caused by this anomaly in
conjunction with polydacylism.

Mannosidosis [lethal]

The majority of kittens with mannosidosis are either stillborn or die at
birth. For those which survive, the initial signs develop during the first few
days or weeks as a general apathy with diarrhea, followed by tremor and
ataxic behavior. The individual appears unable to stand properly. The
voice becomes weaker and the stomach appears swollen because of an
enlarged liver. The anomaly is induced by an enzyme deficiency which
adversely affects the central nervous system. The anomaly manifests
through recessive inheritance (symbol man).

Manx taillessness [classical lethal]

It has been known for some time that Manx taillessness is inherited as a
dominant trait, with the symbol M. This has been confirmed and, what is
more important, the accumulation of breeding data has shown that
individuals homozygous for the Manx gene die before birth. The evidence
for this is: an apparent absence of pure-breeding strains of Manx and a
decrease of the average number of young per litter for matings of Manx
to Manx. The reduction is from an average of about four to three living
offspring per litter,

Thus, the Manx gene for taillessness seems to be lethal when homozy-
gous. One aspect of this is a preponderance of females among the viable
Manx offspring, as if the males are less likely to survive. Also, exami-
nation of Manx stillborn kittens, and those which died before the age of
12 months, revealed a greater number of both skeletal and organ
anomalies than was shown by those Manx cats which lived beyond the
12 months.

The absence of a tail is readily apparent although careful examination
has shown that the loss can be relative. In all, four types of Manx tailless-
ness have been distinguished. The true Manx is known as a ‘rumpy’. In
rumpies, no tail vertebrae can be observed. Indeed, there is often a small
dimple where the vertebrae would normally issue. A second type is ‘Tumpy-
riser’, in which an extremely small number of tail vertebrae can either be
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seen or felt as an upright projection, usually immovable. The third type is
‘stumpy’. Here, the tail is longer and usually moveable although often
deformed, nobbly and kinked. The fourth type is the ‘longie’ and possibly
is the rarer of the four. The tail is longer than many of the above, though
shorter than normal, and is of a more normal appearance. One series of
experiments are suggestive that the various expressions of the Manx
taillessness are controlled in part by modifying polygenes.

The influence of the Manx genes may be observed for the whole length
of the vertebral column. In the fore-part of the column, this seems to be
little more than a slight decrease in the length of the individual vertebrae
but, in the hind-part, there is also a decrease in number and, particularly,
a fusion of vertebrae. The sacral and pelvic bones are also drawn into the
general fusion and maldevelopment. In a number of cases, variable
degrees of spina bifida has been found upon autopsy. Spina bifida is a
congenital defect where the walls of the spinal canal are affected by a lack
of union between the laminae of the vertebrae. Spina bifida is character-
ized by the membranes of the cord being pushed through the opening
forming a tumor known as spina bifida. Occasional a recurrent bowel
stoppage may occur because of a narrowing of the anal opening. This may
be observed when the kitten is weaned. The spinal cord frequently termi-
nates prematurely. This could lead to a failure of innervation of certain
organs and their proper functioning, such as the loss of control of the hind
legs.
1t is well known that the homozygous Manx is a prenatal lethal condi-
tion, but it is only comparatively recently that the moribund fetuses have
been identified. These have been detected at as early as five weeks gesta-
tion as abnormally small and globoid fetuses with gross malformation of
the central nervous system. The responsible Manx breeder must be
prepared at all times to have young kittens euthanazed if they begin to
manifest problems which affect the quality of life.

Meningoencephalocele [lethal]

Meningoencephalocele is a congenital defect of the cranium which allows
fatal herniation of meninges and brain tissues in the newborn Kitten.
Externally, the anomaly manifests as soft swellings on the forehead and
face of the newborn. A study of the incidence in a strain of Burmese
revealed that the condition is inherited as a recessive trait, with the mutant
gene being symbolized by me. It was thought that the selection for a short
nose and rounded skull for the American Burmese may have been
conducive for the presence of the gene in the breed but this does not seem
to be so. Defective kittens have been bred from Burmese cats with

relatively long skulls.

Mucopolysaccharidosis 1 [lethal]

The profile of cats with mucopolysaccharidosis 1 is subtly altered; the nose
is short and broad, with a depressed nasal bridge, prominent forehead,
small ears and opacity of the cornea. The afflicted cat sits in a crouching
position, with spread forelegs. The cervical vertebrae are wider than
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normal, asymmetrical and frequently fused, while the sternum i

ally concave. The stomach may be swollen because of enlar;:cli ll?vzlrnzlsr?d
spleen. T!1e neurons of the brain and spinal cord are grossly abnormal
Phenotypically, th'e anomaly behaves as a recessive trait (symbol mps-l).
!)ut the malady arises from an enzyme deficiency which can be detected
in heterozygotes as well as homozygotes.

Mucopolysaccharidosis 6 [impairing]

Cats with mucopolysaccharidosis 6 tend to resemble i

mgcopqusaccharidosig 1. The nose is short and br?ac:iseaggsiﬁge:afszi
bridge is depressed, giving the face a flattened appearance. The eyelids
appear to be narrow, with the upper lid swollen and drooping. The
cornea of the eye is slightly opaque. The vertebral column is defo£med
espemally. t'he ce_:rvncal, thoracic and lumbar regions. Clinicall thé
anomaly is inherited as a recessive trait (symbol mps-6). HOWEV(ZI: the
affliction .has been traced to an enzyme deficiency which ma)’r be
detected in both heterozygotes and homozygotes. Interestingly, two
dlffere_nt.mutant_ mps-6 alleles have been discovered. These pro&uced
very similar or identical diseases but were found to be biochemically

dlsunCt' Ihe pICgIESS Of the Inalad) can tE CDIIE:tEd b) I:Glle marroy

Neuroaxonal dystrophy [lethal]

Neuroaxonal dystro_phy is a behavioral disorder associated with a pale coat
color. The color is described as similar to ‘filac’ on a non-agouti
background.. Affected kittens display a progressive ataxia: by five weeks
of age, nodding of the head is apparent, by six weeks, the head is definitely
shaking and by eight weeks, the gait shows signs of incoordination. These
symptoms steadily worsen. There is probably an impairment of vision and
Z?::ieo gegfﬁ;iss. Bqdy size is reduced. The cause of the disease is a degen-
€ main ne i i
g oo urons of the brain stem and is caused by a reces-

Onion hair [impairing]

This anomaly is characterized by ‘onion-like’ i i

: y ‘onion-like’ swellings to the hairs. The
swellm_g usually occurs at the tip of the hair but may arise at sites along
the hair shaft. The swelling is just visible to the naked eye. The coat
appears lustreless and fee{s rough when stroked. The whiskers and guard
ha1r§ normally taper to a fine point. In one cat, however, the anomaly was
confined to the whiskers. The swelling is caused by an enlargement of the
Inner core of medulla cells. Examination of the skin revealed that the hair
fol(];clps a}x;ld appendages were apparently normal.

nion hair was observed in the Abyssinian breed. Although no b

) _ . reed-
Ilﬂ)gn;]ialta artedreported, cats with the abnormal coat were Ig)roduced by
I al-coated parents. The implication is that the
inherited as a monogenic recessive trait. nomaly could be
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Patella luxation |impairing] o
Patella luxation is displacement of the patella from its normal g'(ﬁ, 1110:111 ay
the trochlear groove, either by force or spontaneouslz. 'l;hfrzlgg(ljl lAl survey
i i lly shallow or incorrectly for .
recur if the groove is unusually oy o o notably
r the anomaly revealed that the' De:von ex
gfgzreii?:sidfgnce. The condition may rectify %tself with but timlz(();%r_z
discomfort to the individual. However, in a nun(')nty'of cases, the s
tion can lead to lameness. The breed incidence 1;[1pi111]§s qtgeggtlflil gr the
i indicati eritan
iti but without indicating the mode o _inherita ] .
glc'):::tilpoirtlating factors. It is possible that the condmg?f 1st _lnhflgt?gnl:o?
ing
ic manner, perhaps as a threshold character, affec )
pocl)zvg&n:ff?he troclﬁear groove. It appears that cats with patella lu_ﬁgﬁ?
ge also three times more likely to have hip dysplasia than those W1 -

. vy d
Cats with patella luxation may be able to have this condition correcte

with surgery.

Pelger-Huet anomaly [impairing] on
i i al segmenta
_Huet anomaly is a defect causing an abnorm ¢
gfhfhfilll%f::lrei c:lf granulocytes, one of the several forms(of leél(]){log’)”zt; Sthhl;:
. The trait is inherited in a dominant way (sym s
]f);? (e)lcsl ::::1111 )be ascertained, the defect does not have any adverse effects on

the health of the cat.

Polycystic kidney disease [lethal] .
i ic ki i tly enlarge:
i with polycystic kldney disease have grea

;(l)lctitgrr:lscnts)oar:d death ensues at about six to seven week(s1 off ":igifzit?cffg;:ig

i kidneys, composed o ted ¢
kittens were shown to have enlarged _ psed of d ney

i ic bi ystic
d cystic bile ducts of the liver. In cats with poly

glilsaelz:;zlsr,eizl fglnction deteriorates leading to renal disease by three 10 10
years of age. oy 0 cal
é /]

ing to our experts, by far the most of the cases are :
gcce(g:lilll';ginocats over eight to 10 months old. If the cat has ;1{7 llzlfn:t.};
cyI;ts by that time, the cat does not have PKDI.) Ij; a czt hafh’:ucletp o n{ost

i idneys (always bi-lateral, remem er), then al]
izr.lss:rztdhly];zlas Ig]KD( The gray area for diagnostic purposes corze]sc Zlncea;s
that are of middle to later years, that haye a few hcysts in Sg; " KED arld'

es of acquired multicystic dtsease' — these are .

fgf Z:efer:lzitizarsy. Infthese gray area cases, Dr Bl”}? Zays ththkrg;zler:i :;1:
ily history can be the only determinant on which is which. .
{Zzn;li}r,n}glse‘_)fzyct that the cat is a Persian will be enough for most vetert

narians to pronounce that the cat has PKana Sadler, Persian breeder

mal dominant gene. Whi_le
icates that it occurs signif-
hich have used

ic ki i i toso

Polycystic kidney disease is seen as an auto

) . d
otentially present in all breeds, experience in

fcantly mgrg frequently in Persian cats and those breeds w

i i i s.
Persian cats in their pedigrees, such as Exotic Shorthairs and Himalayan:
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Fortunately, cats can be scanned with the use of ultrasound equipment at
the age of nine to 10 months to determine whether or not the kidneys are
cystic. If the kidneys do prove to be cystic, the cat can be withheld from
the breeding program. If the cat is of particular importance to a breeding
program it can be rescanned later. In other cases, the cat who scanned
positive for polycystic kidney disease can be eliminated from the breed-
ing program right away.

You don’t have to euthanize a cat with PKD, unless it's seriously ill.
Healthy cats should be neutered and kept as pets. If every responsible
breeder would scan their cats, we could be rid of the problem within a
generation.

Monique Malm, Persian breeder

Polydactyly [impairing]

If the number of separate reports is anything to judge by, the presence
of extra toes on the foot, polydactyly, is something that attracts atten-
tion. This anomaly has been noted as early as 1868, if not earlier, and
on many occasions since that date. There is considerable variation from
animal to animal in the number of extra toes and how perfectly formed
they may be. This may range from an enlargement of the inside digit to
resemble a thumb to the formation of three apparently well formed
extra toes making a total of seven toes on one foot. This variation in
expression may occur between different feet on the same cat. In
fact, the hind feet are never, or rarely, affected unless the front are
abnormal.

Reviewing the various reports of polydactyly, it is remarkable how
many give either direct or indirect evidence of a dominant mode of hered-
ity. This aspect is remarkable as not all of the separate cases need be
caused the same mutant gene. It is possible that the same gene may have
arisen by mutation in different localities, and at different times, This could
account for the similar heredity. However, it would be wise to remember
that other cases of polydactyly might behave somewhat differently. At the
moment, only one polydactyly gene is recognized which is symbolized by
Pd.

