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Abstract

Rexoid, curly hair mutations have been selected to develop new domestic cat breeds. The Selkirk Rex is the most recently
established curly-coated cat breed originating from a spontaneous mutation that was discovered in the United States in 1987.
Unlike the earlier and well-established Cornish and Devon Rex breeds with cutly-coat mutations, the Selkirk Rex mutation is
suggested as autosomal dominant and has a different curl phenotype. This study provides a genetic analysis of the Selkirk Rex
breed. An informal segregation analysis of genetically proven matings supported an autosomal, incomplete dominant expres-
sion of the curly trait in the Selkirk Rex. Homozygous cutl cats can be distinguished from heterozygous cats by head and body
type, as well as the presentation of the hair curl. Bayesian clustering of short tandem repeat (STR) genotypes from 31 cats that
represent the future breeding stock supported the close relationship of the Selkirk Rex to the British Shorthair, Scottish Fold,
Persian, and Exotic Shorthair, suggesting the Selkirk as part of the Persian breed family. The high heterozygosity of 0.630
and the low mean inbreeding coefficient of 0.057 suggest that Selkirk Rex has a diverse genetic foundation. A new locus for

Selkirk autosomal dominant Rex, SADRE, is suggested for the curly trait.
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Rexoid or curly pelage types have been identified in many
mammalian species including; mice (Dunn 1937; Taylor et al.
2000; Runkel et al. 2006), rats (Robinson 1981; Kuramoto
et al. 2010), horses (Scott 2004), rabbits (Diribarne et al.
2011), and dogs (Cadieu et al. 2009), often defining their
domesticated breeds and varieties. Most feline breeds were
developed for strictly aesthetic purposes and often one sim-
ple genetic variety, such as long hair or curly hair, is all that
is required to demarcate a new cat breed. As a result, several
rexoid—curly pelage mutations have been documented in
the domestic cat, including Cornish Rex (Searle and Jude,
1956), Devon Rex (Robinson 1969), German Rex (Robinson
1968), and Oregon Rex (Robinson 1972). The causative
mutations in the three rexoid mutants that have been suc-
cessfully developed into competitive breeds, the Cornish,
Devon, and German Rexes, have been identified (Gandolfi
et al. 2010 and Gandolfi B et al. unpublished data), and
Selkirk Rex is proven to be non-allelic in the respective
causative genes, P2RYS and KRT71, as no Selkirk Rex—spe-
cific mutations were identified. Two additional recent rex-
oid types, the American Wirehair and LaPerm, have been

developed into breeds but neither has been scientifically
documented. As proven by sequence analysis, the American
Wirehair and LaPerm rexoid mutants are also non-allelic to
Cornish, Devon, and German Rex but no association with
Selkirk Rex is yet proven. These three mutants could be
allelic or variants at different genes, Selkirk Rex and LaPerm
being the most phenotypically similar and both considered
as autosomal dominant mutations.

The Selkirk Rex curly coat is the most recent mutation of
any type in the domestic cat fancy that has successfully been
developed into an internationally recognized breed. According
to lay literature, the breed originated in 1987 from a domestic
shorthair cat that was rescued from a shelter in Sheridan, MT,
USA (Bass D, personal communication). The rescued cat
produced a curly-coated female kitten that was mated with
a Persian male, resulting in cutly- and normal-haired kittens.
This, as well as additional matings, suggested an autosomal
dominant mode of inheritance. The Selkirk Rex breed was
first recognized by major cat associations in the USA in the
early 1990s (Morris 1999; TICA 2010; Weaver 2010). Today,
registered Selkirk Rex breeders and their cats are found
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around the globe, including Europe, Australia, Russia, the Far
and Middle East, and South Africa.

