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Summary

Two variants in the equine myostatin gene (MSTN), including a T/C SNP substitution in the first
intron and a 227-bp SINE insertion in the promoter, are associated with muscle fiber type
proportions in the Quarter Horse (QH) and with the prediction of race distance propensity in the
Thoroughbred (TB). Genotypes from these loci, along with 18 additional variants surrounding
MSTN, were examined in 301 horses of 14 breeds to evaluate haplotype relationships and
diversity. The Callele of intron 1 was found in 12 of 14 breeds at a frequency of 0.27; the SINE
was observed in five breeds, but common in only the TB and QH (0.73 and 0.48 respectively).
Haplotype data suggest the SINE insertion is contemporary to and arose upon a haplotype
containing the intron 1 Callele. Gluteal muscle biopsies of TBs showed a significant association
of the intron 1 Callele and SINE with a higher proportion of Type 2B and lower proportion of
Type 1 fibers. However, in the Belgian horse, in which the SINE is not present, the intron 1 SNP
was not associated with fiber type proportions, and evaluation of fiber type proportions across the
Belgian, TB and QH breeds shows the significant effect of breed on fiber type proportions is
negated when evaluating horses without the SINE variant. These data suggest the SINE, rather
than the intron 1 SNP, is driving the observed muscle fiber type characteristics and is the variant
targeted by selection for short-distance racing.
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Introduction

A haplotype encompassing the myostatin gene (MSTN) has been a target of positive
selection in the American Quarter Horse (QH), a breed selected for its sprinting ability, as
well as in the closely related American Paint horse (Petersen et al. 2013a; Petersen et al.
2013b). Two variants of MSTN were associated with the selected haplotype in both breeds
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(Petersen et al. 2013b); these variants include a SNP in the first intron (Chr18:g.
66493737T>C; hereafter “intron 1 SNP”) suggested to be predictive of best race distance in
the Thoroughbred (TB) (Hill et al. 2010a; Hill et al. 2010b), and a 227-bp SINE insertion in
the promoter (Chr18:9.66495326 66495327ins227; hereafter “SINE”), also associated with
race distance propensity in the TB (Hill et al. 2010b). Analysis of QH gluteal muscle
biopsies found that both the intronic Callele and the promoter SINE insertion were
associated with a significantly greater proportion of Type 2B muscle fibers at the detriment
of Type 1 fibers (Petersen et al. 2013b). Type 1 fibers contain myosin heavy chain I, a slow
contracting isoform, and have a high oxidative capacity that is beneficial for endurance; in
contrast, equine Type 2B fibers (as identified by ATPase stains) contain myosin heavy chain
2x, a fast contracting isoform (Linnane et a/., 1999) that is advantageous for a sprinting
athlete (Bottinelli 2001; Curry et al. 2012).

Allele frequencies of the MSTN intron 1 SNP have been investigated in a variety of breeds,
with the Callele observed in British Isle, Turk/Arabian and East Asian horses (Bower et al.
2012). However, the presence of the SINE insertion across diverse breeds is uninvestigated,
and the occurrence of these MSTN variants outside of the haplotype identified in the Paint
and QH has not been explored. It is also unknown how each variant may function to alter
fiber type proportions. It is suggested that the intron 1 SNP may result in the gain and/or
disruption of transcription factor binding sites (Hill ef a/. 2010b), whereas the SINE is
predicted to disrupt an E-box motif (Hill et a/. 2010b) and displace adjacent promoter
elements that have been shown in other species to be important to MSTN gene regulation
(Spiller et al. 2002; Salerno et al. 2004; Allen & Unterman 2007; Guimaraes et al. 2007).
Within the TB and QHs previously studied, the SINE and intron 1 SNP variants, physically
separated by 1607 bp, are in high linkage disequilibrium (LD) (Hill et a/. 2010b; Petersen et
al. 2013b); therefore, it is difficult to assess the functional impact of either locus
independent of the other.

The purpose of this investigation was to examine the occurrence of both MS7N variants in
geographically and phenotypically diverse horse breeds and to evaluate haplotype diversity
surrounding each locus. In addition, we further investigated the potential functional effects
of these variants on skeletal muscle fiber type proportions by evaluating gluteal muscle
biopsies from TB horses (a breed in which both MSTN variants are segregating) and
Belgian draft horses (a breed in which the intron 1 SNP is present but the SINE insertion has
not been observed).