Porphyria [impairing]

Porphyrins are precursor substances for the production of haem, a major
component of hemoglobin. These substances arise in the bone marrow
and, when they are produced in excessive amounts, are deposited in the
body tissues such as the skin, bones and teeth. They are also eliminated
in the urine. When this occurs, the teeth appear to be unusually discol-
ored and the urine turns bloody. These symptoms are usually expressed
from an early age. The diagnosis of the porphyric cat may be easily
accomplished by examination of the teeth or bones under ultraviolet
light. The impregnated teeth and bones exhibit a bright pinkish-red
fluorescence. The condition is inherited as a dominant trajt which is
symbolized by Po.
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ere
A second form of porphyria has been reported. 'g;ee ;yg;pt;l):tnisc ;ble
similar to those described above but were accqnlllp e b s
lethargy and anemia. The data were consistent let m0111 g e
sion of the malady but the precise mode of heredity ¢

mined.

Progressive retinal atrophy [impairing]
. be found in the literature on the occurre::g
of this degenerative disease of the retina. The agle Ofu(::lcs)fr:emi:y n:‘?gl oty
the degeneration may take various forms, but the outco oo taperct
loss of vision. The typical signs are a dilation of the ms,f rl(x)ll(l:1 bt and
reflectability, cautious behavior, espemqlly in leapllng o e et
clumsy behaviour such as blundering mnto obstacles
isi ould easily avoid. o ] ;
no”Ir‘I\le'?)l ggi;%t:dies were }ilndicative that the anom_a!y is 1nhet1r':§gl.n"i£i1:‘§ f[)o
West-Hyde and Buyukmihci showed that the condltlonbwasclill i
the offspring in a possible dominant manner but ttllle . lggtterg Jata were
too few to establish this with certainty. 'Som<.aw al sl
reported by Rubin and Lipton but here the mhent.emcekwagf oy .pupil
anomaly could be detected at between 12 to 15 weeks g
dilation and hesitant beha(;'ior. v occurred in th
hich coincidentally o ; : €€ "
beZlvlv 9m\(i::fisgz‘;‘t,ed in detail. The first was found in Swedish 1%2¥i3n;a% 2?1 ;
and was determined to be inherited in a recessive way (<Siy'mdividu§ls' !
stages of the defect could be diagnosed in many aff_ect;ad meneration 7y 28
to 24 months of age, but the advanced stages of retinal deg
d until three to four years. o ] )
no’tI‘lrlzasc::ongncase was found in English Abyssiman ctzllltz zﬁgezvzz liln;w;e
ited as a dominant trait (symbol Rdy). In these cactls the oo O ached
seen as early as four to five weeks and the advanced stag

by 12 weeks of age. The differing ages og Onﬁttﬁgdgégg:::(i)o;d(fpge-
disease, as well as modes of heredity, woul sgg, O s brecd of cats

dent mutant genes, despite their occurrence 1

A number of accounts may

e Abyssinian breed have

Pyloric stenosis [impairing] L
Pyloric stenosis or pylorospasm is a malfunction of the lﬁ;nie;isogouo v%ing
the stomach. The condition can be diagnosed by X-ray a t}i]mes viotent
barium feeding. The symptoms are persistent, and some s o °nt,
vomiting after weaning. The vomiting occurs usualllylaftc-:(r1 Oawtlll‘l ot ronth.
necessarily. The inability to retain food leads to a s (zl\lwe FA
The observations of Pearson and others unpl)_' that B e et of the
inherited, although it was not possible to decide on

inheritance.

Sparse-fur [impairing]

Sparse-fur is a marked alopecia which result
is rough to the hand. All guar

s in a thin straggly coat that
d hairs are short and deformed, with few

Genetic anomalies 203

down hairs. The whiskers are bent and curled. A reddish-brown exudate
leading to encrustation forms along the rim of the eyelids, about the
nostrils and mouth, frequently affecting the hairs of the chest and stomach.
The eyelids become thickened and inflamed, and the bulbus shows signs
of sepsis if left untreated. The condition is inherited as a recessive trait
(symbol sp).

Spasticity [impairing]

Spasticity is a name given to a muscular disorder which has been found
in the Devon Rex. The symptoms usually develop between four and seven
weeks of age but may be delayed until 12 to 14 weeks, The kitten is active
but displays an unusual posture, with the shoulder blades held high and
the neck arched downwards. At rest, the body lies flat with the head held
to one side. Eating is a problem for the kitten as the arched neck inter-
feres with the normal feeding action of extending the neck. When drink-
ing, the nose may be plunged below the surface of the liquid. These
symptoms are usually interspersed with short periods, measured in days,
of apparent normality. As the kitten matures, the condition becomes
worse. The cat remains active but rests more often, either by lying flat
with the head to one side or by leaning against an upright object. An
analysis of the frequency of normal and spastic kittens born to normal
parents indicated that the condition is inherited as a recessive trait,
symbolized as spt.

Spheroid lysosomal disease [lethal]

The initial symptoms of spheroid lysosomal disease arise at about eight to
12 weeks of age as a tremor. This progresses to nodding of the head and
swaying of the body. Movement is slow, with ataxia and much falling. The
cat’s sense of direction is impaired and seizures may occur when the cat
is handled. Appetite is not disturbed but feeding is a messy affair. The
cause was traced to anomalous inclusions in the tissues of the brain and
spinal cord. The anomaly occurred in the Abyssinian and is caused by a
recessive gene SI.

Sphingomyelinosis [lethal]

Kittens with sphingomyelinosis display a loss of interest in their surround-
ings and develop a tremor, followed by ataxic behavior. Appetite is
impaired or lost. This nervous disease is caused by an enzyme deficiency
which is inherited as a recessive trait (symbol spi) as regards clinical
manifestation. The heterozygotes can be detected by biochemical analy-
sis.

Split-foot [impairing]

The typical manifestation of split—foot is that of a central cleft of either
one or both front feet. Other disturbances may be present, however, such
as an absence of toes or fusion to produce double claws and abnormal
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- . nsiderable disorder of the bones, particularly the
Iflc::’:ag;lg;als S;)d carpals, is shown on X-rays. The defect doesh noht_ agpfz:;
to interfere with normal activi';iles, ex‘;:_e%t that of climbing. The hin

in those animals studied. _
welr"‘lal:lslpillfif:?;g(tl él(;ndition is inherited as a dominant trait and .the regpc;rll;
sible gene is symbolized by Sh. As the number of defective amgnthe
observed is less than expected, it is suggested that a propgrtr}c;llil ocould
genetically split-foot individuals may appear norn}al fofot;:1 5 es
easily occur as a result of the variability of expression of the gene.

Squint [cosmetic] t

iamese breed is sometimes regarded as possessing a convergen
;[;finflg?a breed characteristic (Pedersen, 1991). This squint flSSPOSSIel;ley
caused by a disrupted visual pathway in some strains o ;;m:ate-'
However, it does not seem to have bee_n proven correct as a gener. f e
ment. Whatever may have happene_d in the past, ther§ are many sI t1'211'15l
in existence at the present time which do not show 'Ehls afﬂ!ctégq.dualwcl) !
be appreciated, of course,ftl;gt a squint may occur in any indivi

i ition to that of Siamese. _ )
br?]ﬁ:nslit?gc’gf)n is complicated by the fact that a k1tt§n may dlspllady a
mild squint while young which is slowly _corrected as it becomes o ale1¥f-
This means that genetically ‘squinted’ animals may appear lfs nonaqtion
the early life of the cat is unknown. iny one report on ; c ];:oqtl o
in Siamese has made any attempt to interpret the mode of in elrl an t
However, the results of a number of crosses have not ylelc.led1 clear ;:tlll
results. The condition seems to be inherited but seeming y'bTS . e;
outcome of the interaction of two or more genes. It seems possli e ! a.
the squint is inherited as a polygenically c_ontrolled thresh_olc{lc bar:tc etll'l,
alternatively, of course, it could be determined monogenetically but wi

impenetrance.

Testicular feminization [impairing]

Although only one case of testicular feminization has been reported mﬂtllg
cat, the anomaly so resembles comparable inherited conditions in o ’
mammals that an account is warranted. The adult cat was an a'ppegen 3{
normal female but with no signs of estrus behavior. Upon examination, 1
was found that the sex chromosomes were male and that the se)z1 organs
had been incompletely developed as female. In general, the con 1t10}i1_ 11s;
due to a mutant gene {adopted symbol #fm) on the X chromosome W] ”[Elie
disrupts development of normal male secondary sex stru_c'ture;. he
feminized male is identified because of the accompanying stgn.hty.. em .
sterility may arise from numerous causes and testicular feminization mus

now be added to the list.

Tremor [impairing] -
i i i dy, tremble whicl

or is characterized by a continuous, whole. body, C
g;;l]:s at about two to four weeks of age. The kitten rolls and bobs in
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an undulating fashion while the tail weaves in circles. The trembling
only ceases when the animal is completely at rest or is held firmly. Even
when held by the nape of the neck, the tremble is still obvious. A single
recessive gene #r is postulated for the anomalous behavior. There is no
sign of underdeveloped cerebellum which typifies the virus-induced
ataxia.

Umbilical hernia [cosmetic to impairing]

Two research veterinarians, Henricson and Bornstein, have observed a
particularly high incidence of umbilical hernia among the Abyssinian
breed in Sweden. The precise mode of inheritance could not be deter-
mined but the influence of heredity is unmistakable in their data. For
example, the chances of the offspring being herniated is about 75 per
cent when one parent is known to have an hernia, against 3 per cent
for the offspring of parents which are known to be normal or are
unknown. These figures are cited merely as a guide and must not be
taken too literally.

The fact of the high incidence among the progeny, when one parent is
known to be herniated, prompted the suggestion that the predisposition
towards the occurrence of an hernia might be inherited as a dominant.
This may be the case, and the data is certainly suggestive in this respect,
but it may be wise to be cautious. When the breeding data are closely
examined, too many individuals are marked as ‘unknown’ for positive
conclusions to be drawn.

Umbilical hernia is usually caused by an inherent defect in the umbili-
cal ring. A weakness can result in a part of the abdominal contents being
extruded as a soft bulge. However, even if the musculature is defective, a
hernia need not always develop or the development may be so slight as
to escape notice. This means that if attention is focused entirely upon the
presence or absence of hernia the fundamental or primary defect will not
be detected in some cases. The hernia condition is a ‘secondary’ manifes-
tation of a probable anomaly of the umbilical region. The descent of the
hernia from one generation to the next could appear to be irregular, in
spite of the probability that the primary defect is inherited along regular
lines. However, it must be admitted that the problem is complex. The
simplest hypothesis is that the incidence of hernia is a threshold charac-
ter.

Urolithiasis [impairing]

There is a case of urolithiasis, or formation of urinary calculi, which

‘reveals a familial tendency. A male cat showed the disease and so did

three kittens out of four from matings with his sister. Full details of the
urolithiasis are not given except the statement that the disease failed to
respond to any treatment, including surgery. The affected animals are
otherwise healthy and there was no evidence of environmental factors at
play. It is possible that a hereditary influence may be involved.

Though intriguing, these observations would carry little weight, stand-
ing alone, but they are the sort that could contribute towards something
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tangible should a number of similar reports come in over the years. For
this reason, if no other, this condition deserves to be cited. It is quite likely
that a predisposition towards the formation of urinary calculi could be
determined to some extent by heredity. A genetic propensity towards
urolithiasis is suspected in the dog.

Visual pathways misrouting [impairing]

True albino animals are completely without pigment, hence the coat is
white and the pupil of the eye is pink or red, surrounded by a translucent
iris. In the cat, the Siamese allele is a form of partial albinism with a
limited amount of pigment to create a blue iris.