Previous studies have used microsatellites, short tan-
dem repeats (STRs), and single-nucleotide polymorphisms
(SNPs) to genetically demarcate breeds and their relation-
ships to random-bred populations (Lipinski et al. 2008;
Menotti-Raymond et al. 2008; Kusushima 2011). Despite
the Selkirk Rex’s worldwide recognition, the genetic dis-
tinctness of this newly formed breed of cat has not been
established, currently perhaps a variety of Persian or British
Shorthair. The state of the genetic diversity of the breed will
help Selkirk Rex breeders to better plan continued breed
management programs. The objectives of this study are to:
1) characterize the mode of inheritance of the cutly trait,
and 2) access the breed’s genetic diversity, distinction, and
population structure. An informal segregation analysis and
STR data were generated and compared with existing data
from various cat breeds (Lipinski et al. 2008) to establish the
genetic baseline of the Selkirk Rex breed.

Materials and Methods
Studied Populations

Buccal samples from pedigreed Selkirk Rex were solicited
from breeders, which were collected using sterile cotton swabs.
Breeders were encouraged to submit pedigrees and samples
from complete litters, including both patrents and all kittens.
The curly-coat phenotypes, including straight, curly homozy-
gous, or cutly heterozygous, were determined by visual inspec-
tion by the owners. Cats were assumed to be homozygous for
their curl in accordance with their breeders’ impression of hav-
ing tighter, softer hair, an episode of massive hair loss in eatly
age, and a more slender body composition with bigger ears and
a generally less rounded appearance to the head.

Genotyping

Genomic DNA was isolated from buccal swabs using Nexttec
(Nexttec GmbH Biotechnologie, Larezhausen, Germany)
DNA isolation system, following the manufacturet’ instruc-
tions except with 200 uL lysis buffer and incubating at 60 °C
for 5h. Thirty-cight microsatellites were genotyped and
analyzed as in previous studies (Lipinski et al. 2007, 2008).
However, forward primers were fluorescently labeled with
6-FAM, HEX, and VIC dyes, exchanging VIC/PET with
HEX and HEX with VIC labels. Genotyping polymerase
chain reaction was conducted on MWG Primus 96 thermal
cyclers (Eurofins MWG Operon, Ebersberg, Germany) fol-
lowing the previously published thermocycling conditions
(Lipinski et al. 2008).

Population Statistics

A subset of 31 cats unrelated to the grand-parents level was
used for a population assessment study. All cats were either
intact or altered siblings of the actively breeding individu-
als. The population summary statistics of Hardy—Weinberg
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equilibrium (HWE), inbreeding coefficient (Fig), and
observed and expected heterozygosities were calculated using
GenAlEx v.6.3 (Peakall and Smouse 2006). Previously pub-
lished STR data (Lipinski et al. 2008; Kurushima 2011) from

other breeds were used for comparison.

Population Structure Analysis

Data sets were analyzed with the Bayesian clustering pro-
gram STRUCTURE (Pritchard et al. 2000) under the admix-
ture model with correlated allele frequencies and a burn-in
of 10 000 with 100 000 additional iterations. For worldwide
breed assessment, 30 breeds (IN = 786) were used and val-
ues of K were calculated from K = 1 to K = 6, each run
was replicated five times. For Western breed analysis, 19
breeds (# = 500) were included and values of K were cal-
culated from K =1 to K = 19, each run was replicated five
times. Posterior log likelihoods were used in the calculation
of AK to best estimate the number of ancestral populations
through the program Harvester (Evanno et al. 2005). All five
iterations were then combined through the program CLUMP
(Jakobsson and Rosenberg 2007) to create a consensus clus-
tering, The structure images were generated using the soft-
ware DISTRUCT (Rosenberg 2004).

Principal components analyses (PCA) were conducted
through the calculation of Nei’s genetic distance using the
software GenAlEx v.6.3 (Peakall and Smouse 20006). For
the PCA plots, both the data in the present manuscript and
data from previously studied cat breeds and the worldwide
random-bred populations were considered to show the rela-
tionship among cat breeds and their random-bred population
origins (Lipinski et al. 2008; Kurushima 2011).