Materials and Methods

Samples

Sample collection protocols were approved by the University of Minnesota Institutional
Animal Care and Use Committee. DNA was isolated from hair roots, 20 mg of muscle or
whole blood according to standard procedures (Puregene Kit, QIAGEN). Protocol for DNA
isolation from hair was modified slightly as described in Petersen et al. (2013b).

Genotype data included in this study represent 301 horses comprising 14 breeds, collected
using llumina SNP50 or SNP70 BeadChips (Tables 1 and S1). All horses represented a
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random sample of each breed whenever possible, and these 301 horses represent minimally
related individuals as determined by pedigree or genotype data. When pedigree information
was available, first- and second-order relationships were eliminated. For those without
pedigree information, individuals were removed to eliminate genome sharing estimates
greater than 0.25; these estimates (pi hat) were calculated in runk (Purcell et al. 2007) on
autosomes, pruned within each breed for minor allele frequency (MAF) > 0.01, genotyping
rate > 95% and LD (/%) < 0.2.

Variant and haplotype analyses

The MSTNintron 1 SNP was genotyped by sequencing a 580-bp fragment using primers
MSTN_10 (Hill et al. 2010a). The SINE insertion was genotyped after PCR using primers
MSTN_13 (Hill et a/. 2010a) by evaluating product size on a 2% agarose gel. PCR
conditions used were as stated in Petersen et al. (2013b).

Within the 301 individuals, as well as the six additional Belgians included in fiber type
analysis, 143 SNPs (ECA18, 62 to 70Mb) and the MSTN intron 1 SNP and promoter SINE
genotypes were phased in rasrrase 1.2 (Scheet & Stephens 2006) after pruning for MAF
>0.01 and genotyping rate > 95%. The number of clusters used in rasterase Was determined
after cross-validation, searching from 25 to 40 clusters in steps of five. Parameters were then
set to consider 30 clusters, 20 random starts of the algorithm and with subpopulations
identified by breed.

Haplotype diversity was calculated in DNASP 5.10 (Librado & Rozas 2009) according to
Nei (1987) within each breed as well as by grouping the haplotypes by allele identity at each
of the two MSTN loci of interest. LD (/2) between the SINE and intron 1 SNP was
calculated in runk (Purcell et al. 2007).

Muscle fiber type analysis

Muscle biopsies obtained from a standardized site in the middle gluteal muscle (Lindholm &
Piehl 1974) of 25 TB and 34 Belgian horses, all with no sign of muscular disease, were
available from the Equine Neuromuscular Diagnostic Laboratory (University of Minnesota).
Each horse was genotyped for the MSTN intron 1 SNP and the SINE insertion (Table 2).
The TBs included in fiber type analysis were chosen to represent approximately equal
samples of each SINE and intron 1 SNP genotype; these 25 TB horses did not correspond to
those in the haplotype analysis as no BeadChip data were available from them. All but six
Belgian samples were used for both fiber type and haplotype analyses; these 34 Belgian
horses represented all muscle biopsies available from the breed. Ten-um-thick sections of
muscle were cut from frozen tissue, pre-incubated at pH 4.6 and stained for myosin
adenosine triphosphatase (ATPase). The proportion of each muscle fiber type within each
sample was determined by counting Type 1, Type 2A and 2B fibers in a minimum of 250
fibers per biopsy.

For the TBs and Belgians, fiber type proportions were tested for association with the intron
1 and SINE variants using MANOVA within each breed, assuming an additive mode of
inheritance and including sex and age at biopsy as covariates. In the case of a significant
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MANOVA, the effect of the SINE and/or intron 1 SNP was evaluated using multiple linear
regression.

Fiber type data from 79 QHSs reported in a previous study (Petersen et al. 2013b) (Table 2)
were included to evaluate the effect of breed in a MANOVA considering sex and age as
covariates; this was performed on all samples and, then, considering only samples without
the SINE insertion. Pairwise comparisons of breeds were completed in a similar manner. All
statistics analyses were conducted in = (http://www.r-project.org).

Presence of the MSTN variants in diverse breeds

The breed frequencies of the MSTN variants are reported in Table 1. The intron 1 Callele
was found at a frequency of 0.27 across all horses and was present in each breed except the
Morgan and Standardbred. Within the breeds where the Callele was present, allele
frequency ranged from 0.05 (Tennessee Walking Horse) to 0.82 (QH). In contrast to the C
allele, the SINE was present in only five of the 14 breeds. In the TB and QH, the SINE
occurred at moderate and high frequency (0.48 in TB, 0.73 in QH), whereas allele frequency
was low in the Florida Cracker, Mangalarga Paulista and Missouri Fox Trotter (0.11, 0.07
and 0.04 respectively).

