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Sry is the Y Chromosome (Chr)-linked, sex-determining locus 
responsible for testis determination in mammals (Gubbay et al. 
1990; Koopman et al. 1990, 1991; Sinclair et al. 1990). The gene 
is thought to contain a single exon consisting of a central DNA- 
binding motif (HMG box) 79 amino acids in length, and flanking 
sequences. The DNA sequence of the HMG domain is conserved 
across species of marsupial and placental mammals (Foster et al. 
1992; Gubbay et al. 1990; Sinclair et al. 1990; Whitfield et al. 
1993). However, flanking regions are not conserved even at lower 
taxonomic levels (Tucker and Lundrigan 1993; Whitfield et al. 
1993). In Old World mice and rats (subfamily Murinae), for ex- 
ample, the carboxy non-box region contains both perfect and im- 
perfect intervals of the trinucleotide repeat, CAG, and varies in 
length from 92 amino acids in the African rat (Hylomyscus alleni) 
to 313 amino acids in the house mouse (Mus musculus). Signifi- 
cant length variation is evident even when comparing Mus raus- 
culus with its sibling species, Mus domesticus. The carboxy non- 
box region in the latter species is considerably shorter, from 153 to 
155 amino acids (Coward et al. 1994). 

Experiments investigating sex determination in mice have in- 
volved the transfer of the Mus domesticus Y Chr onto the genetic 
background of C57BL/6J, a standard inbred laboratory mouse 
strain consisting of a mixture of the genomes of Mus musculus and 
Mus domesticus; the Y Chr of C57BL/6J is of Asian Mus musculus 
origin (Nagamine et al. 1992; Tucker et al. 1992). The transfer of 
different Mus domesticus Y Chrs onto the C57BL/6J background 
can result in either sex reversal, delayed development of the tes- 
ticular cord, or normal development (Biddle and Nishioka 1988; 
Biddle et al. 1991; Eicher et al. 1982; Eicher 1994; Nagamine et 
al. 1987; Washburn and Eicher 1983, 1989; Washburn et al. 1990). 

Recent studies have shown that Sry from Mus musculus and 
Mus domesticus differs in three respects: (1) there are seven single 
base pair differences, including a C-to-T transitional mutation at 
nucleotide position 9906 (numbers for nucleotide positions 
throughout the paper refer to the base pair positions of Sry in 
GenBank entry X67204) that results in the replacement of the 
amino acid glutamine in Mus musculus with a stop codon in Mus 
domesticus; (2) Mus musculus has one additional CAC repeat 
(8808-8810); and (3)there are differences in the number of CAG 
repeats in the intervals 8733-8765 and 8811-8846 (Coward et al. 
1994). However, only the number of CAG repeats in the interval 
8811-8846 has been found to vary within Mus domesticus (Cow- 
ard et al. 1994). This variation is correlated with the occurrence of 
delayed testis development and sex reversal when Mus domesticus 
Sry alleles are placed on a C57BL/6J genetic background, i.e., 
C57BL/6J and the normal functioning Mus domesticus alleles have 
12 CAG repeats in the interval 8811-8846, a Mus domesticus 
variant (AKR/J), which when crossed with C57BL/6J results in 
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males with delayed testicular formation [for details see Eicher 
1994], has 13 repeats in this region, and another Mus domesticus 
variant (ypos), which when crossed with C57BL/6J results in male 
sex reversal, has 11 CAG repeats. These data suggest that the 
number of CAG repeats in the interval 8811-8846, perhaps in 
conjunction with fixed allelic differences in Sry between Mus mus- 
culus and Mus domesticus, affects the normal functioning of Sry, 
at least on a hybrid Mus musculus x Mus domesticus genetic back- 
ground. 

Unstable trinucleotide repeats within or near the coding se- 
quence of several human disease genes (Aslanidis et al. 1992; 
Brook et al. 1992; Buxton et al. 1992; Fu et al. 1991, 1992; Harley 
et al. 1992; Koide et al. 1994; Kremer et al. 1991; Mahadevan et 
al. 1992; Martin 1993; Morell 1993; Nagafuchi et al. 1994; The 
Huntington's Disease Collaborative Research Group 1993; 
Verkerk et al. 1991), and one mouse gene (Ghosh et al. 1993), 
have been implicated in the deleterious functioning of those genes. 
Sty may be yet another gene whose function is affected by an 
unstable trinucleotide repeat sequence. 

In an effort to characterize the stability of Sty CAG repeat 
intervals 8733-8765 and 8811-8846 [the two longest intervals of 
the perfect repeat CAG in Sry] in natural populations of Mus 
domesticus, we surveyed sequence variation in the following wild 
caught animals: 13 Mus domesticus from a single barn population, 
12 Mus domesticus from three different outbuildings within sev- 
eral kilometers of each other, and an additional five Mus domes- 
ticus from geographically disjunct populations. The number of 
Mus domesticus sampled, their diploid chromosome number, and 
exact collecting locality are given in Table 1. 

Polymerase Chain Reaction (PCR) amplifications of regions of 

Table 1. Number of CAG repeats in the intervals 8733-8765 and 8811-8846 of the 
carboxy-terminal portion of Sry in populations of Mus domesticus. 