A curious feature of albinotic animals is a misrouting of the visual
ganglion axons from the retina to the brain. An unusual number pass to
the wrong side of the brain. However, this may not seriously impair vision
as the cat’s brain is apparently able to compensate. Both albino and
Siamese cats are affected, the latter to a lesser extent than the former. It
is of interest that, while white coat color is recessive to fully colored, the
heterozygotes Ccs and Cc have misrouted pathways although to a lesser
degree than the homozygotes cscs or cc.

Cats with the Chediak-Higashi syndrome also show misrouting of the
pathways but to a lesser extent than the albino. Incidentally, neither the
Burmese of the albino series of alleles nor dominant white exhibit signs
of visual misrouting. There are many reports on the anomaly.

Weeping eye [impairing]

A perpetually weeping or running eye could be due to several causes:
injury 1o the eyelid, entropion or inward turning of the eyelid, so that hairs
irritate the eyeball, or to blockage of either the nasolacrimal canal or the
lacrimal duct which are responsible for draining excess tears. The block-
age could result from a foreign body in the canal or duct. It is advisable
to consult a veterinary surgeon if the condition persists.

However, the condition can arise as a consequence of selective breed-
ing for an excessively short nose in some breeds. This may lead to
distortion, narrowing or even blockage of the nasolacrinal canal or
lacrinal duct. The eyes overflow with tears which trickle down the side
of the nose. In this case, the condition may be held to be genetic, proba-
bly polygenically, as a result of changes in skull shape. If affected
animals recur in related litters or over several generations, the breed-
ing policy should be reviewed. The responsible breeder will not breed
from afflicted cats even if they are surgically corrected. It would also
be wise to retire from breeding any animal which produces such

offspring.
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Technical appendix

List of genetic anomalies and symbols
Table 11.1 Genetic anomalies and their symbols

Symbol Name —mol—_Name -
br Brachyury
1 ] ) hy Hyd

g; gl;fdlflk-}hgashl syndrome M M);n;of:irl,;l:;:;ess

e Cut;:;lcan Curl ) man Mannosidosis

pa Dugt ;cigs;li?:ema mc Meningoencephalocele

plicz n

ev; Episodic weakness P(:i ;I(;I;I;;i!tmln 7l dystrophy
fc Flat-chest kitten syndrome Ph Ple; er-Hslllgt al
Fd s Folded ears Po Porihyria omay

- e
ga_Z gzﬁgig::gg::: gﬁg rdg Progressive retinal atrophy
£ M e Rdy Progressive retinal atrophy
. nch hairless r Retinal degeneratio
; ag gageman factor Sh Split-foot # 8

ce . . i
o Rzg::lgf;j(-)rrlx;csronenua sl gpheroid lysosomal disease |
e 1a sp parse fur ‘
i gemoph{lga A spl Sphingomyelinosis
L emophilia B spt Spasticity

0 Hyperoxaluria tr Trem
hr Canadian hairless o

Historical appendix

The elimination of craniofacial defects i
in the B —
case study of responsible breeding urmese cat — a

E:i?:;?g:ggﬁ;:a: a statharc:' that calls for ‘roundness’ everywhere. This
parent in the head. The face of the B y
a rounded head with round cheeks, r i \dedt ot e
) ., round chin and rounded i
order to meet this standard, Burme acd for ¥ v
) , se breeders began to breed f

rounded look in the head. This look b “coNTBmpoLSr

r . ecame known as the * g

{or ‘eastern’ or ‘extreme’ or ‘new’ i g 1o poriaary

I ew’) look. However, in strivi

this look, the breeders of Bur } ses signifisant dofeoate

his + the mese cats began to see significant: i-

?ﬁz 1’;1 }helrbhttgrs. The deforrpity_ is known as incomplete cgojoined t\‘ljv?rflzl;:lngl

ne defect basically is a duplication of the upper maxillary. Kittens are b .

alnxe but are not able to survive. ’ o hem

S soon as the Burmese breeders became
* Bu I aware of the fact th i
ids?)fl‘:(:nta(‘:llvaii;g(::tnng in Burmese litters across the country and was zgfgﬁ
or an environmental problem, th b

affected kittens to Cornell Universi Veterinary Modisine o
ty School of Veterinary Medici |

study. In the 1980s, they also asked i o o fund oo

. In b the Winn Foundation to fund

and initiated the Burm i %o study this

and, ir ese Cooperative Research Group to study this ‘
The studies found that the ‘C

) i ontemporary phenotype is the -
;sr;on of tl:1e lncompllete penetrance of the dominantyznd its pree)'(sgrnecse
sures that the cat is a carrier for the lethal gene or genes’. To date it i |

appears that th i i
de?ect. € contemporary phenotype is always linked to the head
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i i f Burmese cats are working
he present time, responsible _breeders o ; r
to ':-:i:nin;te the head defect in their cats. They are to t%esg::!%nt ;{:?jl:,f;?;:
§ . B
inding the defect, working with research veterinarian €
er:gl?c?r using the results to better their breed and produce healthy, viable

Burmese kittens.

Glossary

This glossary covers terms found in this edition as well as additional ones
which may be encountered in genetic texts.

A

Abyssinian tabby Sce Ticked tabby.

Adult For purposes of cat shows, a cat which is at least eight months old.
Its age is measured at the time of the show.

Agouti The natural coloring of most species of mammals. The wild type
color phenotype in coat color genetics. Includes classic (blotched),
mackerel, spotted and ticked tabby. The hairs are banded with yellow,
especially at the base. The coat of the Abyssinian is a good example.
The hairs are banded with yellow. The wider the band, the lighter the
coat. '

Albino The pink or red-eyed white mutant which is completely devoid of
pigment is a true albino. The red-eye is caused by the blood in the
translucent eye structures. Blue or dark- eyed white individuals are not
albinos. Siamese coloration is a form of incomplete albinism.

Allele Mutant form(s) of the normal gene. There may be more than one
at a locus. Often employed as an alternative term for any gene, although
this usage is strictly incorrect. Gene is the more general term.

Allelic series A series of mutant alleles which have arisen from a normal
gene by mutation. A number of alleles at the same locus.

Allelomorph Obsolete term for allele.

Alter A class where spayed and neutered cats are judged (see Premier).
Also, a cat who has been surgically corrected to prevent breeding. See
Neuter and Spay.

Alternative heredity Mendelian inheritance involving the genetic assort-
ment of major genes, as opposed to blending heredity.

Anestrus Interval between successive estruses.

Anomaly Anything which is contrary to the general rule. An organ or
structure which is abnormal with reference to form, structure, position;
a malformation.

Anorexia Loss of appetite.

Antenatal Before birth.

Antibodies Proteins, produced by the immune system, which are gener-
ated in response to the presence of a foreign substance such as bacte-
ria.

Artificial fertilization The union of ovum and sperm by various artificial
techniques. It also involves artificial insemination.
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Artificial selection The action by man to ensure that certain indiviglualls/
are preserved in preference to others. Different breeds of the single
species of domestic cat are created in this manner. Such action can

unter natural selection. o o o

Ascs(())rttive mating The mating of individuals with similar characteristics.
Like-to-like matings. o

Assortment of genes The random combination of genes from each parent
to create a unique individual. ) _

Atavism Appear:cilnce of an ancestral form among litters of kittens. Now
an obsolete term.

Autosomal gene A gene present on the autosomes, as opposed to those
on the sex chromosomes. See Sex-linked genes. it

Autosomes The ordinary chromosomes of the complement, as oppose
the sex chromosomes X and Y.

B

Backeross Mating of the F, to one of the parents, usually to the parent
with the recessive genotype of intere:st. See Testcross.

BC Symbol to denote a backcrosfs matmgl. o white
i Having a patched coat of one color and white. '

g:;z:::lc' A chagract%r which is determined by alleles at two independent

Blilc;(t:zdernﬁc The embryonic disk of an embryo. A disk of cells which lies
between the yolk sac and the amniotic cavity from which the embryo
develops. _ ) av
laze Having white on the face in the form of a inverted V. '

glzlz:ling hefedity Where ancestral traits ‘blend’ to produce 11_1term'ed1at_e
expression in matings, as opposed to alternative (Mendelian) inheri-
tance. _ )

Bloidline Breeder’s rather than genetic term. Roughly equivalent to a
strain but used to denote descent from a famous but remote ancestor.
tched tabby See Classic tabby. o

g](:)ﬂle:eck Po)i,nt where a population decreases to few 1n41v1duals from
any cause and from which it increases in sizq. In cats, this could occur
where a once popular breed loses popularity rather sharply before

ining usual numbers. _ . -

Brl;;%lzlllll%nterbreeding group of individuals with uniform and distinctive
haracteristics. . o

Brzek:lri}lub A group of cat owners and exhibitors where_membershlp is
limited to owners of the breed in question. It may be independent or

ffiliated with one of the cat registries. o

Bried standards The written list of characteristics formulated by a %n
federation for use in judging a particular breed. The standard‘s descnde
the ideal specimen of that breed. They are sometimes called ‘standards

f perfection’ or ‘points of excellence’. _ )

Brzetll):; quality A pgdigree cat that is basically sound in appearance, and
of good health and overall quality (when measured against dthe
standards of the breed), and thus would prove an asset to a breeding
program. However, while it shows no disqualifying characteristics, it
would not win in competition. A breeder’s term.

Glossary 211

Brindling Coat of a mixture of black and orange (or blue and cream)
colored hairs. Opposite of patching. Also brindle.

C

Calling Female cat’s vocalization during estrus.

Carrier An individual which is heterozygous for a particular recessive
gene; commonly used with reference to a lethal or other undesirable
gene. Breeder’s term rather than genetic.

Castration Removal of testes from the male.

Cat Fancy A term often used to describe a cat federation. It is also used
in the broader sense of the entire universe of those breeding purebred
cats and showing both. purebred and household pet cats at cat shows.
There it is usually just called ‘the Fancy’.

Cat Federation An association of persons and clubs involved in breeding,
showing and judging cats. Among its activities are sanctioning shows
and registering cats. See also Registry.

Cat For cat shows, a feline, of either sex, over eight months of age.
Usually, but not always, denotes an unaltered (whole) cat.

Cattery A name registered by a cat breeder to identify the breeder’s line
of breeding. A registered cattery name always appears as a prefix to the
name of a cat bred by that cattery/breeder. Also used to describe the
facility where the breeding or boarding of cats takes place.

Cell The fundamental unit of tissues and organs of the body.

Cervix Region where the two uteri join to form the vagina.

Character A feature considered as an entity in heredity. The expression
of major genes. Also see Trait.

Checkerboard A diagram to facilitate the derivation of phenotypes and
genetic ratios produced by two or more assorting independently genes.

Chiasma The physical expression of exchange of segments of chromo-

somes during the first stage of meiosis. Important for recombination of
genes.

Chiasmata Plural of chiasma.

Chimera One individual formed from the fusion of two fertilized eggs.
May be of unique appearance but sometimes grotesque. Some tortoise-
shell males are chimeras.

Chromatid Primitive chromosome formed during the early stages of
meiosis, before separation into two fully fledged chromosomes.

Chromosome Strands of DNA which are bearers of genes. These can be
seen as small bodies in the nucleus of cells. One of the fundamental
units of heredity.

Chromosome complement The number of chromosomes for a species. In
the cat, the number is 38, or 19 pairs.

Classic tabby Maximum expression of pattern, with the fine vertical stripes
of the mackerel being replaced by bars and whorls. Also called blotched
tabby.

Classical lethal Lethal gene which causes death of the individual before
birth. Responsible for much prenatal or uterine mortality.

Closed stud A system of breeding whereby individuals are selected from
within the breeder’s own stock or strain. Outcrosses to another strain
are only undertaken for a special purpose.
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Cobby A compact body type.
Codominance When the phenotypes
heterozygote. Do not confuse with incomplete
mon- inbreed-
Coefficient of inbreeding A numerical measure of the amlt?;:lrillt1 :gon o the
ing in ancestry of a cat. An important quantitative dete:
art of breeding. ive the
Coital crouch Characteristic squatting posture by the female to recel
male at coitus (for copulation).

