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The presence of a polymorphic [CA], dinucleotide mi- 
crosatellite repeat (Weber and May 1989) in the 3' un- 
translated region of the human dystrophin gene (Du- 
chenne muscular dystrophy locus, DMD) has been re- 
ported (Oudet et al. 1990; Beggs and Kunkel 1990). 
Sequence analysis of the murine dystrophin cDNA re- 
veals that this dinucleotide repeat is conserved be- 
tween species and is present at the same location in the 
mouse and human genes. We have found that the mu- 
rine dinucleotide repeat, designated UM11, is variable 
in length among separate mouse species and therefore 
represents a valuable marker for mapping the X Chro- 
mosome (Chr) in interspecific crosses (for example, 
Chamberlain et al. 1987). 

The published repeat in the 3' untranslated region 
of the human dystrophin cDNA has the sequence 
[CA]7TA[CA] 8 (Koenig et al. 1988). The correspond- 
ing dinucleotide repeat in DNA from C57BL/10 mice is 
[CA]I 7 followed closely by a second [CA]13. Recently 
Moore et al. (1991) searched Genbank 66.0 and found 
32 dinucleotide repeats conserved among different 
species of mammals. Only one of these sequences oc- 
curred in a coding region; the others were in introns or 
intergenic regions. It is unusual to have [CA]n repeats 
in mRNAs, and the conservation of the dystrophin 3' 
[CA]n repeat through evolutionary time is striking. It 
has previously been noted that the highest degree of 
sequence identity between the human and the chicken 
dystrophin cDNA sequences occurs not in the coding 
sequences but in the 5' end of the 3' untranslated re- 
gion (LeMaire et al. 1988). This is also true when the 
murine sequence (Chamberlain et al.: GenBank acces- 
sion #M68859) is included in the comparison. We 
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have observed that the stretch of greatest similarity 
between the mouse and human sequences ends imme- 
diately after the [CA]n repeat (Fig. 1), but that this 
[CA]n repeat is not present in the chicken sequence 
(LeMaire et al. 1988). The conserved location of a 
[CA] n repeat in the 3' untranslated region of the mouse 
and human dystrophin genes is intriguing, and it is 
tempting to speculate on potential roles for this se- 
quence in regulating mRNA expression or stability. 
However,  [CA]n repeats are found interspersed 
throughout the genomes of most eukaryotic species 
examined, and no functional role for any of these se- 
quences has yet been described. 

We used the polymerase chain reaction (PCR) to 
compare the length of the murine dystrophin 3' [CA]n 
repeat between several wild mouse species and com- 
mon inbred laboratory strains of mice. A stuttering 
pattern characteristic of PCR-amplified [CA], repeats 
is observed in each lane of the acrylamide gel (Fig. 2); 
the dark upper band in each lane corresponds to the 
full-length allele; fainter bands below are progressively 
decreased by [CA] units. All 12 of the tested inbred 
laboratory strains share the 233 bp allele predicted 
from the cloned C57BL/10 sequence (Figs. 2A and B). 
In Fig. 2A, the alleles of Mus musculus castaneus, 
Mus musculus molossinus, and Mus spretus are, re- 
spectively, 14 bp smaller, 6 and 36 bp larger than the 
233 bp allele. Figure 2B displays the clear resolution of 
species-specific alleles in several mice. We have tested 
four M. spretus individuals and observed four different 
allele sizes; in three animals a single allele was ob- 
served (+20, +24, and +36), and a fourth allele 
(+ 38) was present with the + 36 allele in a heterozy- 
gous M. spretus female. The expected parental alleles, 
233 bp and spretus +20, were seen in a CH3 x M. 
spretus female. Allele size differences down to 14 bp 
can be visualized by ethidium bromide staining of aga- 
rose gels without the use of radioisotopes (Fig. 3). Be- 
cause of the variability in the size of M. spretus alleles, 
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M:I 1,255 TAGGAAGCCTTTTCcACATGGCAGATGATTTGGGCAGAGCGATGGAGTCcTTAGTTTCAGTCATGA•AGATGAAGAAGGAGCAGAATAAA 
H:I 1,204 ....... T ............................................... A .................................. 

M: 11,345 TGTTTTACAACTCCTGATTCCCGCATGGTTTTTATAATATTCGTACAACAAAGAGGATTAGAcAGTAAGAGTTTACAAGAAATAAAATcT 
H: I 1,354 .......................................... A ........................................ . ...... 

M: I 1,435 ATATTTTTGTGi~GGGTAGT(3GTACTATACTGTAGATTTCAGTAGTTTCTAAGTCTGTTATTGTTTTGTTAACAATGGCAGGTTTTACAC 

H: 11,443 ........................ T ................................................................. 