Results and Discussion
Selkirk Rex Breed, Curly Phenotype, and Morphology

The Selkitk Rex is 2 medium-build cat breed with a round,
sturdy body type, wide-set eyes and ears, and a moderately
brachycephalic muzzle (Figure 1a). Recent registry census
suggest Selkirk Rex has a small but growing breed population
with 1581 cats being registered with The International Cat
Registry (TICA Executive Office, personal communication),
1371 cats registered with Cat Fanciers’ Association (CFA
2011), and 1291 cats registered with the Governing Council
of the Cat Fancy (GCCF 2011). All genetically possible
coat colors, patterns, and lengths are allowable in the breed.
Selkirk Rex cats are curly at birth (see Supplementary
Figure 1b online) and can easily be differentiated from their
straight-haired littermates by their curled whiskers (see
Supplementary Figure 1a online). The whiskers tend to break
easily and generally stay short into adulthood (Figure 1a,b).
The desired heterozygous cats exhibit a full randomly cutled
coat (Figure la,c) whereas homozygous Selkirk Rex cats
have a tight, soft, and wavy cutl, similar to the Cornish Rex
coat (Figure 1b,d). The Selkirk Rex has allowable outcrosses
with Persians, Exotic Shorthairs, British Shorthairs, and
British Longhair cats, depending on the specific cat registry
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Figure |. Phenotypes of the Selkirk Rex. (a) Adult heterozygous Selkirk Rex male, short-haired variety. The head morphology and
ear type of the heterozygous cat are more desired. (b) Adult homozygous Selkirk Rex. The head morphology and bigger ears of a
homozygous curled cat are not desired by the breed standard. (c) Desired cutly coat of a heterozygous curled cat. (d) Not desired curly
coat of a homozygous cat is more similar to Cornish Rex marcel wave.

Table |  Segregation analysis of cutly trait in the Selkirk Rex breed
Curly
Mating type ho ht Straight Total
Sire Queen Matings M F M F M F Male Female
Cutly ht Straight 8 0 0 13 10 6 10 19 20
Straight Cutly ht 6 0 0 4 9 5 13 12
Straight Curly ho 1 0 0 3 1 0 0 3 1
Total 15 0 0 20 18 15 15 35 33
Curly ht Curly ht 13 1 6 16 7 6 5 23 18
Cutly ht Curly ho 2 1 0 3 2 0 0 4 2
Total 15 2 6 19 9 6 5 27 20
All total 30 2 6 39 27 21 20 62 53

M, male; F, female; Curly cats were considered to be either heterozygous (ht) or homozygous (ho) for their hair curl by phenotype. Unavailable mating types

are not shown.

regulations. The length, density, and rigidity of the coat reflect
the recent outcross to other breeds. Additionally, homozygous
cats for the Selkirk Rex curl tend to lose their coat as kittens
but usually neither develop nor exhibit bald areas of skin
later in their lives. Cats assumed to be homozygous for the
curly trait appear to share a more slender body composition
and bigger ears (Figure 1b). Generally, breeders prefer the

heterozygous Selkirk Rex as they maintain the random thick
cutls and the round head morphology, which is in accordance
with the written standards. Stiff hair types tend to exhibit less
cutls than soft types, which are more preferred by breeders.
As in sheep and other wool and fleece animals, a measure
of hair crimp and fiber diameter may provide an objective
measure for Selkirk Rex hair types and subsequent selection.
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Segregation Analysis

A total of 129 DNA-sampled cats and 24 non-sampled cats
formed 30 litters, including parents, to evaluate the inheritance
of the curtly-coated trait (Table 1). Eleven cats were suspected to
be homozygous curly, 90 to be heterozygous cutly, and 52 to be
straight coated. Homozygous cutly to homozygous cutly type
matings, litters sired by homozygous curly males, and registered
straight hair (wild-type) litters were not available. All sampled
kittens were parentage confirmed by genotyping, Average
litter size was four kittens, ranging from two to seven kittens.
Interestingly, the average litter for the outcross litters (7 = 15),
including straight to heterozygous or homozygous curly, was
4.53 kittens, whereas litters that could produce homozygous
cutly cats (# = 15) had an average of 3.13 kittens. No significant
sex-bias was observed in the outcrosses, 35 male and 33 females
(P <0.05), orits gender distribution, 20 males, 18 females. Fifteen
matings of cutly to wild-type straight-haired cats produced 38
curly- and 30 straight-coated offspring with none of the kittens
matching the morphology of homozygous Selkirk Rex. Curly
males bred to straight females produced cutly females, excluding
a Y-linked inheritance, and these matings produced both curly-
and straight-coated females, excluding an X-linked mode of
inheritance. Thirteen matings of heterozygous to heterozygous
cats as defined by their phenotypes produced 26.83% (» = 11)
straight-coated and 73.17% (# = 30) curly-coated kittens, as
expected for a dominant trait. However, of the cutly kittens,
23.33% (n = 7) had morphology indicative of cats homozygous
for the curly trait, suggesting either a bias towards heterozygous
cats or a misrepresentation of cutl type, particularly in males
since male heterozygote cats seemed to be overproduced.
No straight to straight-coated mating produced cutly-coated
cats (data not shown). Three matings with one parent being
homozygous for cutl produced 100% cutly kittens.