Coitus Act of mating. o
Colostrum A queen’s ‘milk’ which is produced oo
after the birth of kittens. This very special substan
protein and antibodies. i
Comparative genetics The study of comparing

of genes between species. . h
Compensatory mating A method of breeding wher
characters are balanced against each other In
between individuals. The object is to achieve an oV
in the population. ) L -
Conceptign Product of a successful mating. Initiation olf p:v(;lger:filngasured
Conformation The ‘look’ or physical type of a cat, usually
against its written breed standard. )
Congenital Character present at or from birth.
Copulation Act of mating. )
Copulatory ovulator A species in \;/hlch copu
changes resulting in the release of ova. ) ‘cle on the
Corpusglutea Yellowish scar tissue of a burst Graafian follicle
surface of the ovary. _ . changes in a cat, but
Cosmetic genes Those genes which produce chhofs:m&;trl: % : tv%o types: those

which are neither lethal nor impairing. ey o which do nof require

t the cat to live a healthy

of two genes are shown i the
dominance. Uncom-

ing the first 48 hours
et is very high in

the location and function

eby good and })ad
arranging matings
erall improvement

lation results in hormonal

having medical or physical repercussions and t
any surgical or medical intervention to permi
life. ] ‘stinct
Crossbred Individual from a purposeful mating betw«;.en two distin
breeds. Do not confuse with the general term mongre S hromosome:
Crossover When genes pass from one partner of a pair s Also called
to the other as a result of exchange of DNA during me10ses.

crossing over. ] . Bilat-
Cryptorcl%idism Disruption of the descent of testes mltlo tt:nic?e,;utis e
eral when both testes fail to descend, unilateral when

idism i i rm for the latter.
descend. Monocryptorchidism is an incorrect tgividuals from breeding.

Culling The rejection or removal of inferior ind ! .
Actgof selecti]ve breeding. As used in the practice of ‘breidkuiltgte%eglrgi: ”
cats, this refers to the practice of spaying or neutenﬁlg \andard being
that does not measure up to the show standa;d (or ot eé s]; responsible
applied) for that breed. In no way does culling, as u?fethey £ail to meet
breeders, signify the killing of healthy kittens or cats y
the applicable standard. etic

Cytogellljgtics Combination of the study of chromosomes and gen
analysis of characters.
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Cytology Scientific study of cells and tissues.
Cytoplasm Contents of a cell other than the nucleus.

D

Dam Female parent. Also queen.

Deferred lethal A gene which is lethal in full manifestation, that is it is
not lethal in utero, at birth, or shortly following birth.

Deoxyribonucleic acid Major biochemical constituent of the chromosome.
Abbreviation DNA.

Dermatitis An inflammation of the skin.

Differentiation Biological process where precursory cells divide to form
more specialized cells to make tissues and organs.

Digitigrade Walking on the tips of the toes, like a cat.

Diploid number The usual complement of two of each chromosome in the
body cells of the individual. Twice the basic, haploid, number.

Disassortative mating Mating of individuals with dissimilar characteristics.
Mating of unlike to unlike. See Compensatory mating. Cf. Assortative
mating.

DNA. Abbreviation for deoxyribonucleic acid.

Doctoring Vernacular term for spaying or neutering.

Domestication The adaptation of a wild species to life in captivity, as wild
Felis libyca developed into the tame domestic cat.

Dominance When the expression of a gene completely over-rides the
expression of another at the same locus. Not to be confused with epista-
sis.

Dominant gene The allele whose expression completely over-rides that of
another at the same locus. The allele which manifests in the F,. See
Recessive gene.

Double recessive Individual homozygous for two recessive genes.

Drift See Genetic drift

Dysplasia Development that is not normal. Hip dysplasia is a concern in
some breeds of cats.

E

Ectopic pregnancy Development of an ovum other than in the uterus.

Effective population The number of individuals which actually contribute
offspring to the next generation, as opposed to the general population
or a population before culling,

Egg The ovum after fertilization by a sperm.

Ejaculate The seminal fluid. Semen.

Ejaculation Expression of seminal fluid.

Embryo Stage of development of a fertilized egg before becoming a fetus.

Endocrine glands Those ductless glands which secrete hormones. These
are important for many biological functions, including sex development
and behavior.

Entire Said of an individual which has not been neutered. See Whole.

Environment All non-genetic influences affecting the growth, maturity
and well-being of the individual.

Epididymus The duct in which the sperms produced by the testes are
stored before ejaculation.
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Estrus Period when the female will accept a mating.

Estrus period The duration of estrus.

Epistasis When the expression of an allele masks the effects of one or
more alleles at different loci. Not to be confused with dominance. Cf.
Hypostasis.

Eumelanin One of the basic pigments, usually called brown or black.

Expression The variation of the phenotype of a gene.

Expressivity The measurement of the variable expression of a gene by a
convenient scale.

F
F, Symbol for the first filial generation. The first cross offspring.

F, Symbol for the second filial generation. The offspring from mating the
F, inter se.

Factor Obsolete term for a gene.

Fallopian tube Thin tube leading from the ovary to the uterus. Also called
oviduct.

False pregnancy Pscudopregnancy.

Familial selection Selection which is based not exclusively on the excel-
lence of the individual but also, or alternately, on the excellence of
closely related individuals as a group, usually siblings.

Fancy Short for ‘the Cat Fancy’.

Fecund Highly fertile.

Fecundity The ability to produce numerous offspring.

Feral Domestic individual which has returned to living in the wild.

Feral Non-domesticated cat. This can refer to cats who are ‘wild’ such as
bobcats, tigers, etc. The term is also used to denote a colony of cats who
live outside in a community but are not cared for by humans.

Feral blood Referring to the presence of a ‘wild’ cat, such as a bobeat,
that is bred into the lines of a pedigree cat. i

Fertilization Fusion of ovum and sperm. Cf. Conception.

Fertility The ability to produce offspring.

Fixation The stage where genes become homozygous or ‘fixed’ as a conse-
quence of either drift, selection or inbreeding, usually the latter.

Fix Vernacular term for spaying or neutering.

Fixing To “fix’ a characteristic in the individual either by selection or by
inbreeding. Breeder’s term rather than genetic.

Fetal atrophy Loss of fetuses before birth. Death and resorption of a fetus
within the uterus. Common in species with multiple birth. : :

Fetus Stage of development when the embryo has become a recognizable =
kitten. [

Foster To transfer offspring from the dam to another female for nursing-

Foster mother Female who nurses another female’s offspring. LA

Founder principle Population with unique features due to their derivation ==
from a few individuals, the ‘founders’. Many cat breeds were ‘founded |
in this manner. o

"

G

Gametes Genetic term for the reproductive cells. Sperms and ova of
male and female, respectively. Opposite to somatic cells.
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Gene The basic unit of heredity, as carried by the chromosomes like
‘beads on a string’.

Gene frequency Proportion or percentage of individuals in a population
expressing a particular gene, usually the mutant allele.

Gene mapping The process of determining the location of a particular
gene on a chromosome.

Gene pair Two alternative penes assorting at a locus, usually the normal
gene and a mutant allele, but these could be two mutant alleles.

Gene pool The collective number of genes and hence potential somatic
“diversity in an interbreeding population; usually shown as 2n, where n
is the number of individuals in the population, as the genes occur in
pairs in the individual. Also a breeder’s term describing the genetic
constitution of a group of individual cats.

Gene symbols Genes are denoted by letters of the Latin alphabet, usually
as a convenient shorthand for writing genotypes and to work with
checkerboards. By convention, capital letters denote dominant genes
and lower case letters denote recessive genes or alleles. ‘

Genealogy The study of pedigrees, bloodlines and ancestry. Important for

the art of breeding.

Genetic Pertaining to the genes.

Genetic constitution The genetic endowment of the individual. The
genotype as opposed to phenotype.

Genetic drift Random fixation of genes, usually due to a limited breed-
ing group within a strain, breed or species. Can occur if selection is
relaxed.

Genetic fingerprinting Pattern of fragmented and stained DNA which is
unique to the individual. Shared patterns only exist in cases of identi-
cal twins or very closely related, highly inbred individuals.

Genetic marker A piece of genetic material highly associated with a
-particular disease or gene and used to determine its presence.

Genetic ratio Ratios of phenotypes produced by assorting genes

Genetics The study of heredity and phenotype variation in a population.

Genitals External sex organs.

Genic Pertaining to the genes. See Genetic.

Genome The totality of the genetic endowment of the individual.
Employed in a more general sense than genotype, as it includes genes
not yet completely characterized.

Genotype Genetic constitution of the individual expressed in terms of
gene symbols. A more limited definition than genome, as it only
includes genes which have been characterized. Cf. Phenotype.

Genetic anomaly An inherited abnormality. Not all congenital abnormal-
ities are genetic in nature. In cats, they are of three major types: lethal,
impairing and cosmetic.

Germ cell Reproductive cell or gamete.

Germ cell lineage Concept of an immortal lineage of cells bridging gener-
ations. The lineage consists of an alternation of the germinal cells
(gonads) of the individual and the germ cells (ova and sperm) which

these produce.
Germinal cells Pertaining to the germ cells {(ova and sperm) of an

individual.
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Germinal mutation Mutation within the germ cell lineage giving rise to
inherited or genetic variation. Mutation in the body cc}ls may be
expressed in the phenotype but are not inherited. See Somatic mutation.

Gestation Pregnancy. )
Gestation period Duration of a pregnancy; pero
from conception to parturition. .
Ghost pattern Tabby pattern to be seen in the coats of solid colored
kittens, revealing the tabby pattemn masked by the non-agouti gene.

Often disappears with successive molts.
Gonads Organs of the body which preduce the germ cells or gametes.
More specifically when the organs have not differentiated into testes

(male) and ovaries (female). .
Graafian follicle Sac or pimple on the surface of the ovary containing the
ova. In cats, the act of copulation results in the elevation of a hormone
which causes these to rupture, releasing ova. After release of ova, a
yellowish scar is formed. See Corpus lutea. '
Grading Assessment of the quality of characters either by measurement
(weight or size) or by grading on a scale of points for excellence. Cf.

Scoring. o )
Grading up Improvement by repeated matings of inferior animals to those

from a superior strain. Rapid method of improving inferior stock.
Gravid Pregnant.

Gynander See Gynandromorph.
Gynandromorph Individual with a mixture of male and female sex organs.

It is possible for an individual to be male on one side of the body and
female on the other. Cf. Hermaphrodite; Intersex.

d of carrying offspring

H

Haploid number The number of chromosomes in the gamete, being half
that normally found in the body or somatic cells. Cf. Diploid. _

Heat The period when a female will accept a mating. See Estrus period.

Hemolysis Destruction of red blood cells, with the liberation of l}emoglo-
bin, which diffuses into the fluid surrounding the cells. When this occurs,
the body is unable to retain the hemoglol?in, which is lost through the
kidneys and imparts a red color to the urine. )

Herd management Practices necessary to the _health and well-being of a

group of animals, usually a herd of farm animals but also applied to a

breeding cattery.
Heredity The transmission o
offspring. : . )
Heritability The variation between individuals may be partitioned into
that caused by environment and that due to heredity. Heritability is the
latter expressed as a proportion of the total variation. ]
Hermaphrodite Individual with both male and female reproductive organs
(ovaries and testes) which are more or less functional. Cf. Gynandro-

morph; Intersex.

Heterogametic sex Producing two types of germ cells or gametes. In
particular, the gender which produces both gametes containing )é
chromosomes and gametes containing Y chromosomes. In cats an

other mammals, this is the male. Cf. Homogametic sex.

f inherited variation from parent to
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Heterochromia Where the iris of one eye is normal but the other is
partially or wholly blue. Cats exhibiting this phenomenon are commonly
called ‘odd-eyed’.

Heterosis The exceptional vigor which may be observed in the offspring
from crosses between inbred strains. Also known as hybrid vigor.

Heterotic effect When the heterozygote displays exceptional expression
compared with the parents. Heterosis or hybrid vigor may be cited as a
special case.

