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ABSTRACT
We herein describe the fine mapping of an imprinted QTL with major effect on muscle mass that was

previously assigned to distal SSC2p in the pig. The proposed approach exploits linkage disequilibrium in
combination with QTL genotyping by marker-assisted segregation analysis. By identifying a haplotype
shared by all “Q” chromosomes, we map the QTL to an �250-kb chromosome segment containing INS
and IGF2 as the only known paternally expressed genes. This considerably reinforces the candidacy of
these genes, justifying their detailed analysis.

QUANTITATIVE trait loci (QTL) mapping has be- using “clones” (e.g., recombinant inbred lines; Darvasi
1998), by means of progeny testing (e.g., Georges et al.come a preferred approach toward the molecular

dissection of quantitative traits, whether of fundamen- 1995), or by marker-assisted segregation analysis (e.g.,
Riquet et al. 1999).tal, medical, or agronomic importance. A multitude of

chromosomal locations predicted to harbor genes in- Recently a QTL with major effect on muscle mass and
fat deposition was mapped to the distal end of chromo-fluencing traits of interest have been identified using

this strategy (e.g., Andersson 2001; Flint and Mott some arm SSC2p in the pig (Jeon et al. 1999; Nezer et
al. 1999). The most likely position of the QTL was shown2001; Mackay 2001; Mauricio 2001). In most cases,

however, the mapping resolution is in the order of the to coincide with a chromosome region that is ortholo-
gous to HSA11p15 in the human, which is known totens of centimorgans, which is insufficient for positional
harbor an imprinted domain. QTL analyses performedcloning of the underlying genes. High-resolution map-
with imprinting models strongly suggested that the un-ping of QTL therefore remains one of the major chal-
derlying gene was indeed imprinted and expressed onlylenges in the genetic analysis of complex traits.
from the paternal allele (Jeon et al. 1999; Nezer et al.Three factors limit the achievable mapping resolu-
1999). The human 11p15 imprinted domain is knowntion: marker density, crossover density, and the ability
to contain at least 9 imprinted transcripts. Three of theseto deduce QTL genotype from phenotype. Increasing
are paternally expressed: LIT-1 (KVLQT1-AS), IGF2, andmarker density may still be time-consuming in many
IGF2-AS (e.g., Reik and Walter 2001). Fifteen imprintedorganisms but is conceptually the simplest bottleneck
transcripts are known to map to the orthologous domainto resolve. Two options are available to increase the
on distal mouse chromosome MMU7, of which 4 arelocal crossover density: breed recombinants de novo or
paternally expressed: Lit-1 (Kvlqt1-as), Ins2, Igf2, andexploit historical recombination events; i.e., use linkage
Igf2-as (e.g., http://www.mgu.har.mrc.ac.uk/imprinting/disequilibrium (LD). The former approach is generally
imprinting.html; Onyango et al. 2000). Because of itsused with model organisms that have a short generation
known function in myogenesis (Florini et al. 1996),interval (e.g., Darvasi 1998), while the latter is the only
IGF2 stood out as a prime positional candidate. How-practical alternative when working with human or large
ever, no sequence variations that could account for thelivestock species. Optimal use of LD to fine map QTL
observed QTL effect were found in the coding parts ofin outbred populations is presently an area of very active
the porcine IGF2 gene (Jeon et al. 1999; Nezer et al.research (e.g., Ardlie et al. 2002). The ability to deduce
1999).QTL genotype from phenotype can be improved by

To refine the map position of this QTL and to verify
whether its position remained compatible with a direct
role of the IGF2 gene, we applied an approach targeting
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q allele substitution effect. |a| was set at zero when computingsome region of interest; (ii) we determined the QTL
L H0

and at 2.0% when computing L H1
(Nezer et al. 1999). Thegenotype of a number of individuals by marker-assisted

sign of a (� or �) was selected to maximize LH1
. Boars were con-segregation analysis; and (iii) we applied a LD-based

sidered to be Qq when Z � 2, QQ or qq when Z � �2, and of
haplotype-sharing approach to determine the most undetermined genotype if 2 � Z � �2.
likely position of the QTL. This approach is analogous Linkage disequilibrium analysis: Probabilities for two chro-

