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Supplementary figures and figure legends
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Supplementary Figure 1. Asymmetric trot in a DMRT3 heterozygous horse and functional
characterization of the horse DMRT3 mutation. a,b, Images illustrating asymmetric diagonal trot
of a heterozygous (CA) Standardbred horse close to transition into canter (images taken at
equivalent stride positions, time delay 260 ms). Note the large difference in position of the hind
limbs (arrow) in relation to the diagonal front legs, which in a symmetric trot should be equal. ¢,
Real-time qPCR for DMRT3 mRNA in testis from wild type (CC, n=1) horse compared to
housekeeping genes, expressed in arbitrary units (AU). d, Relative mRNA expression of DMRT3 in
lumbar and thoracic spinal cord of wild type (CC, n=4) and mutant (AA, n=1) horse. e, RNA in situ
hybridization of tissue sections from the lumbar spinal cord of wild-type (CC, left) and mutant (44,
right) horse. Arrows mark neurons with DMRT3 expression. f, Transfection experiments in human
glioma U251 cells. eGFP-DMRT3 proteins (green) corresponding to the wild-type and mutant
forms coincides with anti-DMRT3 antibody labeling (purple), both showing nuclear localization
(co-localization with DAPI, blue), consistent with the presence of a conserved nuclear localization
signal (KGHKR) in the DM domain of DMRT3*®. g, Electrophoretic mobility shift assays using an
oligonucleotide containing a DMRT3-binding motif > and in vitro-translated myc-tagged DMRT3
wild-type and mutant proteins. An oligonucleotide containing a DMRT1-binding site was also used
and gave similar results (data not shown). The cold competing oligonucleotide was added in 150x
excess. Scale bars: 1 mm (e), 100 um (e, close-up), 10 um (f).

WWW.NATURE.COM/NATURE | 1



(HAIT\E N SUPPLEMENTARY INFORMATION

a b
Dmrt1 E5 Dmrt3 E1 Dmrt3E2
!
) . - £ £ & b
o 9O o o
2 o & O
Wild-type piche TR EE
{ | . | I
// Spell Spel Spel /7 A \ S;:'oel '
e v \ \ v -
' e \ \
- Targeting vector . Y y WT - -7.9kb
( I — -
loxP loxP Del - BRkD
Spel Neo - . W .55kb
+Neo probe
— } —— =
loxP loxP
Splel Spell Sp'i/ S;!el Spel
iTURBO-Cre
probe
DEL I Kl
| I || loxP
Spel Spel Spel Spel
C

Dmrt3

control Dmrt3*"- Dmrt3™-
d
1.0 - O control
— Dmnt3*"
087 T @ Dmrt3™’-

0.6 1 ’—I

*%

(0] IF

Relative expression (AU)