Haplotype and LD analyses

Phasing of the 18 SNPs and two MSTN variants in the 780.7 kb flanking the gene revealed
100 unique haplotypes (Table S2). The SINE and intron 1 Callele were found in four and 22
of these haplotypes respectively (Table 3). In this sample, the SINE was observed only
within haplotypes that contained the Callele of intron 1; however the Callele of intron 1
was found in 18 unique haplotypes in the absence of the SINE (84 total observations). LD
(%) between the two loci was 0.409 across all samples and 0.617 and 0.928 in the QH and
TB respectively.

Haplotype diversity (Hg) was notably lower in the QH (0.507) than in the other breeds
studied (range 0.666—-0.986) (Table 4). Grouping the haplotypes by the intron 1 allele found
Hy to be less in haplotypes containing the Callele (0.713) compared to those with the 7
allele (0.960). Considering the SINE insertion, the Hy of the four haplotypes containing the
SINE was 0.074 compared to 0.960 for haplotypes without the SINE (Table 4).

Analysis of skeletal muscle fiber type proportions

Assuming an additive allelic effect, there was a significant association (2= 0.002) between
MSTN genotype and fiber type proportions in the TB (Fig. 1). The SINE and intron 1 C
allele are in complete LD in these samples (Table 2), therefore the results for each locus are
identical. Each copy of the SINE or Callele resulted in a mean increase of 6.24% (95% CI =
0.48 to 12.0) in the Type 2B fiber proportion and a mean decrease of 6.17% (95% CI = 3.13
to 9.21) in Type 1 fiber proportion. Type 2A fiber proportion was not affected by MSTNV
genotype (P=0.977). In the Belgian breed, where the SINE insertion was not observed,
fiber type proportions were not significantly associated with the intron 1 SNP (£ =0.995)
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(95% Cl = Type 1: —7.4 10 6.7; Type 2A: -4.6 to 4.7; Type 2B: —7.1t0 7.7). The overall
results did not change when other modes of action (dominant or genotypic) were considered
(data not shown).

Without considering any genotype data, muscle fiber type proportions were significantly
different across the three breeds (P = 0.002). Pairwise comparisons showed fiber type
proportions differed comparing the Belgians to the TB and to the QH (£ =0.025 and 0.003
respectively). In both cases the TB and QH had significantly more Type 2B (P=0.043 and
0.011 respectively) and significantly less Type 1 fibers (£=0.006 and <0.001 respectively)
than did the Belgian. Skeletal muscle fiber type proportions did not differ between the TB
and QH (P =0.185). Type 2A fiber proportion did not differ significantly in any
comparisons. Using the same, across-breed data, but including only individuals null for the
SINE insertion (7= 54: 16 QH, six TB, 32 Belgian) found no significant effect of SNP
genotype (P=0.716) or breed (P = 0.432) on muscle fiber type proportions.

Discussion

Incidence of MSTN variants and haplotype analyses

The myostatin gene locus has repeatedly been implicated as important to racing performance
in the TB (Binns et al. 2010; Hill et al. 2010a; Hill et al. 2010b; Tozaki et al. 2010; Hill et al.
2012; Tozaki et al. 2012) and also appeared under a signature of selection in the QH and
Paint breeds (Petersen et al. 2013b). Evidence of selection for a haplotype containing the
SINE insertion and Callele of intron 1 in the QH, but segregation of this haplotype and
underlying variants in the TB, led logically to the hypothesis that selection in the QH is
focused on proficiency for short distance racing; the QH has been bred for quarter-mile
sprints, whereas within the TB breed, horses are bred for racing at various distances.
Supporting this hypothesis, in the TB, the intron 1 SNP of MSTN is used as a predictive
factor of best racing distance with horses having the Callele more suited for short-distance
races and those with the 7 allele better suited for long distances (Hill et a/. 2010b; Hill et al.
2012; Equinome, Dublin, Ireland). Fittingly, the intron 1 Callele and the SINE insertion in
the MSTN promoter, which are in high LD in the breeds previously studied (Hill et a/.
2010b; Petersen et al. 2013b), have been associated with fiber type proportions beneficial for
short distance racing (Petersen et al. 2013b). Although the Callele is present in a variety of
breeds (Bower et al. 2012 and results herein), to our knowledge this is the first report of the
SINE outside of the QH, Paint and TB. However, relative to the intron 1 Callele, the SINE
was rare in the other breeds examined.