mosomes to be identical by descent (IBD) at a given mapto the one that was previously applied by Riquet et al.
position conditional on flanking marker data were computed(1999) to refine the map position of a QTL influencing
according to Meuwissen and Goddard (2001). The effectivemilk production in dairy cattle. It makes the assumption
population size (Ne) was set at 200 on the basis of estimates

that the observed QTL effect is due to the segregation of Ne determined from LD data (N. Harmegnies, unpublished
of a QTL allele with major substitution effect (“Q”) that observations) and the number of generations to the base popu-

lation at 20. A multipoint test for association was performedappeared by mutation or migration g generations ago
using the DISMULT program described in Terwilligerand swept through the populations as a result of artificial
(1995).selection. As a consequence, at the present generation,

n chromosomes carrying the Q allele are expected to
share a haplotype of size �2/ng (in morgans) contain-

RESULTS
ing the QTL (Dunner et al. 1997).

By doing so we have identified a shared haplotype QTL genotyping by marker-assisted segregation anal-
ysis: We genotyped a series of paternal half-sib families,spanning �250 kb that is predicted to contain the quan-

titative trait nucleotide (QTN; Mackay 2001). The cor- counting at least 20 offspring for two microsatellite
markers located on the distal end of chromosome armresponding chromosome segment contains INS and

IGF2 as the only known paternally expressed genes. This SSC2p: SWR2516 and SWC9 (Jeon et al. 1999; Nezer
et al. 1999). These families originated either from aconsiderably enforces the candidacy of these two genes

and demonstrates that LD can be exploited to map previously described Piétrain � Large White F2 pedigree
(Nezer et al. 2002) or from two composite pig linesQTL in outbred populations to chromosome intervals

containing no more than a handful of genes. derived from Large White and Piétrain founder animals
(N. Buys, personal communication).

The pedigrees from sires that were heterozygous for
MATERIALS AND METHODS one or both of these markers were kept for further

analysis. Twenty such pedigrees could be identified forPedigree material and phenotypic data: The pedigree mate-
a total of 941 animals. Offspring were sorted in threerial used for this work was composed of a subset of a previously
classes on the basis of their marker genotype: “L” (leftdescribed Piétrain � Large White F2 pedigree (Hanset et al.

1995; Nezer et al. 2002), as well as a series of paternal half- homolog inherited from the sire), “R” (right homolog
sib pedigrees sampled in commercial lines derived from the inherited from the sire), or “?” (not informative or re-
Piétrain and Large White breeds (N. Buys, personal communi- combinant in the SWR2516-SWC9 interval).cation). In the F2 animals, percentage of lean meat was mea-

Offspring were slaughtered at a constant weight ofsured as “percentage of lean cuts” as previously described
�105 kg, and a series of phenotypes were collected(Hanset et al. 1995), while in the commercial lines percentage

of lean meat was measured as “Piglog” corresponding to on the carcasses, including percentage of lean meat,
(63.6882 � 0.4465 a � 0.5096 b � 0.1281 c), where a is measured as either percentage of lean cuts (experimen-
millimeters of backfat measured between the third and fourth tal cross) or Piglog (composite lines; see materials andlumbar vertebra at 7 cm from the spine, b is millimeters of

methods).backfat measured between the third and fourth last rib at 7
We then computed the likelihood of each sire familycm from the spine, and c is millimeters of loin thickness,

measured at same position as b. under two hypotheses: H0, postulating that the corre-
Marker-assisted segregation analysis: The QTL genotype of sponding boar was homozygous at the QTL, and H1

each sire was determined from a Z-score, corresponding to postulating that the boar was heterozygous at the QTL.the log10 of the likelihood ratio L H1
/L H0

, where LH1
corresponds

Assuming a biallelic QTL, H0 corresponds to QTL geno-to the likelihood of the pedigree data assuming that the boar
types QQ or qq, and H1 to genotype Qq. Likelihoods wereis of Qq genotype, and L H0

corresponds to the likelihood of
computed using percentage of lean meat as phenotypethe pedigree data assuming that the boar is of QQ or qq geno-

type. The corresponding likelihoods were computed as (as the effect of the QTL was shown to be most pro-
nounced on this trait in previous analyses) and assuming

L � �
n

i�1

1

√2��
e(�(yi�(y �0.5a))2)/2�2 �

m

j�1

1

√2��
e(�(yj�(y �0.5a))2)/2�2. a Q to q allele substitution effect of 2.0% (Nezer et al.

