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THE SIAMESE
PHENOTYPIC VARIATION = GENETICS + ENVIRONMENT

A basic concept of genetics is - the interaction between genes and the
environment (GxE) produces the variation seen in the phenotype of an

College
of individual. Although someone may have “good genes”, we do have to
Veterinary remember “you are what you eat”. Siamese, Burmese and Tonkinese
Medicine, cats are a perfect example of the interaction between a gene and its
University environment.
Wi el . The Color locus (C) in mammals encodes for the gene called tyrosinase
Issourli

(TYR).! Cats have TYR DNA variants causing the temperature-sensitive
colorations of the sable Burmese (c’c?) and the “points” of the Siamese
(c°c°)%? (OMIA 000202-9685) and recently, the mocha colored Burmese
(c™c™).4

These breeds originated in Thailand and are known as the Suphalak
(Burmese), Wichien-maat (Siamese) and Wila Krung Thep is suggested
for the name of the Si Mai Thong (mocha) colored cats.> Two complete
albino variants (c, ¢?) are also known in TYR for cats (OMIA 000202-
9685).%7

For the well-known Siamese ‘pointed’ phenotype is c’c’; the fur is
pigmented only at the extremities (tail, paws and a 'mask' on the face),
the torso coloration is very light to white, and the lack of pigmentation
produces blue eye color.®*' Burmese is an allelic variant (c®) that is less
temperature-sensitive, producing more pigment throughout the torso.*?

The sable Burmese (c’c?) also has “points”, which are less noticeable
because of the overall greater color production on the body.

The Tonkinese (c’c®), is termed a compound heterozygote, having once
copy of the Siamese allele and one copy of the Burmese allele and has
an intermediate color gradient phenotype to Burmese and Siamese.!?

Several cat breeds are fixed for the thermolabile albinism alleles,
including Burmese and Singapura for the ¢ allele, and Siamese, Birman,




/344

Two early examples of Himalayan pattern Rabbits, dating from 1903.
Above: HIMALAYAN, Challenge Cup, Crystal Palace. Owner, F Avard. Below: SIBERIAN RABBIT.
‘Rabbits, Cats & Cavies’ (1903) by Charles H. Lane. Illustrations by Rosa Bebb.

Colorpoints, and Himalayan (pointed Persians) for the ¢ allele. Over 13 cat
breeds have desired segregation for the c* and/or c” alleles.'14

Animals with this thermolabile type of “albinism” are called acromelanistic —
Greek (akro — meaning top or point). The Himalayan rabbit phenotype was
first published in 1857 in Europe, also known as the Black Nosed Rabbit from
China®® and was also described by Charles Darwin and others'®’. The
inheritance of the pattern was determined as recessive by several early
geneticists studying cats®'?, Himalayan rabbits'®?® and guinea pigs.t’?1?2
Likely, the Himalayan cat breed (pointed Persians) borrowed the name from
the Himalayan rabbits.

The DNA variants causing similar temperature-sensitive acromelanism
phenotypes have been identified in the Himalayan mouse?3, rabbit?*, gerbil?,
mink?®, and human.?’ The Siamese ‘pointed’ phenotype was demonstrated to
be associated with (linked) to hemoglobin (HBB) protein variants in the cat.?®
TYR is on the same chromosome in cats as HBB, thus, TYR was suggested as
the gene causing the Siamese phenotype. After this discovery, all other
animals with the same “points” or “Himalayan” phenotype investigated the
TYR gene and found the causal DNA variant!
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The trait locus was originally designated the Color locus (C). The C allele is
completely dominant with normal color presentation. Breeding data from
cats suggested an allelic series with at least three alleles, C > ¢ > ¢£.%°

The DNA variant associated with the Siamese phenotype is an exon 2 guanine
to adenine nucleotide transition changing the glycine to an arginine amino
acid (G302R) in the protein. 23

The DNA variant associated with the Burmese phenotype (c.679G>T;
p.Gly227Trp) is an exon 1 guanine to thymidine nucleotide transversion
changing the glycine to a tryptophan amino acid.

The mocha variant appears to interact with the temperature-sensitive alleles
but also produces a more even, lighter coloration and is less thermally labile
when homozygous. This variant introduces two novel amino acids and
deletes 39 amino acids of exon 2, which causes a 37-amino-acid deletion
(c.820_936delinsAATCTC (p.lle274 Leu312delinsAsnlLeu).

The current allelic series is consider C (full color) > ¢® (Burmese) = ¢* (Siamese)
> ¢, ¢? (albinos), but, not all allelic combinations have been produced, thus,
the complete interactions and the amount of dominance is not entirely
understood.*

TYR is an enzyme, implying it causes (catalyzes) a chemical reaction. TYR
uses a non-essential amino acid called tyrosine, which itself is made from the
essential amino acid phenyalanine, which is commonly found in many high-
protein food products, such as, chicken, turkey, fish, and milk.

TYR is a copper-containing enzyme present in plant and animal tissues that
catalyzes the production of melanin and other pigments from tyrosine by
oxidation. This enzyme is found inside a small organelle called a
melanosome, which are synthesized in the skin cells that make pigment -
melanocytes.! Melanocytes are also found in the iris and the tapetum of the

eye, thus, the color variation affects these cells — a plieotrophic effect.
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Siamese cats have blue eyes and red eye-shine, Burmese and Tonkinese are
more intermediate to full eye color and full eye shine. The optic nerves are
also affected, the variants interfering with the normal development of the
optic chiasma, which can lead to cross-eyes (strabismus) and shaking eyes
(nystagmus).3%31

Studies in Himalayan mice demonstrated the environmental effects of the
TYR DNA variants.3? Pigment synthesis only occurs in actively growing hair.
Housing adult and juvenile mice at 15°C (59°F) produced pigment in growing
hair follicles whereas mice housed at 30°C (86°F) were absence of pigment
granules in the growing hair follicles.

An early study on Siamese also demonstrated cats that were raised outside
at 3°C (37°F) — 13°C (55°F) and never above 16°C (61°F) had very dark
coats.?® All pointed / Himalayan animals are born all white at birth.

In cats, the kittens are developing at the mother’s body temperature, which
is ~¥38°C (101°F), no pigment is produced in the fur and kittens are born all
white. However, as kittens mature and they molt and regrow their fur, they
begin to develop their point coloration. As cats age, circulation gets poorer,
skin gets thinner, more coloration develops beyond the points. Areas of the
fur that have been shaved or damaged will often grow in a different color
and remain until a full mottling of the fur.

The Siamese cat is another example of how the domestic cat helped to
develop and understand the basic concepts of genetics. The cat’s variants
in tyrosinase explain, co-dominance, recessive, plieotrophic effects,
environmental effects and variable expression. They also demonstrate how
a simple coat color can be important to understanding the biology of all
mammals and the diverse roles of pigment genes of other physiology of the
organism.
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A SAMPLING OF BREEDS THAT ARE THE INHERITORS OF THE HIMALAYAN POINTED COAT PATTERN
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Left: Blue-Point Exotic Shorthair, bred by Alex Luk Chun Lap. Right: Seal-Point Templecat, bred by Cheryl Davies-Crook
All photos courtesy of the breeders/copyright holders.