Genotype data in this study allowed for a more complete investigation of haplotype
composition and diversity at the MSTN locus. As expected, within the QH, where the
haplotype containing the SINE and Callele of intron 1 is under selection (Petersen et al.
2013b), overall haplotype diversity in the breed was low. Haplotype diversity in the TB was
also relatively low, likely as a result of selection for racing characteristics and due to
generally low diversity present in the breed (Petersen et al. 2013a; Petersen et al. 2014).
Haplotype diversity in the presence of the SINE variant was significantly lower than that
found in haplotypes without the SINE, as would be expected in the presence of selection or
as the result of founder effect, genetic drift and/or a relatively new variant. Haplotypes
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containing the SINE insertion may have been influenced by each of these events. However,
considering these factors combined with the fact that the SINE was not observed within a
haplotype containing the 7 allele of the intron 1 SNP, these data suggest that the SINE
insertion arose upon the genetic background containing the Callele, which itself is
contemporary to the 7allele (Bower et al. 2012).

Haplotype analyses have previously been used to evaluate the origin of the Intron 1 Callele
in the TB, and it was suggested the allele entered the population through a mare of British
ancestry (Bower et al. 2012); however that study did not evaluate haplotypes of all potential
donor breeds including, among others, representatives of Barb ancestry. Barbs had notable
influence on the development of the TB (Willet 1975; Hendricks 2007) and were found to
possess the Callele at moderate frequency (Bower et al. 2012). In contrast to the results of
Bower et al. (2012), in the present study the Callele was observed in more than one
haplotype in the TB, although occurrence outside of the haplotype commonly reported was
rare (two of 62 chromosomes and the Cwas also in complete LD with the SINE in the 25
TB fiber typed samples). Although one of these haplotypes was likely the result of
recombination (see below), the other was present in 10 other breeds examined and found at
moderate frequency in the Belgian (0.18) and Shetland (0.20). These data provide evidence
of more than one introduction of the Callele into the TB; the low frequency of the rare
haplotypes could be a result of genetic drift, selection or a popular sire/founder effect.

Evaluation of the haplotype around the SINE found that all horses outside of the QH and TB
breeds with the SINE insertion had the same haplotype that was common in those breeds,
and that corresponded to the haplotype identified as the target of selection (Petersen et al.
2013b). Of the remaining three unique haplotypes with the SINE insertion, two differ from
the common haplotype by one mutational step; the third was divergent by four bp, found
within nine SNPs 3' of the MSTN promoter. The more divergent SINE haplotype, observed
in a single TB chromosome, may have arisen via recombination, as the same nine-SNP
motif observed in the divergent haplotype is frequent in other haplotypes and present in
30.6% of the TBs examined.

The origin of the SINE variant in the domestic horse is still unknown. However, from a
contemporary perspective, the presence of both the MSTN Callele and SINE variants in the
QH, Paint and TB breeds is not surprising given that TB bloodlines were instrumental in the
development of the QH breed and gene flow from the TB is still allowed into both the Paint
and QH; the QH itself was also notably influenced by horses of Spanish origin such as the
Florida Cracker, which were bred into the QH to increase quickness (Hendricks 2007). The
presence in the South American Mangalarga Paulista and the recently derived Missouri Fox
Trotter of the same Callele/SINE haplotype common in the QH and TB leads to two
hypotheses on the origin of the SINE. The first hypothesis is that the allele may have arisen
in Spanish/Iberian horses, which were crucial to the development of the QH, Florida
Cracker, Mangalarga Paulista, and Missouri Fox Trotter (Hendricks 2007) and which were
also part of the beginnings of the TB (Willet 1975), most notably through mare lineages
(Hendricks 2007). A second hypothesis is based on the Barb's shared ancestry and close
relationship with Iberian horses (Jansen et al. 2002; Royo et al. 2005; Hendricks 2007) as
well as its strong influence on the TB (Willet 1975; Hendricks 2007; Bower et al. 2011). If
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the SINE originated in the Barb, its presence in the TB could be from direct distribution
from the Barb or via Iberian horses; then, distribution to the American breeds may have
occurred through the importation of these Iberian horses. An alternate, TB-focused
hypothesis is that the SINE insertion originated in the TB itself, spreading to other breeds as
the popularity and influence of the TB spread worldwide (Hendricks 2007). The difficulty
with this alternate hypothesis is, if the TB represented the breed of origin, it would be
expected that the Callele would be observed in the absence of the SINE as that background
was present before the origin of the SINE, which is rare. However, these hypotheses are
based upon relatively little data and additional investigation is necessary to clarify the true
origin of the SINE.