Heterozygosis Genetic transmission of a particular quality or trait from
parent to offspring.

Heterozygosity Proportion of heterozygous loci in an individual. Propor-
tion of heterozygous individuals in a population. Cf. Homozygosity.
Heterozygote Individual with two dissimilar alleles (Aa) at a locus as

opposed to two similar alleles (AA or aa). See Homozygote.

Heterozygous advantage When the heterozygote (Aa) is superior to either
homozygote (AA or aa). The accepted basis for heterosis.

HHP Abbreviation for household pet (cat or kitten) in a cat show.

Homogametic sex Producing only one sort of gamete. In patticular when
all of the gametes carry the X chromosome. In cats and other mammals,
this is the female. Cf. Heterogametic sex.

Homologous Genes with similar function and phenotype between genes
species. Many coat color genes are homologous between species. Dogs,
cats and rodents have many genes in common.

Homezygosity Proportion of homozygous loci in the individual (A4 or
aa). Proportion of homozygous individuals in a population. Cf.
Heterozygosity.

Homozygote Individual with two similar alleles (AA or aa) at a locus, as
opposed to an individual with dissimilar alleles (Aa). See Heterozygote.

Homozygous Possessing a pair of identical alleles at a given locus, that is
AA or aa.

Hormones Chemicals produced within the body which control many
biological functions, including sexual development and reproductive
processes in general. Cf. Androgen; Estrogen.

Household pet A non-pedigree cat or kitten or a pedigree cat or kitten
being exhibited in a class with non-pedigree cats or kittens. Some cat
federations have a separate procedure for registering household pets.
Some federations also permit household pets to earn titles equivalent to
those won by pedigree cats. Household pets are usually required to be
altered by a certain age and may or may not be permitted to be declawed.

Hybrid Offspring of a cross between two species. To use the term for
offspring between two breeds is strictly incorrect.

Hybrid vigor Common term for heterosis.

Hypostasis When the expression of one or more alleles are masked by the
expression of another allele at a different locus. Not to be confused with
dominance/recessiveness. Cf. Epistasis.

I

Idiogram Diagramic representation of chromosomes of a karyotype.

Impa;'ring genes Genes which produce conditions which are not lethal, but
which impair the ability of the cat to function. They are of three types:
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i ical or surgi-
those which are difficult or impossible to control v;cl)';‘htfee e samree
cal therapy; those which require surgical theranich require prolonged
or to live a relatively painless life; and those W
or life-time medical management. fails to manifest, as may
Impenetrance When the expression of a gene Incomplete penefrance.
occur for the poor expression of a gene. See e wall of the uteris.
Implantation Attachment of the developing €gg 10
: nation. i d for man
llll::)l:'l::iglslzgi(::ﬁngsfgl:; of animals which have beerllﬁf;gsrilly inbre y
generations. Such strains can be rexpar}(qbly 111 The two most common
Inbreeding Mating of closely related_mdmdua s.
are brother-sister or pare_nt—offsp_nng. 4 vit
Inbreeding depression Decline of vigor and 1
inbreeding because of the fixation of impairing
tive effects. o ) . breeding.
Inbreeding index A ratio describing the intensity Oig; has a gphenotype
Incomplete dominance When the heterozygote f(the two homozygotes
which is intermediate in expression 10 thgsenge
(AA and aae). Do not confuse with codominance.
See Impenetrance individual
II:ll;(e)ll:lepl::teilf m‘;gnlc:vels A nfethod of selection wﬁi;igyfgeaﬁly 13’111 o of
is culled if it fails to surpass a given level of exce
f characters. . llence of the
Ingi'lzlilclllllll:lelrngrit Straightforward selection based on the excelle
nilividual ; imulus of coitus,
In:ll:lci:(lld:)lsulaﬁon Ovulation which is induced by :Egusgég“ggulatom_ of
as opposed to spontaneous ovulation. Cats are
Spontaneous ovulation. . )
InfeI:'tile Inability to produce viable offspring; stte::)le(-) ftspring.
Inherited That which is transmitted from parent 0 O iher from coitus or
Insemination Introduction of semen into the vagina,
artificially. o ) ‘
Intermediate heredity Blending inheritance. neither fully functional
Intersex Individual with imperfectly formed sex orgallrs;1 orph; Hermaphrodite.
as male or female and often mixed. Cf. Gynan! gt)ration.’
Intromission Insertion. In breeding, vaginal pen oxal population. Individ-
Isolate Population bred in isolation from the gen
ual breeds of cats are examples of isolates.

ality as a consequence of
genes with small cumula-

K .
Karyogram Schematic representatio A
KEolg(:gy Study of the nucleus of cells, especia
S. : ) -~ £ the
Ka(;;(t)l:;l:;hr[(\)x;u;s&rgsm of the number and physical description o
chromosomes of an individual, b_reed or spf1
Keratin Biochemical substance which forms th :
Keyhole breeding A breeder’s term, 1dent1fy1ntgicu
focus on the use of one select stud cat or par -
senting successful competitors. The term mayee it
one is looking for breeding partners, but can §

e; idiogram.
n of a karyOL);pthe number and form

cies. 4 nails
hair and nails.

. reeding practices that

lar line, usually repre-

e from the idea tl_mt

ly one when looking
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through a keyhole. While this tends to fix the look or type of a breed,
it also reduces genetic diversity very quickly.

Kitten A feline, of either sex, under the age of eight months. For purposes
of cat shows, a cat that is at least four months old, but less than eight
months old. Its age is measured at the time of the show.

L

Lactation Production of milk in the queen and the suckling of offspring,

Lethal gene A gene which causes death of the recipient. Of three types:
classical lethal, tetratological and deferred.

Libido Sex drive or urge.

Like-to-like mating Assortative mating.

Line Group of interbreeding individuals with acknowledged distinctive
characteristics. Sometimes referred to as a strain, See Strain

Line breeding A form of inbreeding intended to concentrate the genes of
a certain individual, usually by repeated backcrosses. A term frequently
but wrongly used by breeders to denote less intense forms of inbreed-
ing.

Linkage Presence of two or more genes on the same chromosome. These
genes do not always sort at random, but tend to stay together if derived
from the same parent, or do not recombine if derived from different
parents.

Linkage map Linear representation of order of genes on a chromo-
some.

Litter Numerous kittens produced at a single parturition.

Litter registration The recording by a cat federation of the birth of a litter,
giving the date of birth, number of kittens, as well as the sire and dam.
Litter applications are submitted by the breeder of the litter.

Litter siblings Offspring belonging to the same litter regardless of sex.

Littering Giving birth. Also queening.

Livestock Domestic animals kept for breeding.

Loci Plural of locus.

Locus The precise location of a gene on the chromosome. Normally the
gene occupies the same position on the same chromosome in all individ-
uals.

Long day Encouragement of breeding by provision of artificial illumina-
tion during the shorter daylight hours of the autumn, winter and carly
spring.

Lordosis A severe condition affecting the spine of a cat just behind the
shoulder blades.

M

Mackerel tabby The wild-type tabby pattern of gently curving vertical
stripes.

Major genes Genes with large effects on the phenotype, as opposed to
genes which have small effects or traits that are polygenetic in nature.
Cf. Minor genes.

Mammae Mammary glands.

Mammary glands Milk secreting glands of the female.

Manifestation Expression of a gene.
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is concealed by the actions of a gene at another

Masking When a genotype
f dominant white over other color genes. See

loci, such as the effect o
Epistasis.

Maternal impressions Discredited belief that impressions received by a
pregnant female influence the character of her offspring.

Mating Placing two animals together for coitus. Copulation.

Matrilineal Descent through the female line or ancestry. Cf. Patrilineal.

Meiosis Specialized cell divisions which result in the halving of the diploid
number of chromosomes present in the individual, before the formation

of the gametes with the haploid number. Cf. Reduction division.
iris of the eye and skin. See

Melanin Coloring pigment of the hair,
Eumelanin and Phaeomelanin.

Melanism Black or very dark phenotypes in a population; as with black
cats in a feral population.

Mendelian character A trait produced by a single major gene and which
is inherited according to Mendelian principles of independent sorting.

Mendelian factor Obsolete term for a gene.

Mendelian When the inheritance of a character conforms to simple princi-
ples of the independent sorting and expression of dominant and reces-

sive alleles.
Mendelism Obsolete term for elementary genetics. After Gregor Mendel

who discovered the basic laws of heredity.
eces of genetic material, randomly

Microsatellites Highly polymorphic pi
with. no known function. Used as

distributed throughout the genome, with.
markers for other genes or to determine identity, paternity, etc.

Minor gene Gene with minor effects on the phenotype. As opposed to
major genes. See Polygenes. »

Minority breed A breed which is small in terms of the total number of kittens
born each year, thus tending to produce fewer numbers of whole adults.

Misalliance Said of a litter from an accidental mating.

Mismating Said of a litter from an accidental mating.

Missed mating When a mating failed to produce a litter.

Mitosis Cell division which produces tissues and organs of the body.

Modifiers Genes which modify the expression of other genes. Commonly
applied to those polygenes which mold the expression of major genes.
Important in shaping the finer points of breeds or phenotypes.

Modifying gene A gene which modifies the expression of another gene.
May be cither a major or minor gene, usually the latter.

Molecular genetics The study of genes and their effects at the molecular

level. Also molecular biology.
Mongrel Individual from indeterminate breeding, as opposed to purebred

or even crossbred. Slang, Moggie.
Monogenic A character which is determined by a single major gene.
Morph Variant form in a polymorphic population.
Morula Solid mass of cells, resembling a mulberry, resulting from segmen-

tation of an ovum.
Mosaic Individual composed of tissues with differing genetic make-up.

Some tortoiseshell males are mosaics. 9
Molt Replacement of hairs in the coat to maintain its quality. Molting 10

the cat is diffuse, replacing a few at a time.
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Multiple alleles Seri i i
ult g—type gefj e‘enes of mutant alleles which have arisen from the same
Multiple factors Polygenes.
Mutagenic Factors which are capable of inducin, i
t L S h a g mutation of th
including atomic radiation and certain chemical substancese l’gl‘iﬁ;z
mutations be either germinal or somatic. .
Mutant An individual displaying the effects of a mutated
Mutant allele A variant of a gene which h i ot
i trpe gom. , g as arisen by mutation from a
Mutation The process of producing a mutant allele; an obvi iati
from the normal which is genetically caused. » i obvious deviation

N

Natural selection The survival of certain individual
others, mediated by natural events. als at the expense of
Necropsy Autopsy of a non-human animal.
Neonatal Pertaining to newborn offspring.
Neonatal erythrolysis Hemolysis in the newborn kitten. A di i
¢ 1 C . isea: -
tion caused when the kitten’s red blood cells are destroyecslel:)? ntﬁle
:}c;:ilons of the matﬁrnal antibodies ingested in the queen’s colostrum
s can occur in the blood t i i '
ity ood type A kittens delivered by a blood type B
Neuter Desexing of either gender. For breeders
castrated to prevent breeding, + & male cat who has been
geutering Castrating a male cat. See Neuter.
eoteny Persistence of juvenile characteristics into adulth
N con;::pt for the process of domestication. ood- Tmportant
ormal gene The gene which produces the normal
phenotype, as opposed
to that igi ’ :
Wildat ygg)duced by a mutant allele. The original gene for a locus. See
Normal phenotype The typical phenoty i
! e pe for the species. Th -
1t(ype agams};[ which the effects of mutant alleles aIr)e compar?scgJ hzrll;)o
nown as the ‘wi ? is i iped
libycal,l s the ‘wild type’. In the cat, this is the mackerel striped Felix
Nucleus The body within the dell which contains th
other important constituents. ¢ clhiromosomes, among

0
OI;llilgsln:s carrier The offspring of a cat that is homozygous for a given
O%tlll-l:?fessei-ll;;\g?e% :g}f:o nvlv;;h different colored irises. Usually yellow and
Offsprin, i i i
oy e e
fBons produce the female germ cells of gametes
Olég;zzllu ;t:\f:)(idﬁ interbreeding population in which inbreeding is
Og?(;?jf:ii.ng Method of breeding in which inbreeding is deliberately
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Outcross Breeder's term meaning the breeding one cat to another

e R al of ovaries and uterus
iohysterectomy Remov 1 .
g::?yogiil‘:i: orgajrll for the production of germ cells or gametes (ova).