[ 
M: 11,525 GTCTATGCAATTGTACAAAAAAGTTAAAAGAAAA... CATGTAAAATCTTGATAGCTAAATAACTTGCCATTTCTTTATATGGAACGCAT 

H:I 1,533 .......................... T ....... CTA ..................................................... 

M: 11,612 TTTGGGTTGTTTAAAAATTTATAACAGTTATAAAGAGAGATTGTAAACTAAAGTGTGCTTTAT. AAAAAAAGTTGTTTATAAAAACCCCT 

H:I 1,623 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A . . . . . . . . . . . . . . . . . . . . . . . . . .  A . . . . . . . . . . . . . . . . . . . . . . . . . .  

M: 11,701 AAACA. AACACACACGCACACACACACACACACACACACACACACACACACGCACACATACAq~3CA . . . . . . . . . . .  CGAACCCACCACA 
H : 1 1 , 7 1 3 - - - A - C - - A - - - A -  A . . . . . . . . . . . . . .  T . . . . . . . . . . . . . . .  . . . . . . .  -A--T-TG-G---GCGCATTGTTTT-C-T--. . . . . .  

M: 11,779 CACACACACACACACACACACACTGAGGCAGCACAT . . . . .  TGTTTTGCATTACTTTAGCGTGGTATTCATATGGAATTCATG 11,857:M 
H:I 1,790 . . . . . . . . . . . . . . . . . . . . . .  T-TT- - - G T G - T -  - C C A T A - - A A A - T -  - - G G  . . . .  T T - T - T T - T - G  . . . . .  TA--GAT-A- 11,85hH 

Fig. 1. Comparison of the mouse and human dystrophin 3' untrans- 3.2) with the Doolittle alignment program: dashes indicate identical 
lated regions from the stop codon [base 11,255 in mouse (Chamber- bases in the human (bottom) and the mouse (top) sequences; dots 
lain et al.: GenBank accession #M68859) and 11,264 in human indicate gaps. The murine PCR primers are represented by arrows 
(Koenig et al. 1991)] past the conserved [CA] n sequence. There are above the sequence. 
90 bases per line. The sequences were aligned by Eugene (version 

it is necessary to pre-size the parental alleles of any 
given interspecific cross before deciding whether typ- 
ing of F 1 animals will require the resolution afforded 
by acrylamide gels. 

[CA] n polymorphisms are valuable markers be- 
cause of their variability and ease of typing. The 2,4 
megabase human dystrophin gene spans approxi- 
mately 12 cM of the X Chr, and [CA], repeats were 
recently shown to be highly informative for haplotyp- 
ing and mutation detection of DMD-affected males and 
carrier females (Abbs et al. 1990; Clemens et al. 1991). 
The murine dystrophin gene is of similar physical size 
to the human locus (J.S. Chamberlain, unpublished); 

however, few polymorphisms are available for the mu- 
fine locus (Chamberlain et al. 1987). [CA] n repeat lo- 
cus U M l l  at the 3' end of the mouse gene should 
prove to be a valuable X-linked marker for interspe- 
cific mouse crosses. 
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Fig. 2. Amplification of the dinucleotide repeat from cloned C57BL/ 
10 dystrophin cDNA (Dmd eDNA), and genomic DNA from the 
indicated species and laboratory strains of mice. The CA strand was 
labeled by incorporation of a riP-end-labeled PCR primer (Weber 
and May 1989); PCR conditions were 30 s at 92~ 30 s at 57~ and 
30 s at 72~ for 30 cycles (20 cycles for cloned DNA). Analysis was 
on a 6% denaturing polyacrylamide sequencing gel with overnight 
autoradiography. (A) The results obtained with DNA from seven 

inbred laboratory mouse strains and three wild mouse species. To 
the right is indicated the size of each PCR product relative to the 233 
bp allele. (B) In a separate experiment five additional inbred mouse 
strains also displayed the 233 bp allele found in the C57BL/10 DNA. 
Four unrelated M. spretus individuals displayed four separate alleles 
(left to right: +20 bps, +24 bps, +36 bps, and a +36/+38 bp 
heterozygote). Also shown is the resolution of alleles from a C3H x 
M. spretus F x female DNA sample. 
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Fig. 3. Resolution of unlabeled PCR products on an ethidinm bro- 
mide-stained gel (2% NuSieve, 1% LE agarose; FMC Bioproducts, 
Rockland, Me.). From left to fight, the M.m. molossinus, M.m. 
castaneus, and M. spretus alleles are 6 bp larger, 14 bp smaller, and 
36 bp larger than the 233 bp C57BL/10 allele. With this type of gel 
the M.m castaneus and M. spretus alleles are resolved from the 
C57BL/10 allele. 
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