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ABSTRACT
To identify the callipyge mutation, we have resequenced 184 kb spanning the DLKI-, GTL2-, PEGII-,
and MEG&imprinted domain and have identified an A-to-G transition in a highly conserved dodecamer
motif between DLKI and GTL2. This was the only difference found between the callipyge (CLPG) allele
and a phylogenetically closely related wild-type allele. We report that this SNP is in perfect association
with the callipyge genotype. The demonstration that Solid Gold—the alleged founder ram of the callipyge
flock—is mosaic for this SNP virtually proves the causality of this SNP in the determinism of the callipyge

phenotype.

HE callipyge phenotype is an inherited muscular

hypertrophy that was first reported in 1983 in a
Dorset ram (Solid Gold), which transmitted this remark-
able phenotype to some of its descendants. The trait
reflects an increase in the proportion and diameter of
fast twitch myofibers and manifests itself at ~4 weeks
of age. Expression of the callipyge phenotype was shown
to be fully determined by a single locus on distal
OAR18q and to be subject to an unusual mode of inheri-
tance called “polar overdominance,” in which only het-
erozygous individuals inheriting the callipyge (CLPG)
allele from their sire (+"*/CLPG™ genotype) exhibit
the muscular hypertrophy (COCKETT et al. 1996). We
recently demonstrated that the CLPG mutation en-
hances the expression of a cluster of four imprinted
genes (DLKI, GTL2, PEGI1, and MEGS) in cis without
affecting their imprinting status (CHARLIER et al. 2001a).
This leads to a unique expression profile for +"/
CLPG™ individuals, which is thought to cause the calli-
pyge phenotype. On the basis of these results, we hy-
pothesized that the CLPG mutation affects a shared lo-
cus control element. Recently, a single nucleotide
polymorphism (SNP) has been reported in an inbred
ram of callipyge phenotype postulated to have inherited
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chromosome segments identical by descent with the
exception of the mutated position (FREKING et al. 2002).
We herein report the finding of the same mutation in
an independent effort and provide additional evidence
supporting its causality.

To identify the CLPG mutation, we sequenced 184 kb
spanning the DLKI, GTL2, PEGII, and MEGS genes
from a CLPG allele as well as from a phylogenetically
closely related wild-type (“+!”) allele. The sequence of
the CLPG allele was obtained by cycle sequencing 209
partially overlapping PCR products averaging 1018 bp
amplified from genomic DNA of a CLPG/CLPG individ-
ual. The “+'” allele was likewise obtained from genomic
DNA of a +"/CLPG" individual (with callipyge pheno-
type) that was homozygous for eight SNPs previously
reported in the DLKI, GTL2, PEGI1, and MEGS genes
(CHARLIER et al. 2001b), as well as for five flanking
microsatellite markers (OY15, OY3, BMS1561, IDVGA30,
and CSSM18; FAHRENKRUG et al. 2000; SHAY et al. 2001).
The resulting CLPGand “+'” sequences were compared
with a previously reported wild-type sequence (“+2”)
obtained from bacterial artificial chromosome clones
covering the region (CHARLIER ef al. 2001b; Figure 1A).
A comparison of the “+2” allele with the “+'” and CLPG
alleles revealed 320 and 321 differences, respectively
(reported in updated GenBank accession no. AF354168).
The CLPG and “+'” sequences, however, were identical
over their entire length with the exception of a single
A-to-G substitution located 32,775 bp upstream of GTL2.
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FIGURE 1.—(A) ViewGene (KASHUK et al. 2002) representation of 184 kb spanning the DLKI-GTL2imprinted domain showing
the location of the DLKI, GTL2, PEGI11, and MEGS genes; LINE, SINE, and simple sequence repeats; moving average [G + C]
content; as well as the DNA sequence polymorphisms [sorted in transitions (TI), transversions (TV), insertions (INS), and
deletions (DEL)] observed when (i) comparing the “+'” and “+?” alleles and (ii) comparing the “+'” and “CLPG” alleles. (B)
Comparison of the sequence spanning the SNP* among 13 mammalian species, showing the highly conserved dodecamer

motif. (C) SNP“¢ genotype frequencies in 169 control individuals from 13 breeds, showing the absence of the G allele.