1999). If the odds in favor of one of the hypotheses were
In this n is the number of informative offspring having superior or equal to 100:1, the most likely hypothesis was

inherited the “left” homolog from their sire, m is the number considered to be true (see materials and methods).
of informative offspring having inherited the “right” homolog Using these rules, we could determine the QTL geno-
from their sire, yi ( j ) is the phenotype of offspring i ( j), y is the

type for 14 of the 20 boars. Seven of these proved toaverage phenotype of the corresponding pedigree computed
be heterozygous Qq and the other 7 to be homozygousover all (informative and noninformative) offspring, � is the

residual standard deviation maximizing L, and a is the Q to and thus of either QQ or qq genotype (Figure 1).
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Figure 1.—QTL genotyping by
marker-assisted segregation analy-
sis. The graphs show, for 14 pater-
nal half-sib pedigrees (P1, P2, . . . ,
P14), the phenotypic mean 	2
standard errors of the offspring
sorted in two groups according to
the homolog inherited from the
sire. The number of offspring in
each group is given above and un-
der the error bars, respectively.
The top graph corresponds to the
boars that were shown to be het-
erozygous Qq for the QTL and the
bottom graph to the boars that
were shown to be homozygous at
the QTL. Pedigrees for which the
percentage of lean meat was mea-
sured as percentage of lean cuts
(Nezer et al. 2002) are marked by
L (left axis), those for which “Pig-
log” was used (see materials and
methods) are marked by R (right
axis). The graph reports a Z-score
for each pedigree, i.e., the log10 of
the H1/H0 likelihood ratio where
H1 assumes that the boar is hetero-
zygous Qq for the QTL, while H0

assumes that the boar is homozy-
gous QQ or qq. Q alleles associated
with a positive allele substitution
effect on percentage of lean meat
are marked by a diamond, q alleles
by a circle. The number within the
symbols differentiates the Q and q
alleles according to the associated
marker haplotype (see results
and Figure 2).

Constructing a physical and genetic map of the por- corresponding primer sequences were derived from the
porcine genomic sequence when available (Amargercine ortholog of the human 11p15 imprinted domain:

We developed porcine sequence-tagged sites (STS) et al. 2002) or from porcine expressed sequence tags
(EST) that were identified by BLAST searches using theacross the orthologous region of the human 11p15 im-

printed domain. The SWC9 marker was known from human orthologs as query sequences (Table 1).
We screened a porcine bacterial artificial chromo-previous studies to correspond to a (CA)n microsatellite

located in the 3
 untranslated region (UTR) of the por- some (BAC) library (Fahrenkrug et al. 2001) by filter
hybridization, using (i) human cDNA clones corre-cine IGF2 gene (Jeon et al. 1999; Nezer et al. 1999;

Amarger et al. 2002). Fourteen novel STS were devel- sponding to genes know to map to 11p15, as well as (ii)
some of the 19 previously described porcine STS. Sixoped in genes [TSSC5, KVLQT1 (3�), CD81, TH (2�),

INS (3�), IGF2 (3�), and H19] and 5 in intergenic of the identified BACs were shown by PCR to contain
at least one of the porcine STS available in the regionregions [IG(IGF2-H19), IG(H19-RL23mrp) (4�)]. The
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Figure 2.—(A) Schematic representation of the human 11p15 imprinted domain according to Onyango et al. (2000).
Biallelically expressed genes are shown as lightly shaded cylinders, imprinted genes as darkly shaded cylinders. Maternally
expressed genes are italicized and paternally expressed genes are underlined. (B) BAC contig spanning the porcine ortholog
of the 11p15 imprinted domain, assembled by STS content mapping. The length of the horizontal bars does not reflect the
actual physical size of the corresponding BACs. It is assumed in this map that the gene order with respect to telomere is conserved
in man and pig (http://www.ensembl.org/homo_sapiens/). (C) Marker haplotypes of the five Q chromosomes (diamonds) and
six q chromosomes (circles). Closely linked SNPs (�5 kb) or adjacent SNPs that could not be ordered were merged into polyallelic
multisite haplotypes (cf. Table 2). The darkened chromosome segments correspond to the haplotype shared by all Q chromosomes
and are therefore assumed to contain the QTL.