Overdominance When the heterozygote Aa is more extreme in expression
homozygote AA. _
052:1:1:;1 %Vh%rx? tﬁgphenotype of one gene has the phenotype of another
gene. Typically when the phenotype of a mutant allele mimics that of
the normal gene. Particularly when an impairing gene appears normal
in action or appearance.
Oil{ldlal(c:tlTube thIj)Ch conveys the ova from the ovary to the uterus.
Ovulation Release of ova from the Graafian follicles. The cat 1s one of
the few species which requires the stimulus of mating to induce ovula-

tion.

Ovum Singular of ova.

P ithi i i ion. Random

Panmixis Random mating within an interbreeding population. Ran
mating where inbreeding is not deliberately avoided. -

Papers One way to refer to a cat’s certificate of registration and pedigree
form.

. . . . the F..
tal generation Initial generation whlgh produce_s_ > Fy
ll::rrfllllenogzneﬁs Development of ovum without fertilization by a sperm.

Also known as ‘virgin birth’. Almost impossible in mammals.

Parturition Moment of birth.

i inance Incomplete dominance. o
g:m:;:n‘;lcmﬂglfcing a d?sease condition. Said of a lethal or impairing

Pagt:illliieal Descent through the male line or ancestry. Genes on the Y
chromosome will display patrilineal inheritance, but these are rare.

i i resentation of the ancestry or ancestors of an
Pei?llc%;\zgulzlo;r?zl(l)ziilgut showing a_cat’s bapkgrm_md for three, fourlor
five generations. A three-generation pedigree includes the cat, plus
three generations back. A pedig_ree gives names, colors and registration
numbers for each cat in the pedigree. Show titles are usually glst;( given.
Pedigree cat This usually refers to a cat whose heritage is known,

ted and registered. See Pedigree. .
Pei:?;ﬁzg ’i‘h: 1il:yrop(%;tion of individuals that express a particular gene.

See Impenetrance. ) .
Penis Mafe organ for depositing the semen in the female vagina.

i oment of parturition. _ - '
gt‘::‘:]l::::t;} tAﬂ;)eefjl}gree cat that the breeder believes that it is not suitable

for show competition against other pedigree cats for one or Iln(;l:
reasons. These reasons include matters such as color and color p ata'
ment, relative size or perfection of _physwal features, such as e:ari, e
etc. and other subjective, cosmetic features, measured agallgl‘ltst -
standards of perfection. Pet quality does not mean that the kitte

der’s term. .
Phﬁ(ﬁz'inAﬁgﬁgw coloring pigment of the hairs. Often called red of

orange as well.
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Phenocopy Variation which mimics a known mutant phenotype but is not
genetic. When experimentally induced, it is important in the study of
development and genetic diseases.

Phenotype The expression of a gene in the individual. Also phenotypical.

Pherpmone Scent given off by individual which influences the behavior of
another individual. Specially sex pheromones to advertise estrus,

Phylogeny Evolutionary history of a species. Such as the study of extinct
felid-like creatures which gave rise to the modern cats species and
ultimately to the domestic cat.

Piebald Individual with patches of white fur.

Pigment granules Minute melanin-containing bodies which color the hairs.

PKD Autosomal dominant polycystic kidney discase.

Placenta Organ by which the fetus is attached to the uterus, through which
it receives nourishment.

Pleiotropy The quality of a gene to manifest itself in more than one way,
that is to produce more than one phenotypic expression.

Pleiotropism When a gene has several apparently unrelated effects on the
phenotype. However, usually these can be traced to a common genetic
cause.

Pointed A cat on which the mask (face), ears, legs, feet and tail are clearly
a darker shade.

Points Extremities of the body the nose, ears, feet and tail.

Polycystic kidney disease A defect of the kidneys which is sometimes
inherited. Fatal when both kidneys involved.

Polydactyly The presence of more than the normal number of toes.

Polygenes Genes with small but cumulative effects on the expression of a
character These minor genes are as important as major genes, if not
more so.

Polygenic Character determined by several genes, usually with reference
to minor genes or polygenes.

Polymorphism Presence of one or more variant forms in a population,
such as coat colors in mongrel cat populations.

Polymerase chain reaction (PCR) A technique used to amplify small
amounts of genetic material.

Population Group of interbreeding individuals, such as a strain, breed or
species. Very flexible but important term in breeding practice.

Population genetics Branch of genetics concerned with the composition
and genetics of groups of individuals or populations. Of considerable
relevance for animal breeding as it embraces the consequences of both
selection and inbreeding.

Postnatal After parturition.

Postpartum After parturition.

Pregnant Condition of carrying viable offspring.

Premier In some cat associations, a class where altered cats are judged.

Prenatal Before parturition.

Primary sex ratio Number of males per 100 females at fertilization.

Primiparous Producing offspring for the first time.

Progeny Offspring.

Progeny selection Assessment of the breeding worth of an individual by

examination of the quality of the offspring.
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of the individual for the possibility of it being
al or impairing recessive gene.

s of a cell. Nucleus and cytoplasm.

on of not carrying offspring in spite of appear-

Progeny testing Testing
heterozygous for a leth

Protoplasm Total content

Pseudopregnancy Conditi
ing pregnant.

Puberty Sexual maturity.

Purebred Individual of a recognize
mongrel.

Pyometria An infection in the uterus.

d breed, as opposed to crossbred or

Q
Qualitative variation Abruptly changing variation caused by the assort-

ment of major genes.
Quantitative variation
range from one extreme O

determination by polygenes. _
Queen Female cat, especially one used for breeding.

Variation which moves continuously through a
f expression to another. Usually indicative of

R

Random bred A way in which breeders of pedigree cats often refer to cats

that are not pedigree.
Random breeding The probability of any male cat being bred with any
female cat is a directly related function of the number of females in the
population. Which cat breeds with which cat is a matter of chance. See

also Random mating. .
Random mating Mating in which neither inbreeding or outbreeding is
encouraged nor avoided. Usually applied to populations where the
mating is uncontrolled.
Recessive gene Allele wh s i
same locus. The allele whose expression vami
appears in the F,.
Reciprocal mating Where a character is involved in two matings, in the
first via one sex and in the second via the other sex. Usually performed
to ascertain the possible influence of sex on the character.
Recombinant Individual which has received a new combination of alleles,

especially in the F, generation.
Reduction division Special division during meiosis which halves the

number of chromosomes.
Registered cat A cat (whether purebred or. household pet) which has
completed the requirements for registration with one of the cat federations.
Registration The initial recording of a cat’s individual cat name/owner
record in a cat federation. This also refers to the registration certificate
issued by a cat federation to the registered owner of the cat.
Registration rules The rules and guidelines set up by a cat federation for

the registration of cats, litters, catteries etc.
Registry One term used to describe a cat federation, taken from one of

ose expression is over-ridden by another at the
shes in the F, but re-

its primary roles, registering the birth and pedigree of cats.

Reproductive cells Germ cells or ga
Reproductive tract The passage In
uterus, cervix, vagina and vulva.

metes.
the female comprising the oviduct,
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Repulsion When two alleles at different loci ent i i

D rents nter a mating from differ-
Reticulation Formation of a network mass.
Reversion Appearance of wild-type phenoty i i

' ance | pe, typical expectation of a

mating between individuals homozygous for diff i

Tielos ot the e e ¥ Zyg erent recessive, mutant
Rufinism The degree of expression of orange/yellow pigment.

S

Scaling Assessment of the quality of characters by scori

X Ting on

points for excellence. The points scale is usuallyyfrom lgto 101.i seale of

Sc?nn.ghft&ssesgm()ent cg the quality of characters by either measurement
weight or size) or by grading on a scale of points f

Scrotum Sac containing the testes. P e

Season Estrus.

Secondary sex ratio Number of males per 100 females at iti

Selgregation Assortment of major genes. parturition.
election Choice of certain individuals for breeding in

. £
others. The basis of genetic improvement in anjmalgbree(li)irlfg?rence to

Selection index The total score of the individual divided by the maximum

tota.l score. ’I:he quotient is usually expressed as a percentage.

Selective breeding Choice of certain individuals in preference to others so

as 1o favor desirable characters. The basis of the art of breeding

Self A cat whose parents are of the same (solid) color. -

Semen Fluid ejaculate containing sperms.

Semi-dominance Incomplete dominance.

Seminal fluid Semen.

Sex Male or female of the species.

Sex chromosomes Two special chromosomes (X and Y) whi i

which determine
gender. In mammals, the heterozygote XY is mal
gender. I yg male, the homozygote XX
Sex linkage Genes which display association with sex b
e

S located on one of the sex chromosomes, usually the X SR ey, fre
ex organs Reproductive organs, testes in the male, ov iesti

gex ratio Number of males per 100 females. RS s
ex-limited genes Genes which can omnly find expression i

s not confuse with sex-linked genes. EEEEEE e

ex-linked genme Genes on one of the sex chromosom
because tl'le Y is_small and has few gene loci. ¢, usually the X

Show A series of rings of judging sponsored by a cat club.

Show quality A cat that, when measured against the written standards of
the'breed, wou}d be expected to achieve a title in competition relatively
easily. Breeder’s term. Some breeders use the term ‘top show’ to desig-
nate a cat that is expected to do extraordinarily well. &

Show rules Rules formulated by a cat federation governing all of the
?)spects of léoq‘ shows sanctioned and licensed by that federation are to

B . . .
be ar;lg:;ge . This includes how the cats are judged and how titles are
Siamese pattern Coloration where the poi
. : points are dark and the body is ligh
sepia or almost white. Also known as the Himalayan or colorpointypl:tte%'nf




S o e N WIS Y

226  Robinson’s Genetics for Cat Breeders and Veterinarians Glossary 227

‘Tabby pattern Overlay of pattern on the agouti ground color. Vestigial in

 the Abyssinian, but strongly apparent in the classic, spotted and mackerel.

 Tapetum Jucidum A layer of pigment cells behind the retina which enables

~ the cat to see more clearly in dim illumination.

“Telegony Discredited belief that the sire of a previous mating can influ-

 ence the characteristics of the offspring of the succeeding sire.

fertiary sex ratio Number of males per 100 females at puberty.

cross Backcross of the F, to the parent with the recessive gene(s). See

A ckcross.

Testes Ma;le organs for the production of male germ cells or gametes

(sperms).

cles Testes.

1 Singular of testes.

fetratological lethal A lethal gene which is lethal at birth (stillborn) or

' shortly following birth.

Threshold character Character which simulates alternate heredity but in

 reality is determined by polygenes.

lhrow back Reversion to the phenotype of ancestors. Breeder’s term
ather than genetic.

ed tabby Tabby pattern with the minimum of markings, confined to

the face, feet and tail. Also called Abyssinian tabby. Each hair of the

coat is tipped with darker color.

lom Common name for a male cat.

ie A short-hand way of describing a tortoiseshell cat.

_ oiseshell A cat with intermingled patches of black and orange color.

futal score Method of selection whereby characters are scored for excel-

.'legce and totaled to assess the quality of the individual. See Breeding
ex.

Poisonous.

Trait A character. Typically when inherited.

genic Incorporation of genic material of one species into the genome

“of another.

Sib Shortened form of sibling.