This SNP, which has also been reported by FREKING et
al. (2002), is referred to hereafter as SNPC,

Using primer sequences derived from the alignment
of the orthologous human, mouse, and sheep sequences
(GenBank accession nos. AL117190, AJ320506, and
AF354168, respectively), we amplified and sequenced
~200 bp spanning the SNP position for 10 additional
mammalian species (GenBank accession nos. AY167893—
AY167902). This demonstrated that the SNPF¢ affects
the third position of a perfectly conserved, supposedly
functional dodecamer motif (Figure 1B).

We developed a PCR-restriction fragment length poly-
morphism test (using Avall) for the SNP°“ and geno-
typed a cohort of 169 individuals representing 13 dis-
tinct breeds as well as >200 individuals from our
callipyge flock (SHAY et al. 2001). The G allele was shown
to be a “private” allele, encountered exclusively in the
callipyge flock. In this flock, the SNP°"C genotype was

in perfect agreement with the callipyge genotype as
deduced from phenotype and/or flanking marker data.
Individuals with the callipyge muscular hypertrophy
(+M/CLPG™) were all heterozygous “A/G,” while phe-
notypically normal individuals were “A/A” when pre-
dicted to be of +*/+™ genotype (on the basis of flank-
ing marker data), “A/G” when predicted to be CLPG"/
+™ and “G/G” when predicted to be CLPG™ /CLPG™
(data not shown). Note that we genotyped 11 Carwell
sheep, a breed known for an inherited muscular hyper-
trophy of the rib eye that also maps to OAR18q. Al-
though 4 of these animals exhibited the Carwell muscu-
lar hypertrophy phenotype, none of them carried the
G allele.

To further test the possible causality of the SNP/¢
in the determinism of the callipyge phenotype, we geno-
typed Solid Gold—the alleged callipyge founder ram—
using genomic DNA extracted from leucocytes. Solid
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Gold proved to carry the G allele as expected, but to
our surprise he exhibited an allelic ratio of the A-to-G
alleles that clearly departed from the expected 1:1 ratio.
The proportion of G allele in Solid Gold’s DNA was
estimated more precisely by hot-stop PCR (UEJIMA et al.
2000) at ~20% (Figure 2A). None of the heterozygous
animals tested in our callipyge flock demonstrated any
evidence for such an allelic imbalance. This indicated
that Solid Gold was either chimeric or mosaic. As leu-
cochimerism resulting from placental anastomoses be-
tween dizygotic twins is common in ruminants, we geno-
typed Solid Gold for a battery of 10 highly polymorphic
nonsyntenic microsatellite markers. We did not find any
evidence for the presence of three or four alleles, as
expected in the case of leucochimerism, allowing us to
exclude this hypothesis.

We then genotyped Solid Gold, one of his callipyge
sons, and two of his callipyge grandsons for microsatel-
lite markers flanking the DLKI-GTL2 domain. Solid
Gold was shown to transmit the G allele in association
with the marker haplotype known from previous studies
to be associated with the CLPG allele (Figure 2B). No
evidence could be found, however, for an allelic imbal-
ance of any of the flanking microsatellites.

Taken together, these results indicate that Solid Gold
is (A/A + G) mosaic for the SNP“™, suggesting that the
A-to-G transition occurred during its early embryonic
development. This hypothesis is corroborated by the
report that only 10% of the 150 offspring produced
by Solid Gold were callipyge, suggesting that he was a
germline mosaic as well (A. MOFFAT, personal communi-
cation).

The demonstration that the only mutation that differ-
entiates the CLPG allele from a phylogenetically related
wild-type allele occurred during the early embryonic

development of the founder ram of the callipyge flock
virtually proves the causality of the SNP“" in the deter-
minism of this fascinating phenotype.
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