and were kept for further analysis (BACs 466F9, the gap remaining in the human sequence between the
INS and ASCL2 genes may not be �55 kb.267M13, 389B2, 370C17, and 453A14). To this set we

added two BACs that were previously shown to span the All available STS were then amplified from genomic
DNA of the 14 QTL-genotyped boars (see above) andTH-H19 region (INRA370 and INRA253; Amarger et

al. 2002) and one that was isolated from the same library cycle sequenced to identify DNA sequence polymor-
phisms. We identified a total of 51 single-nucleotideusing a KVLQT1 probe (INRA956B11; E. Giuffra, un-

published results). Three additional STS were devel- polymorphisms (SNPs): 2 in TSSC5, 15 in KVLQT1, 3 in
389B2-T7, 1 in 370SNP15, 1 in 370SNP6, 3 in 370SNP1, 3oped from BAC end sequences (389B2T7, 370C17T7,

and INRA370SP6) and 4 from randomly selected sub- in 370SNP2, 4 in TH, 7 in INS, 4 in IGF2, 1 in IG(IGF2-
H19), 3 in H19, and 4 in IG(H19-RL23MRP) (Table 1).clones of BAC 370C17 (370SNP1, 370SNP2, 370SNP6,

and 370SNP15; Table 1). INRA370SP6 and 370SNP2 Three microsatellites were added to this marker list:
one (KVLQT1(SSR) isolated from BAC INRA956B11revealed highly significant BLAST hits in the vicinity of

the ASCL2 gene (expected values 10�7) and TSSC6 gene and two (PULGE1 and PULGE3) isolated from BAC
INRA370 (Table 1).(expected values 10�18), respectively, providing addi-

tional anchor points between the human and porcine Assembling pools of Q- vs. q-bearing chromosomes:
To reconstruct the marker linkage phase of the 14 QTL-sequence. Using STS content mapping, we assembled

the BAC contig shown in Figure 2. It is compatible with genotyped sires, we selected—for each boar—offspring
that were homozygous for the alternate paternal SWR-the overall conservation of gene order between human

and pigs in this chromosome region and indicates that 2516-SWC9 haplotypes. These were genotyped for all
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TABLE 2

Definition of the multisite haplotypes (MHx) corresponding to the different markers shown in Figures 2 and 3

STS MH1 MH2 MH3 MH4 MH5

TSSC5(I1) T-T C-C
KVLQT1(I12) C-C-C-G-C-C C-T-T-A-T-C T-C-C-A-T-T
KVLQT1(I11) T-C-G-C-T-T-G-T G-T-A-T-C-C-A-T G-C-G-C-C-C-G-G
389B2T7 C-G-C T-A-A
370SNP6 � 370SNP15 C-(-) T-(-) C-C T-C
370SNP1 � 370SNP2 G-G-A-G-A-C A-A-C-G-A-C G-A-C-A-G-T
TH1 � TH2 T-C-G-(CAAGGCCAGGT) A-(-)-A-(-) A-C-G-(CAAGGCCAGGT)
INS(5
) � INS(I1,E2,I2) � INS(3
) G-G-A-C-C-C-G A-T-G-T-G-T-A G-G-G-T-G-C-G
IGF2(E3) � IGF2(E5) � IGF2(I8) G-2-G-T A-2-C-C A-1-G-T A-2-G-T G-2-G-T
H19 C-C-T C-C-C C-T-C T-T-C
IG(H19-RL23mrp)A,B,C,D C-A-T-T T-G-C-C

SNPs and microsatellites available in the region, and five chromosomes in the Q pool share an IBS haplotype
spanning the 370SNP1/2-IGF2 interval as predicted (Fig-from these genotypes we manually determined the link-

age phase of the boars. ure 2). Further examination of the Q chromosomes in-
dicates that on the proximal side of the 370SNP1/2-IGF2For six of the seven boars, shown by marker-assisted

segregation analysis to be of Qq genotype (Figure 1), interval, the Q 2, Q 3, and Q 4 haplotypes are all identical,
while the Q 1 and Q 5 haplotypes are best explained bythe Q chromosomes associated with an increase in per-

centage of lean meat proved to be identical by state single-recombination events having occurred, respec-
tively, in the 370SNP6/15-370SNP1/2 (Q1) and KVLQT1(I7-(IBS) over their entire length. This haplotype was there-