Sib mating Mating of brother to sister.
Sib selection Selection based on the quality of all individuals from th
same parents or of a litter. -
Siblings Brothers and sisters. The term is not necessarily limited to lifter

siblings, although this is the usual implication. -
Sire Male parent.
Soma Body cells of the individual as opposed to the germinal cells.
Somatic mutation Mutation in the body (soma) cells, as opposed
mutation in the germinal cells. Such mutation gives rise to mosaics and
are not inherited unless the germinal cells are involved.
Spay A female cat who has had a ovariohysterectomy to prevent breed-

ing and heat cycles. {
Spaying Removal of ovaries in the female; altering a female cat

Spay. i
Spermatogenesis Cell divisions which produce the male germs cells or
gametes (sperms). :

Spermatozoa Sperms.

Sperms Male germ cells or gametes. 4

Spotted tabby Color pattern in which the large or small dark spots ap
against a lighter background. <

Spraying A male cat’s habit of urinating anywhere, usually associated with
establishing territory. Sometimes a female cat will also spray. '

Standards of perfection Another name for breed standards. Often
referred to as ‘standards’.

Sterile Inability to produce offspring.

Stock Group of interbreeding individuals of insufficient distinction
called a strain.

Striped tabby Mackerel tabby.
Strain Group of interbreeding individuals with acknowledged distinctive

characteristics. Sometimes referred to as a line. See Line.
Stud Male individual kept for breeding; also called a ‘Working Mal
Older way of referring to a cattery, probably due to the fact that smal
catteries may have only one stud male.
Subvital gene Gene which lowers the vitality of the individual wil
producing a visible anomaly. Responsible for the effects of inbreedi
depression. 3
Superfecundation Offspring sired by different males in the same fitt
Superfetation Production of offspring of different ages at same or sp
parturitions. Usually caused when ova are released at different e
cycles and develop in different horns of the uterus.
Superovulation Production of unusually large numbers of ova.
hormone induced, rather than a natural event. : r
Syndactyly The absence of normal number of toes. See Polydactyly.
Syndrome Association of several characteristics induced by a con

TOOt cause.

t character A character determined by a single gene. Obsolete term.

emigenic A character which is determined by a single major gene.

“Alike mating Disassortative mating.

: iﬁlllm Passage in the penis for transmitting semen. Females have one as

vierus Organ for carrying and nourishing offspring during pre

Usu- 4 Jleri Plural of uterusl.’y . ) e
ally .

Passage for receiving semen deposited by the male.
nt A form which deviates from the wild type; usually but not neces-
arily genetic.

able expressivity A defect with variable expressivity is one where the
%?t; ]a)b.nt(imn?hty may be expressed differently in different animals.
o 1stinctive f ithi h
bl'ee d5 of car. orm within a breed, such as color or coat type of many

T .
Tandem selection Method of selection whereby each character &

improved in turn before moving to another.

P
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Vas deferens Duct for conveying the sperms from the testes to the urethra.
Virgin birth Parthenogenesis.
Vitality The normal health, growth and reproductive ability of the individ-

ual.
Vulva The external opening of the female vagina.

W

Whole (intact) male A male cat who has not been castrated and is still
able to breed.

Whole (intact) female A female cat who has not surgically altered to
prevent pregnancies.

Wild type The normal phenotype of the species. Employed as a standard
to which the effects of mutant alleles are compared. _

Womb Uterus.

X

X chromosome The ‘female’ chromosome, so called because females have

two X chromosomes, whereas the male has only one.
Y g
Y chromosome The ‘male’ chromosome, so called becausg it is present
only in males. The main function of the Y is to induce development of

the fertilized egg to be a male. i

Z i
Zygote The individual which results from the fusion of the male a'ni]l

female gametes.
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Abnormalities see Anomalies
Abyssinian, 10, 136-7, 161, 167-8
blue, 168
permitted outcrosses, 184
progressive retinal atrophy, 202
red, 168
sorrel, 168
tortoiseshell, 168
wild, 12
Achondroplastic dwarfism, 186
Acquired inheritance, 9
Agouti, 26-30, 135-6, 162
inheritance of, 26-30
Albino, 13940, 174-5
European, 174
Himalayan albinism, 169
Alleles, 356
albino, 13940
brown, 138-9
mimics, 43
multiple allelism, 37-9
see also Genes
American Bobtail, 10
American Curl, 10, 180, 190
permitted outcrosses, 184
American Lynx, 10
American Shorthair, 10, 184
American Wirehair, 10, 179
permitted outcrosses, 184
Amyloidosis, 1867 :
Angora, 10, 172
Animal improvement, 1-2
Anomalies, 60-2, 185208
classification, 1856
cosmetic, 185
climination of, 924
dominant monogenic heredity, 93
polygenic heredity, 94
Tecessive monogenic heredity, 93
impairing, 185
Inbreeding and appearance of, 116
lethal, 185
See also individual conditions

Asian, 173
Australian, 10
Australian Curl, 10
Autosomes, 20
Avoidance of inbreeding, 116-19
Awn hairs, 127
German Rex, 129

Backcross, 29, 32-3,83
Background inbreeding, 110
Balinese, 10, 171
permitted outcrosses, 184
Bengal, 8, 10, 137
Bent/short tails, 187-8
Birman, 10, 177
gloving in, 150, 177
permitted outcrosses, 184
Bite, 97-8
Black cats, 157
dominant black, 142
rusting, 157
sterile females, 145-6
Black-yeliow mosaics, 1524
domestic animals, 152
mosaics, 153-4
normal gene, 152-3
Blood types, 183
Blue color, 157-8
Blue tabby, 161
Bohemian Rex, 10
Bombay, 10, 173
permitted outcrosses, 184
Brachyury, 187
Breeding practices, 89-106
elimination of anomalies, 924
dominant monogenic heredity, 93
Ppolygenic heredity, 95
recessive monogenic heredity, 93
gene pools, 90-2
head conformation and bite, 97-8
meaning of lines, 89-90
persistence of anomalies, 94-6
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Breeding practices, (continued)
record keeping, 99-106
breeding, 101-2
identification, 100-1
numbering systems, 105-6
purposes, 99-100
stud book, 102-5
Breeding systems, 63-88

calculating decline in heterozygosity, 88

closed catteries, 77-80
differences between alternatives, 80-2
family selection and progeny testing,
72-3
grading-up, 82-3
inbreeding, 75-6
limits to selection, 85-7
mating like to like, 84-5
overview, 63-4
prepotency, 834
random breeding, 64-5
random mating, 64
selection, 65-6
and total score, 66-7
individual merit, 67-72
of characters, 74-5
sib mating, 76-7
stud male, 734
working ratios of declines in
heterozygosis, 88
Breeds
and inbreeding, 111-14
genetics, 167-81
see also individual breeds
minority, 90
self-colored, 1578
timeline of, 10-12

see also Breeding practices; Breeding

systems
Bristol, 10
British Angora, 10
British Shorthair, 10
Brown alleles, 138-9
Brown tabby, 160
Bunny cats see Abyssinian
Burmese, 10, 172-3
craniofacial defects in, 207-8
genotypes of coat colors, 172
head fault, 96
multiple allelism, 38-9
permitted outcrosses, 184
Burmese brown, 139
Burmilla, 10, 173
permitted outcrosses, 184

Calico, 36, 159
California Rex, 10, 133
California Spangle, 10
Cameo color, 166-7
Cardiac stenosis, 188
Cataract, 188

Cat Fanciers Association, 96
Celonese, 10
Chantilly, 10
Chartreux, 10, 184
Chausie, 10
Checkerboard diagrams, 30-5
Chediak-Higashi syndrome, 188
Chimeric cats, 145
Chinchilla, 165-6
Chinchilla tabby, 137, 165
Chinese Harlequin, 175
Chinese Lop, 10
Chipping, 100-1
Chocolate color, 158
Chocolate tabby, 161
Chocolate tortoiseshell, 160
Chromosomes, 17, 23
autosomes, 20
haploid number, 23
sex chromosomes, 19-21
Cinnamon color, 158
Cinnamon tabby, 161
Cinnamon tortoiseshell, 160
Cleft-palate, 195
Closed catteries, 77-80
Coat
color, 1
see also Coat inheritance; Color
inheritance
composition, 127-33
mutant genes and symbols, 183
pattern, 1
Coat inheritance, 127-33
genes and rexing, 130-3
Cornish Rex, 130-1
Devon Rex, 131
German Rex, 131-2
Oregon Rex, 132
Selkirk Rex, 132
long hair, 130
rex hair, 128-30
wire-hair, 133
Coitus see Mating
Collars, 100
Color inheritance, 134-54
albino alleles, 13940
black-yellow mosaics, 1524
brown alleles, 138-9
dilutions, 140-1
dominant black, 142
eye color, 135
inhibitor of melanin, 142
orange, 143-6
exceptional colors, 146
sterile black females, 145-6
tortoiseshell males, 1445
rufism, 150
standard of comparison, 134
tabby and non-agouti, 135-8
white/white spotted cats, 146-51
dominant white, 147-8

gloving, 150-1
lockets, 151
piebald white spottin , 148-50
Color likelihood, 18}; &
Color mutant genes and symbols, 183
Colorpoint, 176-7
Colorpoint British Shorthair, 10
Colorpoint European Shorthair, 10
Colorpoint Shorthair, 10, 184
Color variation, genetics, 155-67
cameo/red smoke, 166—7
chinchilla/shaded silver, 165-6
conformation and type, 1567
red and cream tabby, 162-4
red and tortoiseshell, 158-60
selfs, 157-8
silver tabby, 164-5
smoke, 164
tabbies, 160-2
Complex inbreeding, 121-3
Concentrating of heredity, 108
Conformation, 156-7
Continuous variation, 54-9
identified polygenes, 58-9
polygenic modifiers, 57-8
Corneal edema, 189
Corneal mummification, 189
Cornish Rex, 10, 43, 130-1
coat inheritance, 128-9
genetics, 178-9
inbreeding, 112
longhaired, 131
permitted outcrosses, 184
Cosmetic anomalies, 185
Crossing over, 50
Cryptorchidism, 21, 189-90
Curl, 190
Cutaneous asthenia, 190
Cymric, 10, 181

Deafness, 190-1

Deoxyribonucleic acid, 3,25

Devon Rex, 43, 1289, 131
double rex, 131
genetics, 178-9
Jack of whiskers, 131
permitted outcrosses, 184
spasticity, 203

Diabetes mellitus, 191

Dilute modifier, 141

Dilutions, 30, 140-1
dilute modifier, 141
pink-eyed, 141

DNA, 3,25

Dominance
dom!'nant monogenic heredity, 93
dominant mutations, 33
nomozygous dominant, 35-6
ncomplete, 36-7

Dominant black coat color, 142

Index

Dominant monogenic heredity, 93
Dominant mutations, 35

Double rex, 131

Doubling up, 108

Down hairs, 127

Dutch Rex, 10

Egyptian Mau, 10, 175
permitted outcrosses, 184

Egypt, origins of cat in, 4

Environment, effects of, 1617

Epibular dermoids, 191

Episodic weakness, 191-2

Epistasis, 40-2

Estrus, 14-15

Eumelanin, 135, 152, 162
conversion to phaecomelanin, 159

European albino, 174

European Burmese, 184

European Shorthair, 10

Exotic Shorthair, 10

Expressivity, 45-6

Extreme expression, 75

Eye color, 135

Family selection, 72-3

Fawn color, 158

Fawn tortoiseshell, 160
Federation Internationale Féline, 96
Feline genome project, 47

Felis catus, 3

Felis chaus, 5, 6

Felis domesticus, 3

Felis Iybica, 5

Felis lybica bubastis, 5

Felis lybica caudata, 6

Felis sylvestris, 5, 135

Felis tigerina, 7

Felis torquata, 3

Fixation of characteristics, 113-15
Flat-chested kitten syndrome, 192
Folded-ears, 192