An extended pedigree of 55 cats within the 220 sampled
could be constructed (Figure 2). All curly-coated cats in the
pedigree have at least one curly-coated parent. Both male and
female patrents produce male and female cutly-coated off-
spring, Nine curly male to curly female matings (three shown
in pedigree) produced straight-haired kittens, excluding a
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recessive mode of inheritance. Cutly females and curly males
produced curly offspring, male and female, when mated to a
straight-haired cat, excluding a sex-linked mode of inheritance
(se Supplementary Figure 2 online). Overall, the data support
an autosomal incomplete dominant mode of inheritance. As
no formal nomenclature committee exists for the cat, mouse
and human conversions were adopted and the locus name,
SADRE, is suggested to represent the Selkirk autosomal domi-
nant rex mutation. Based on 20 available pedigrees, the muta-
tion age is estimated to be an average of 8.4 generations from
the original cat with the curly mutation (data not shown), which
is consistent with the 1987 mutation origin, suggesting that the
breed has 2.8 yeats per generation. Although cats can be sexu-
ally active and conceive litters as eatly as 6 months, show cats
can be presented as kittens up to 1 year of age, therefore not
active breeders. Also, considering that not all cats contribute to
the breeding pool and some lines are abandoned, the estimated
mutation age and generation time seems a reasonable estimate.

Population Statistics

The phenotype for the 31 unrelated Selkirk Rex cats and geno-
types for the 38 STRs are presented in Supplementary Table 2
online. Three markers significantly deviated from HWE
(P < 0.001) but were considered in analysis. At the thresh-
old frequency of 0.01, one unique allele to the Selkitk Rex
breed was identified (FCA223, allele 213). The average num-
ber of alleles per loci was 5.935, ranging from 2 to 9. Average
allelic richness was 3.04. The Selkirk Rex has an observed het-
erozygosity (Ho) of 0.630, an expected heterozygosity (He)
of 0.654, and a mean inbreeding coefficient (Fig) of 0.057.
Locus-specific values are shown in Supplementary Table 3
online. In comparison to published diversity data, the Selkirk
Rex breed is a diverse breed. The observed heterozygosity and
number of alleles per locus of the Selkirk Rex were similar to
those of the Norwegian Forest Cat, Siberian, and Japanese
Bobtail breeds, as well as most random-bred populations.
Additionally, the inbreeding coefficient is low, suggesting that
the current breeding population is genetically diverse and rich.
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Figure 2. Pedigree of Selkirk Rex cats segtegating for cutled hair type. Cats with filled symbols are heterozygous cutled; cats with
stippled symbols are homozygous curled. Cats in parentheses did not have their DNA sampled and have unconfirmed parentage,

however completed the represented litters.
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Figure 3. Population genetics assessment of the Selkitk Rex breed. (a) Bayesian clustering of 30 recognized cat breeds at K= 3. The
Selkirk Rex clusters within the Western I group. Sokoke and Turkish Van, denoted by * and ** respectively, are breeds that group within
Western IT at K = 3 but form their distinct groups at higher K values. (b) Bayesian clustering of 19 Western breeds at K = 15. Selkirk
Rex clusters with breeds that belong to the Persian family. (c) Principal component analysis of the Persian family breeds. (d) Principal
component analysis of the Selkirk Rex breed, which shows the geographic distribution of the breed (BSH: British Shorthair, PER:
Persian, ESH: Exotic Short Hair, S. Fold: Scottish Fold, S. Rex: Selkirk Rex).