fore referred to as Q 1. The haplotype corresponding to 389B27)(Q 5) interval. On the distal side of the 370SNP1/
2-IGF2 interval, three of the five Q chromosomes (Q 1,the seventh Q chromosome (P7 in Figure 2) was differ-

ent and was referred to as Q 2. For three of these sires, Q 3, Q 4) carry the same haplotype in the SWC9-IG(H19-
RL23mrp) interval, while the two remaining ones (Q2, Q5)the haplotypes associated with a decrease in percentage

of lean meat proved to be completely IBS as well and are sharing a completely distinct one. Again, this is best
explained by assuming a single ancestral recombinationwere thus referred to as q 1. The other four q chromo-

somes carried distinct haplotypes and were referred to event just upstream of the SWC9 microsatellite marker.
These observations therefore strongly suggest that theas q 2, q 3, q 4, and q 5 (Figure 2).

The first boar that proved to be homozygous for the hypothesized Q allele causing an increase in percentage
of lean meat appeared by mutation or migration on aQTL by marker-assisted segregation analysis (P8) car-

ried the q 4 haplotype on one of its chromosomes. Its founder chromosome carrying the haplotype high-
lighted in Figure 2 and that the QTL is consequentlyother haplotype therefore had to be of q genotype as

well and was referred to as q 6. located in the 370SNP6/15-SWC9 interval.
No such shared haplotype could be identified in theBoar P9 appeared to be heterozygous Q 1/Q 2. Boars

P10 and P11 carried the Q 1 haplotype shared by six of q pool. As expected under our model, the q pool exhib-
ited a higher level of genetic diversity. The q-bearingthe Qq boars. As a consequence, the other chromosomes

of boars P10 and P11, which were IBS as well, were chromosomes would indeed be older, having had ample
opportunity to recombine, thereby increasing haplo-placed in the Q pool and referred to as Q 3. Homozygous

boar P12 carried haplotype Q 2. As a consequence, its type diversity. This can be quantified more accurately
by computing the average pairwise probability for Qhomolog was referred to as Q 4. Following the same re-

cursive procedure, boars P13 and P14 were identified and q chromosomes to be IBD conditional on flanking
marker data, using the coalescent model developed byas being respectively Q 3Q 4 and Q 2Q 5.

The marker genotypes of the resulting five Q and five Meuwissen and Goddard (2001). As shown in Figure
3, the average pairwise IBD probability among the fiveq chromosomes are shown in Figure 2. In this figure,

closely linked (�5 kb) SNPs or SNPs that could not be Q chromosomes is superior to 0.25 over the entire
KVLQT1(SSR)-IG(H19-RL23mrp) interval and exceedsordered (370SNP15 with 370SNP6 and 370SNP1 with

370SNP2) were merged into a series of polyallelic multi- 0.60 in the 370SNP1/2-IGF2 interval. For the q chromo-
somes, the equivalent parameter is inferior to 0.20 oversite haplotypes. The correspondence between SNP ge-

notype and haplotype number is given in Table 2. the entire studied region.
One could argue that the probability of identifying aAll Q chromosomes share an �250-kb common haplo-

type encompassing the INS and IGF2 genes: Visual exam- shared haplotype among five chromosomes by chance
alone is high and does not support the location of theination of the Q and q pools immediately reveals that all
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Figure 3.—Average prob-
ability for two Q (�) and
two q (�) chromosomes to
be identical by descent at a
given map position condi-
tional on flanking marker
data [P(IBD|MG)], along
the chromosome segment
encompassing the p57-H19
imprinted domain, com-
puted according to Meu-
wissen and Goddard
(2001). The positions of the
markers defined according
to Tables 1 and 2 are shown
by the vertical dotted lines.