Regardless of allele origin, LD (/2) between the intron 1 SNP and SINE is nearly 1 in the
TBs, indicating high predictability of one variant given the identity of the other. LD is not as
strong in the QHs, although in this breed it is much greater than in the entire sample, where
the general absence of the SINE disassociates it from the intron 1 Callele. As mentioned
above, in the TBs, the intron 1 Callele is rarely present without the SINE insertion despite
22 unique haplotypes including the Callele found across breeds. In addition to suggesting
that the SINE did not originate in the TB breed, the general lack of Callele haplotypes
without the SINE may indicate that the SINE is the functional allele underlying the
prediction of best race distance and therefore the target of selection for sprinting. If the C
allele were driving selection, one would not necessarily expect to see the SINE in the TB at
high frequency, especially given that the SINE is contemporary to the Callele and
haplotypes containing the Callele (without the SINE) are found in many breeds that
contributed to the founding of the TB (Bower et a/., 2012 and herein). However, if the SINE
were the target of selection, the Callele would remain frequent because it is within the same
haplotype. Alternatively, the QH, a more recent breed with diverse ancestry, is selected for a
variety of performance traits in addition to racing. Therefore, the presence of the Callele of
intron 1 in the absence of the SINE is not surprising even if the SINE is driving selection for
sprinting.

of MSTN variants with skeletal muscle fiber type proportions

Analysis of fiber type proportions in the TB showed a similar association of the MSTN
SINE insertion and Callele of intron 1 as was observed in the QH (Petersen et al. 2013b).
These new data from the TB further support the hypothesis that the SINE insertion and/or
the Callele work, in part, to alter muscle fiber type proportions. In the current study, a
sample of 34 gluteal muscle biopsies were available from Belgian horses in which the SINE
insertion was not found but in which both variants of the intron 1 SNP were present. These
samples provided an opportunity to gather functional data on the intron 1 variant
independent of the SINE locus. In the Belgian, no significant association was found between
fiber type proportions and the intron 1 SNP although, in the 34 samples available, the C
allele of the intron 1 SNP was relatively rare and the small sample size could preclude the
ability to find significance. However, as the functionality of the variants was suggested to be
additive (Petersen et al. 2013Db), an increase in the proportion of Type 2B fibers would be
expected in the TC compared to the TT Belgians, which was not the case. Regardless, more
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data need to be collected regarding each variant in the absence of the other to delimit
potential functional effects.

Breed differences in fiber type proportions were documented well before MSTN variants
were known (Stull & Albert 1980; Bechtel & Kline 1987; Rivero et al. 1989; Galisteo et al.
1992). In this study, breed differences in fiber type ratios were also observed among the QH,
TB and Belgian breeds when including all samples, regardless of MSTN genotype.
However, the significant difference in fiber type proportions among breeds is lost when
eliminating samples with the SINE insertion present, although as noted earlier, sample size
is too small to evaluate this phenomenon fully. Nevertheless, the lack of a significant
association of the Callele with fiber type proportions in the Belgian and the lack of across
breed differences in fiber type proportion considering SINE-null horses are two additional
lines of evidence that the SINE, rather than the intron 1 SNP, may contribute to the changes
in muscle fiber characteristics described in relationship to the selected haplotype (Petersen et
al. 2013b). In addition, these data suggest that the presence of the SINE insertion may be
one factor influencing previously described breed differences in fiber type proportions. That
said, it is still important to note that the effect of each variant may differ depending upon the
genetic background within which it is found. Therefore, a Callele or SINE insertion in the
TB may have an alternative consequence than may the same allele in a Belgian due to other
variation present in the individual or within the breed; variation may also stem from effects
of different training regimes (Rivero et a/. 1989; Roneus et al. 1992; Rivero et al. 1995).