Number of CAG repeats 

Diploid Sample First Second 
Locality number size interval interval 

Italy: Molise; 6.1 km W 
by road of Bonefro, 
single barn 2N = 22 13 9 13 

Italy: Lazio; 11.4 km WNW 
by road of Cassino Train 
Station 3, out-buildings 2N = 40 12 9 13 

Egypt: Beheira Govt.; Wadi 
el Natrun 2N = 40 1 10 14 

Morocco: Tafilalt Oasis; 
Erfoud 2N = 40 1 11 20 

Switzerland: Orisons Canton; 
Zalende, Poschiavo 2N = 26 1 9 11 

United States: Maryland; 
Queen Anne's Co., 
Centreville 2N = 40 1 9 13 
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Sry containing the trinucleotide repeat were accomplished with the 
following primer pairs: forward 5 ' -GGCCATGTCAAGCGC- 
CCCATG-3') and reverse (5 ' -CACCAGTGATGTCAGCTGT- 
TAGTA-3'), and forward (5'-TCCTACACAGAGAGAAATACC- 
3") and reverse (5'-GCTGTTTGCTGTCTFTGTGCTAGC-3"). To 
ensure PCR amplification of a Y-specific band, male and female 
specimens of Mus domesticus were included in each PCR exper- 
iment. The Sanger dideoxy method of sequencing (Sanger et al. 
1977) with the Gibco BRL dsDNA Cycle Sequencing System was 
performed according to manufacturer's instructions. The forward 
sequencing primer (5 ' -TCCTACACAGAGAGAAATACC-3 ' )  
was used to sequence PCR products. 

No variation was found in the nucleotide sequence of the 13 
individuals trapped in a single barn near Bonefro, Italy (Table 1). 
All of these individuals possessed 9 CAG repeats in the first in- 
terval (8733-8765), and 13 CAG repeats in the second interval 
(8811-8846). Additionally, we found no variation among the 12 
males collected from three different outbuildings separated by a 
few kilometers in Cassino, Italy. Like the population fi'om Bone- 
fro, all individuals had 9 CAG repeats in the first interval and 13 
CAG repeats in the second interval (Table 1). 

In contrast to the within population samples, Mus domesticus 
from geographically disjunct populations differed in number of 
CAG repeats in both the first and second intervals (Table 1). 
Variation in the first interval ranged from 9 to 11 repeats, with the 
European and North American populations having 9 repeats, and 
the Egyptian and Moroccan populations having 10 and 11 repeats, 
respectively. Variation in the second interval ranged from 11 to 20 
repeats, with European and North American populations having 11 
or 13 repeats and the Egyptian and Moroccan populations having 
14 and 20 respectively. 

Comparison of these two longest intervals of CAG repeat in 
Sty suggests that these repeats are stable within local populations, 
but vary across geographically disjunct populations. Our earlier 
studies indicate that these two intervals may be the only polymor- 
phic regions of Sty in Mus domesticus (Lundrigan and Tucker 
1994). Variation in repeat number, in contrast to lack of variation 
in the portions of the gene composed of unique sequence, probably 
reflects the more rapid rate of mutation of repeat regions relative 
to regions of unique sequence. Trinucleotide repeat expansion (or 
reduction in rare cases) is thought to be the result of dynamic 
mutations (Richards and Sutherland 1994). The process of muta- 
tion is "dynamic" in the sense that the number of repeats initially 
present determines the probability that additional changes will oc- 
cur. 

The variability in the two repeat intervals among populations 
of Mus domesticus also suggests that testis determination in Mus 
domesticus is not dependent upon the strict conservation of these 
intervals. Although evidence linking variability in trinucleotide 
repeat number and disease genes is extensive, it must be noted that 
trinucleotide repeats are very common. They are found in at least 
50 human genes and within every animal studied (Morell 1993). 
The occurrence of nucleotide repeats and their maintenance 
through time suggest that they serve some functional role. King 
(1994) hypothesized that trinucleotide repeats may serve a regu- 
latory role, and that variation in the number of repeats within the 
normal functioning range of the gene may provide a mechanism 
for generating phenotypic variation within a population. Unstable 
repeat sequences may be an especially significant mechanism for 
generating genotypic variation in a Y-specific gene, such as Sty, 
that does not undergo recombination and is clonally inherited 
through paternal lineages. 

Although variation i n  CAG repeat length is correlated with 
delayed testis development and sex reversal, it is not known 
whether this polymorphism is responsible for the abnormal func- 
tioning of certain Mus domesticus Sty alleles on the C57BL/6J 
genetic background. A causative association would imply that the 
addition or deletion of even a single CAG can result in the abner- 

mal functioning of Sry (Coward et al. 1994). If this is indeed the 
case, it would be a unique example of a trinucleotide repeat region 
in which alteration of repeat number by deletion, as well as ex- 
pansion, disrupts the normal functioning of the gene. Alternatively, 
the correlation between variation in polyglutamine repeats and sex 
reversal may be coincidental, resulting from the fact that this re- 
peat region is quite variable in nature. 
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