QTL within this region. To more quantitatively estimate the most likely QTL position coincided with IGF2, this
the significance of the haplotype sharing among Q chro- gene stood out as a prime positional candidate (Jeon
mosomes, accounting for the distance between adjacent et al. 1999; Nezer et al. 1999). On the basis of the initial
markers as well as allelic frequencies, we performed a linkage analysis, however, the confidence interval for
multipoint LD analysis using the DISMULT program the QTL covered �4 cM, which were bound to contain
(Terwilliger 1995). To test the significance of the a multitude of genes other than IGF2. It was therefore
haplotype sharing observed among the five Q chromo- critical to refine the map position of the QTL, which
somes, we performed the same DISMULT analysis on we set out to do by exploiting both LD and marker-
all 462 possible combinations of the 11 chromosomes assisted segregation analysis. Because of the observed
taken 5 at a time. For each of these analyses we stored parent-of-origin effect, we focused our analysis on a
the highest likelihood obtained anywhere along the ana- chromosome region that is the ortholog of the human
lyzed chromosome segment. The likelihood obtained 11p15 imprinted domain. We herein provide strong
using the five real Q chromosomes at the position of evidence that the QTL indeed maps to the p57-H19
marker PULGE3 was the highest one obtained across all imprinted gene cluster and within this region to a chro-
chromosome permutations (data not shown), clearly mosome segment of �250 kb containing INS and IGF2
indicating that the observed haplotype sharing is very as the only known paternally expressed genes. The prox-
unlikely to be fortuitous. imal breakpoint of the interval indeed coincides with

At present, our best estimate of the size of the the SWC9 microsatellite marker known to be located in
370SNP6/15-SWC9 interval is of the order of 250 kb. the 3
 UTR of IGF2. These findings therefore consider-
From the knowledge of the orthologous region in the ably strengthen the candidacy of IGF2 in particular and
human, it is predicted (Onyango et al. 2000) to contain justify its detailed analysis.
a maximum of eight biallelically expressed genes The fact that we succeeded in refining the map posi-
(TSSC9, TRPCL, TSSC4, CD81, TSSC10, RPL26, TSSC6, tion of this QTL down to the subcentimorgan level
and TH), two imprinted genes expressed from the ma- supports its simple molecular architecture. Together
ternal allele (KVLQT1 and ASCL2), and two imprinted with recent successes in positional cloning and identifi-
genes expressed from the paternal allele (INS and IGF2; cation of the mutations that underlie the major gene
Figure 2). and QTL (e.g., Grobet et al. 1997; Milan et al. 2000;

Blott et al. 2002; Freking et al. 2002; Grisart et al.
2002; Smit et al. 2003), this clearly indicates that at

DISCUSSION least part of the genetic variation of production traits
in livestock is due to single mutations with large effectsWhen we previously demonstrated that only the pater-

nal SSC2 QTL allele influenced muscle mass and that on the traits of interest.
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et al., 2002 Identification of the single base change causingThe success of haplotype-sharing approaches in fine
the callipyge muscle hypertrophy phenotype, the only known

mapping QTL in livestock also suggests that QTL may be example of polar overdominance in mammals. Genome Res. 12:
1496–1506.mapped in these populations by virtue of the haplotype

Georges, M., D. Nielsen, M. Mackinnon, A. Mishra, R. Okimotosignature resulting from intense selection on Q alleles,
et al., 1995 Mapping quantitative trait loci controlling milk pro-

i.e., haplotypes of unusual length given their population duction by exploiting progeny testing. Genetics 139: 907–920.
Grisart, B., W. Coppieters, F. Farnir, L. Karim, C. Ford et al., 2002frequency. The feasibility of this approach has recently

Positional candidate cloning of a QTL in dairy cattle: identifica-been demonstrated in human populations for two loci
tion of a missense mutation in the bovine DGAT gene with major

(G6PD and CD40 ligand) known to be involved in resis- effect on milk yield and composition. Genome Res. 12: 222–231.
Grobet, L., L. J. Royo Martin, D. Poncelet, D. Pirottin, B. Brou-tance to malaria (Sabeti et al. 2002). Preliminary analy-

wers et al., 1997 A deletion in the myostatin gene causes double-ses suggest that similar haplotype signatures character- muscling in cattle. Nat. Genet. 17: 71–74.
ize the QTL described in this work as well as a positionally Hanset, R., C. Dasnois, S. Scalais, C. Michaux and L. Grobet,

1995 Effets de l’introgression dans le génome Piétrain de l’allèlecloned QTL influencing milk yield and composition
normal au locus de sensibilité à l’halothane. Genet. Sel. Evol.on bovine chromosome 14 (Grisart et al. 2002). QTL 27: 77–88.

undergoing selection could thus be identified in live- Jeon, J. T., O. Carlborg, A. Törnsten, E. Giuffra, V. Amarger
et al., 1999 A paternally expressed QTL affecting skeletal andstock in the absence of phenotypic data.
cardiac muscle mass in pigs maps to the IGF2 locus. Nat. Genet.
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