In summary, this survey of two equine MSTN variants shows that the intron 1 SNP is
distributed among 12 of the 14 breeds studied, whereas the SINE is rare outside of the QH
and TB. The presence of the Callele in a wide distribution of breeds, including Landrace
populations, as well as the observation of the SINE only upon the background of the C
allele, suggests that the intron 1 SNP predates the SINE insertion. The distribution of the
SINE leads to hypotheses of its origin in Iberian or Barb horses. The effect of the Callele
and SINE insertion on Type 1 vs Type 2B fiber type distribution in TBs was similar to that
previously described in the QH. Due to high LD between the variants, it is difficult to
attribute function to one or the other MSTN variants. However, muscle biopsies of Belgian
horses without the SINE variant as well as across breed comparisons of biopsies from horses
with and without the SINE insertion suggest that it may be the SINE and not the intron 1
SNP of MSTNthat is influencing the observed differences in fiber type proportions; this is
the expected outcome if the SINE is the target of selective pressure.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Thoroughbred

Belgian

Gluteal fiber type proportions for 25 Thoroughbreds (top; 6TT, 13TC, 6CC) and 34 Belgians
(bottom; 23TT, 10TC, 1CC) with respect to the MSTN intron 1 SNP genotype, not
accounting for age at biopsy or sex. Error bars represent 95% confidence intervals around

the mean.
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Allele frequencies at two MSTN variants in 301 horses of 14 breeds.

Table 1

SINE insertion Intron 1 SNP

Breed n Present Absent C T
Belgian'z 28 0.00 1.00 0.17 0.83
Clydesdale 20 0.00 1.00 012 0.88
Florida Cracker 7 0.11 0.89 0.67 033
Mangalarga Paulista 15 0.07 0.93 020 0.80
Missouri Fox Trotter 21 0.04 0.96 022 078
Mongolian 20 0.00 1.00 0.10  0.90
Morgan 23 0.00 1.00 0.00 1.00
New Forest Pony 15 0.00 1.00 020 0.80
Puerto Rican Paso Fino 19 0.00 1.00 029 071
Shetland 20 0.00 1.00 0.47  0.53
Standardbred 33 0.00 1.00 0.00 1.00
Tennessee Walking Horse 19 0.00 1.00 0.05 0.95
Quarter HorseZ 30 0.73 0.27 082 0.18
31 0.48 0.52 050 0.50

Thoroughbredz

JAIso used for fiber type analysis.

ZDifferent horses than reported in fiber type analysis.
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Table 2

Genotype frequencies at the MSTN SINE insertion and intron 1 SNP for samples used in fiber type analyses.
For the SINE insertion N indicates no SINE insertion whereas S indicates its presence. The QH data were
previously reported and do not correspond to samples used in the current study of haplotype variation.

SINE insertion Intron 1 SNP
n NN NS SS TT TC CC

Belgian 34 34 0 0 23 10 1
Thoroughbred 25 6 13 6 6 13 6

Quarter Horsel 79 18 31 30 9 33 34

JData reported in Petersen et al (2013b); three missing genotypes at the Intron 1 SNP
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The four haplotypes observed with the SINE insertion (top), the 22 haplotypes that include the Callele of intron 1 (bottom) and the number of observations in each breed.
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Table 4

Number of unique haplotypes observed and haplotype diversity (Hg) calculated within each breed, as well as
defined based upon the presence/absence of the MSTN intron 1 SNP and SINE loci.
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Total haplotypesobserved (2n)  Unique haplotypess H 4 SD
Within Breed
Belgian 56 11 0.799 0.031
Clydesdale 40 7 0.779 0.041
Florida Cracker 14 7 0.857 0.074
Mangalarga Paulista 30 14 0.784 0.078
Missouri Fox Trotter 42 19 0.916 0.025
Mongolian 40 26 0.971 0.013
Morgan 46 19 0.934 0.019
New Forest Pony 30 25 0.986 0.013
Puerto Rican Paso Fino 38 21 0.945 0.020
Quarter Horse 60 12 0.507 0.079
Shetland 40 14 0.885 0.027
Standardbred 66 11 0.666 0.061
Tennessee Walking Horse 38 10 0.826 0.037
Thoroughbred 62 9 0.680 0.040
All 602 100 0.954 0.003
Based upon MSTN variant
SINE 80 4 0.074  0.040
No SINE 522 96 0.960 0.003
CAllele 164 22 0.713  0.029
T Allele 438 78 0.953 0.004
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