Foreign White, 171

Four-ears, 192

French Sphynx, 10

Gametes, 28
Gangliosidosis, 193
Gene pools, 90-2
Genes, 35-6
and rexing, 130-3
Cornish, 130-1
Devon Rex, 131
German Rex, 131-2
Oregon Rex, 132
Selkirk Rex, 132
fixation of, 80
loci, 25
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Genes, (continued)
manifold effects of, 49
masking of, 40-2
mimic, 42-4
see also Alleles
Genetic anomalies see Anomalies
Genetic drift, 67
Genetic fingerprinting, 46-7
Genetics information, 1-2
Genotype, 29
German Rex, 10, 131-2
coat inheritance, 128-9
permitted outcrosses, 184
Germ cell lineage, 15-16
Ghost pattern, 40, 41, 164
Ginger gene, 51-3
Globoid leukodystrophy, 193
Gloving, 150-1
Birman, 177
Golden tabby, 138

Governing Council of the Cat Fancy, 96

Grading-up, 734, 82-3
Guard hairs, 127
lack of in rex coat, 128-9

Hageman factor deficiency, 194
Hairlessness, 194-5
Hare-lip and cleft-palate, 195
Havana Brown, 10, 158, 171
brisket spotting, 151
permitted outcrosses, 184
Head conformation, 97-8
Heat, 14-15
Hemophilia, 193-4
Heredity
impacts of, 49-62
abnormalities, 60-2
continuous variation, 54-9
identified polygenes, 58-9
polygenic modifiers, 57-8
linkage, 49-51
manifold effects of genes, 49
sex-limited expression, 534
sex-linked heredity, 51-3
threshold characters, 5960
principles of, 24-48
checkerboard diagrams, 30-5

detection of homozygous dominant,

35-6

dominant and recessive mutations, 35
expressivity and impenetrance, 45-6

genes and alleles, 25-6
genetic fingerprinting, 46-7
incomplete dominance, 36-7
masking of genes, 40-2
mimic genes, 42-4
multiple allelism, 37-9
multiple recessive, 44-5
simple inheritance, 26-30
Heterosts, 114-16

Heterozygosis, 76
calculating decline in, 88
in closed catteries, 78, 79
working ratios of declines in, 88
Heterozygote, 28
Himalayan, 10
Himalayan albinism, 169
Hip dysplasia, 195
Homozygosis, 76
Homozygote, 28
Homozygous dominant, detection of, 35-6
Hybrid vigor, 114-16
Hydrocephalus, 196
Hyperchylomicronemia, 196
Hyperoxluria, 196
Hypertrophic cardiomyopathy, 196
Hypothyroidism, 196

Identification, 100-1
Impairing anomalies, 185
Impenetrance, 45-6
Inbreeding, 75-6, 107-26
and breeds, 111-14
appearance of anomalies, 116
avoidance of, 116-19
background, 110
calculation from pedigrees, 120-21
complex, 121-3
depression and hybrid vigor, 114-16
intensity of, 108
law of descent, 123-6
limits for, 110-11
maximum avoidance of, 116-19
selection for, 109
synopsis, 119
Inbreeding depression, 95, 113
and hybrid vigor, 114-16
Incomplete dominance, 36-7
Individual merit, 67-72
independent culling levels, 68-9
tandem method, 68
total score, 69-72
Inheritance
acquired, 9
Agouti, 26-30
coat, 127-33
color, 134-54 -
simple, 26-30
Intermediate expression, 74-5
Intromission, 14
Italian Rex, 11

Japanese Bobtail, 11, 62
bent/short tail, 187-8
genetics, 181
Longhair, 11
permitted outcrosses, 184

Javanese, 11, 171
permitted outcrosses, 184

Kangaroo cat, 197
Karakul, 11
Karel Bobtail, 11
Karyologist, 19
Kashmir, 11
Korat, 11

permitted outcrosses, 184
Kuril Bobtail, 11

LaPerm, 11

Law of descent, 123-6
Laws of Heredity, 2-3
Lethal defects, 61, 185
Life cycle, 23

Liger, 5

Like to like mating, 84-5
Lilac color, 158

Lilac tabby, 161-2
Lilac tortoiseshell, 160
Line-breeding, 107
Lines, 89-90

Linkage, 49-51

Litter size, 15
Lockets, 151
Longevity, 15
Longhair Exotic, 11
Longhair fold, 11
Longhairs, 130, 175-6
Long-term inbreeding, 110
Lynx rufus, 7

Mackerel tabby, 3, 6, 136, 160
Maine Coon, 11, 156, 176
coat inheritance, 133
permitted outcrosses, 184
rexed, 11
Malayan, 11
Malay Cat, 11
Mannosidosis, 197
Manx, 6, 11
abnormalities in, 61
genetics, 181
mating, 61
permitted outcrosses, 184
taillessness, 197-8
Marbled Mist, 11
Marble tabby, 161
Masking of genes, 40-2, 163
Maternal impressions, 9
Ma_ting, 14-15
like to like, 845
random, 64
sib, 76-7
see also Checkerboard diagrams
Meiosis, 18-19
Mei Toi, 11
Melanin inhibitor, 142
Mendelism, 2-3
Memngoencephalocele, 198

Index

Mexican Hairless, 11
Microsatellites, 47
Mimic genes, 42-4
Minority breeds, 90
Missouri Rex, 11
Mitosis, 18

Molting, 128

Mongrels, 36

Mosaics, 1534
Mucopolysaccharidosis, 198-9
Multiple allelism, 37-9
Multiple recessive, 44-5
Munchkin, 11, 62, 186

Nebelung, 11

Neuroaxonal dystrophy, 199

Nomenclature, 3

Normal overlaps, 45

Norwegian Forest Cat, 11, 176
permitted outcrosses, 184

Nucleic acids, 25

Obligate carriers, 29
Ocicat, 11, 137, 161
permitted outcrosses, 184
Ohio Rex, 11
Ojos Azules, 11
Onion hair, 199
Orange coat color, 143-6
sterile black females, 145-6
tortoiseshell males, 144-5
Oregon Rex, 11, 128-9
coat inheritance, 132
Oriental Longhair, 172
Oriental Shorthair, 11, 171
Origin and hybridity, 4-8
early history, 4
Egypt, 4
originating wild species, 5-8
Rome, 4-5
Outcrosses, 183
permitted, 184

]];atella luxation, 200
edigrees, calculating inbreedi
12021 i i from,
counting generations, 126
Peke-Faced Persian, 11
Pelger-Huet anomaly, 200
Persian, 11, 175-6
permitted outcrosses, 184
Persistence of, 94-6
Petersburg Hairless, 11
Pets, 67
Phaeomelanin, 135, 138, 152, 162
conversion of eumelanin to, 159
Phenotype, 28-9, 32
Picbald white spotting, 148-50
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Pink-eyed dilution, 141
Pixie-Bob, 11
Pleiotropism, 49
Polycystic kidney disease, 90, 200-1
Polydactyly, 201
Polygenes, 55, 58-9

rufus, 58
Polygenic heredity, 94
Polygenic modifiers, 57-8
Poodle Cat, 11
Porphyria, 201-2
Prepotency, 834

grading-up and, 82-3
Progeny testing, 72-3
Progressive retinal atrophy, 202
Prussian Rex, 11
Puberty, 13
Pyloric stenosis, 202

Queens, 112, 113

Ragamuffin, 11
Ragdoll, 11, 178
permitted outcrosses, 184
Random assortment, 28
Random bred, 64-5
Random breeding, 64-5
Random mating, 64
Recessive monogenic heredity, 93
Recessive mutations, 35
Record keeping, 99-106
breeding, 1012
identification, 100-1
numbering systems, 105-6
purposes, 99-100
stud book, 102-5
Red and cream tabby, 1624
Red color, 15860
Red smoke color, 166-7
Renegade, 11

Reproduction and development, 13-23

chromosomes, 17, 23
estrus and coitus, 14-15
germ cell lineage, 15-16

heredity versus environment, 16-17

litter size, 15
longevity, 15
meiosis, 18-19
mitosis, 18
reproductive age, 13

sex chromosomes and sex determination,

19-21

sex development, 21-2
Reproductive age, 13
Rex, 2

genetics, 178-9

hair, 128-30

hairlessness in, 195

mimic genes in, 434

see also individual rex types

Rome, origins of cat in, 4-5
Rufism, 151
Rufus polygenes, 58, 159
Russian Blue, 11

permitted outcrosses, 184
Russian Hairless, 11
Rusting of black fur, 157

Sable, 139
Safari Cat, 11
Savannah, 11
Scottish Fold, 11, 180
permitted outcrosses, 184
Seal sepia, 139
Selection, 65-6
and total score, 667
family, 72-3
for inbreeding, 119
individual merit, 67-72
limits to, 85-7
of characters, 74-5
Self-colored breeds, 157-8
Selkirk Rex, 11, 130, 179
coat inheritance, 132
permitted outcrosses, 184
Serengeti, 11
Sex chromosomes, 19-21
Sex determination, 19-21
Sex development, 21-2
Sex-limited expression, 534
Sex-linked heredity, 51-3
Seychellois, 11
Shaded silver color, 1656
Siamese, 11, 17, 169-71
bent/short tail, 187
genotypes of colors, 170
permitted outcrosses, 184
squint in, 204

temperature dependence of coat color,

169
Siamese Rex, 179
Siberia Cat, 11
Siberian, 176

permitted outcrosses, 184
8ib mating, 76-7
Silver tabby, 138, 142, 161, 164-5
Simple inheritance, 26-30
Singapura, 12, 173

breeding, 65

permitted outcrosses, 184
Si-Rex, 12
Smoke color, 164
Snow Cat, 12
Snowshoe, 12, 178
Sokoke, permitted outcrosses, 184
Sokoke Forest Cat, 12
Somali, 12, 169

permitted outcrosses, 184
Sparse-fur, 202-3
Spasticity, 203

Spheroid lysosomal disease, 203
Sphingomyelinosis, 203
Sphynx, 10, 12, 179-80, 194-5
Split-foot, 2034

Spotted Mist, 12

Spotted tabby, 160

Squint, 204

Stud book, 102-5

Stud males, 734

Studs, 112, 113

Suqutranese, 12

Tabbies
coat color
agouti, 26-30, 162
blue, 161
brown, 160
chinchilla golden, 137, 165
chinchilla silver, 137, 165
chocolate, 161
cinnamon, 161
ghost pattern, 40, 41, 164
golden, 138
lilac, 161-2
mackerel, 3, 6, 136, 160
marble, 161
ocicat, 137, 161
red and cream, 162-4
silver, 138, 142, 161, 1645
spotted, 160 -
ticked, 136-7, 161, 167-8
color inheritance, 135-8
agouti, 1356
non-agouti, 137-8, 162
tabby striping, 135-7
genetics, 39, 160-2
mating, 26-30
Tandem selection, 68
Tapetum, 140, 149
Tarnishing, 142, 164
Tattooing, 100
Telgony, 9
Testicular feminization, 204
Thai-Bobtail, 12
T!J:eshold characters, 59-60
Ticked tabby, 136-7, 161, 167-8
Tiffanie, 12, 1734
Tiffany, 12, 1734
Tigron, 5
Timeline of breeds, 10-12

Index

Tonkinese, 12, 174
genetics, 38
permitted outcrosses, 184
Tortoiseshells, 21-2, 158-60
Abyssinian, 168
calico, 159
chocolate, 160
cinnamon, 160
creamy/blue cream, 15960
fawn, 160
lilac, 160
males, 144-5
chimeric cats, 145
somatic mutation, 144
XX and XY mixtures, 22, 145
XXY genotype, 144-5
mating, 51-2
Toxoplasmosis, 93
Toy-Bobtail, 12
Tremor, 204-5
Turkish Angora, 12, 172
permitted outcrosses, 184
Turkish Van, 12, 148, 178
permitted outcrosses, 184
Type, 156-7

Umbilical hernia, 205
Urals Rex, 12
Urolithiasis, 205-6
Ussuri, 12

Vibrissae, 127

lack of in Devon Rex, 129-30
Victoria Rex, 12
Visual pathway anomalies, 206

Weeping eye, 206
White/white spotted cats, 146-51
deafness in, 190-1
dominant white, 147-8
gloving, 150-1
lockets, 151
piebald white spotting, 148-50
Wire hair, 133

York Chocolate, 12

Zygote, 28
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