The Bayesian clustering and PCA are also in agreement
with the Selkirk Rex breeding history, grouping the Selkirk
Rex with the lineage of Western breeds (Figure 3a). The
Selkirk Rex formed a tight grouping with British Shorthairs,
Scottish Fold, Persian, and Exotic Shorthairs when only
Western breeds were analyzed (Figure 3b). A direct examina-
tion of the Persian family group indicated that Selkirk Rex
cats have strong influences from both Persian and British
Shorthair breeds, the current population having a slightly
stronger influence from British Shorthair (Figure 3b). The
association with the British Shorthair is concordant with the
subjective observation that the Selkirk Rex cats have an over-
all round body shape and more closely resembles the British
Shorthair than the Persian breed. Principal coordinate analy-
sis was concordant with Bayesian clustering, not differentiat-
ing the Selkirk Rex from the British Shorthair, Persian, Exotic
Shorthair, and Scottish fold breeds (Figure 3c). PCA was also
petformed within the Selkirk Rex breed, showing a division

between European and US outcrossed cats. Selkirk Rex cats
from the UK clustered with Persian cats from the USA,
whereas cats from Russia were closer to British Shorthairs
bred on continental Europe (Figure 3d).

Spontaneous mutations that cause novel morphologi-
cal traits often become the selective focus for new domes-
ticated breed development. Many mutations causing hair
abnormalities are documented in humans, dogs, and other
species (Cadieu et al. 2009; Gandolfi et al. 2010; Kuramoto
et al. 2010; Diribarne et al. 2011). Rexoid mutations cause
hair abnormalities through a major change in the hair folli-
cle, which leads to hair shaft anomalies. These abnormalities
cause a variety of phenotypes such as sparse hair (hypotti-
chosis), excessive hair (hypertrichosis), and absence of hair
(atrichia) (see review Shimomura 2010). Some hair mutants
have pleiotrophic effects and are more severe ectodermal
dysplasias, such as teeth loss in the Chinese Crested dog breed
(Drogemiiller et al. 2008). In the cat, other than undesired
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periodic patches of baldness, occasional seborrhoeic derma-
titis, and excessive yeast carriage (Bond et al. 2008; Ahman
and Bergstrom 2009), the cat has no other direct deleterious
effects in its curly-coated varieties.

Cat breeds like the Selkirk Rex are valuable populations
for genetic studies. Elucidation of the gene controlling the
curly hair trait will contribute to research into hair devel-
opment, follicle formation pathways, and potentially bald-
ness. The past 24 years of breed development that allowed
substantial outcrossing with assorted breeds encouraged all
color varieties and both long and short hair, and has estab-
lished a breed with a wide genetic foundation. Thus, the
breed history could be used as a model for new cat breed
development, especially when the breed defining mutation
is dominant. This defined genetic foundation will also allow
the breeders to monitor and assess the genetic diversity in
the future, supporting a breed management plan that would
prevent any loss of variation, which may potentially lead
to health concerns. These analyses indicate that the Selkirk
Rex has a sufficiently diverse genetic base that may support
some limitation to outcrossing, which may be beneficial for
the breed in developing a unique body and head morphol-
ogy. An outcrossing limitation can aid further differentiation
between the Selkirk Rex, the Persian, and British Shorthair
breeds. Because the Selkirk Rex is so closely related to the
Persian breed family, diseases, such as hypertrophic car-
diomyopathy (Meurs et al. 2009), polycystic kidney disease
(Biller et al. 1990; Eaton et al. 1997; Lyons et al. 2004), and
problems associated with a more than moderate degree of
brachycephalic, head shape (Gunn-Moore and Thrusfield
1995; Schlueter et al. 2009; Hartley 2010) should be moni-
tored in the Selkirk Rex. The Selkirk Rex breed can poten-
tially serve as a model for new breed development, and an
example for efficient and effective breed population man-
agement plans through an outcross allowance system.

Supplementary Material

Supplementary material can be found at

www.jhered.oxfordjournals.org/.
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