b
0.0 T
Dmrt3 Dmrt1 Dmrt2 Dmrt4

Supplementary Figure 2. Generation and characterisation of the Dmr¢3 null mutant mouse. a,
The Dmrt3 mouse genomic region (top), the wild-type allele, the Neo insertion (+Neo) and the Neo
deletion (DEL) allele for each element are shown successively (figures not drawn to scale). The
points of integration of target vector homology arms and the probe (striped box; chr19:25,688,502-
25,688,838;mm9) used in the Southern hybridization for identification of embryonic stem (ES) cells
carrying the deletion together with the restriction sites are shown. b, Southern blot showing the Neo
inserted (+Neo/+) and Neo deleted (-Neo/+) ES cells following Spel digestion. ¢, Transverse spinal
cord sections of wild-type control, Dmrt3"" and Dmrt3” E15.5 mice according to the white box,
with the area of higher magnification in panels to the right, show absence of Dmrt3
immunolabelling in the Dmrt3” spinal cord. Scale bar 70 um. d, Relative mRNA expression levels
of Dmrt genes, Dmrti-4, in the lumbar region of mouse spinal cord (Control n=8, Dmrt3"" n=4 and
Dmrt3” n=6, >2 weeks old). No expression of Dmrt3 was detected in Dmrt3” and lower levels of
Dmrt3 in Dmrt3*" (P<0.0001) compared to control. Dmrtl expression was up regulated in Dmrt3"
and Dmrt3™" (P<0.0001). Mean =+ s.e.m.
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Supplementary Figure 3. Characterisation of motor behaviour. a, No difference in fine motor
coordination was observed between genotypes in adult mice scored for the number of hind limb
slips in a beam-walking test (n=5 control and Dmr#3”", n=7 Dmrt3*"). b, The latency to cross the
beam in the beam walking test was similar between genotypes (n=5 control, n=7 Dmrt3"", n=6
Dmrt3"", 3 trials/mouse per day). ¢, Muscle function was evaluated using the four limb hanging
wire test. All animals (n=5/genotype) managed to hang for >90 s. d, Postnatal locomotor
development in newborn mice between postnatal day 2 and day 6 were analysed by the ability to
turn over from their backs. Each animal was given two trials per day. No major difference between
genotypes was seen (P2-P5: n=3 wild type control, n=3 Dmrt3"", n=4 Dmrt3"", P6: n=5 control, n=
7 Dmrt3"", n=6 Dmrt3™"). e, Weight-supported movements developed at similar postnatal time
points between genotypes, by postnatal day 5 (P5): control 20% (n=5), Dmrt3" 14% (n=4) and
Dmrt3" 25% (n=8) and by P6: control 83% (n=6), Dmrt3"" 70%, (n=10) and Dmrt3"" 78%, (n=9).
All mice walked at P7 independent of genotype. f,g,h,i Performance of Uncoordinated, Alternating,
Repeated one limb movement and Synchronous limb movement in airstepping for P4 and P1 mice.
At P4 (f) as well as at P1 (g) Dmrt3” mice showed an increased number of uncoordinated steps
(P=0.029; P4 and P=0.026; P1) in their hindlimbs and a decreased number of alternating steps
(P=0.02). No differences were observed in the number of Repeated one limb movement or
Synchronous step at either P4 (h) or at P1 (i). (n=4/genotype, except at P4: n=3 for controls). Wild-
type littermate controls (white), Dmrt3*" (grey), Dmrt3” (black). Mean + s.e.m..
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Supplementary Figure 4
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Supplementary Figure 4. Electrophysiological analysis and effect of adding nipecotic acid and
sarcosine or picrotoxin and strychnine. a, Examples of wild-type control and b, Dmrt3”, raw
traces of ventral root fictive locomotion. In blue, high-pass filtered, rectified and low-pass filtered
raw traces of recordings. Burst duration, interburst duration and cycle period are marked in the blue
trace. ¢,d,e, Representative traces from control (¢), Dmr#3" (d) and Dmrt3" (e) spinal cords. Time
scale 10 s. Analysis was done using coherence power spectra and phase analysis of left/right and
flexor/extensor recordings. Coherency regions around 0.4 Hz emerged for control and for Dmr3*"
mice (red) but was absent in Dmr¢3” spinal cord recordings (color-graded scale). Time scale 100 .
Phase analysis of 600 seconds of recorded traces (circular plots) show that control and Dmrt3™"
mice displayed patterns of left/right and flexor/extensor alternation while traces from Dmrt3 -
spinal cords were uncoordinated. For the circular plots: a value close to 180 indicates alternating
coordination, the length of the arrow is a measure of statistical significance of the preferred phase.
Arrows represent the mean, n=6/genotype, wild-type (I/r avg phase preference, 179.9° , R=0.88; f/e
150.0° , R=0.94), Dmrt3*" (I/r, 178.1° , R=0.84; f/e 167.7°, R=0.94), Dmrt3" (I/r, 164.56°, R=0.33;
f/e 90° , R=0.48). f, Schematic of an isolated spinal cord with attached suction electrodes to record
the rhythmic ventral root activities (fictive locomotion) from left (1) and right (r) lumbar (L) root 2
and 5. Application of serotonin and N-methyl-D-aspartate initiates fictive locomotion from L2
(primarily flexor) and L5 (primarily extensor) lumbar ventral roots allowing for evaluation of
left/right and flexor/extensor coordination. g,h, Analysis of fictive locomotion from control,
Dmrt3”" and Dmret3”" spinal cords show a consistent increase in burst duration, interburst duration,
cycle period and burst area measured in the L2s as well as in the L5s of the Dmrt3”~ compared to
control. i,j, The coefficient of variation, a normalized measure of variability of a probability
distribution, increased for burst duration, interburst duration, cycle period and burst area in both L2
and L5 in Dmrt3™ spinal cords compared to control (n=6/genotype, for the L2: burst duration
**P=0.0097, interburst duration **P=0.0028, cycle period **P=0.0028, burst area **0.0070; L2
coefficient of variation: burst duration **P=0.0015, interburst duration **P=0.0023, cycle period
**P=0.0019, burst area **P=0.0015, peaks **P=0.0065; L5: burst duration *P=0.016, interburst
duration **P=0.0030, cycle period **P=0.0050, burst area *P=0.016, L5 coefficient of variation:
burst duration **P=0.0011, interburst duration **P=0.0013, cycle period **P=0.0013, burst area
#*P=0.0011, peaks **P=0.0030, Kruskal-Wallis test). k, A representative trace from a Dmrt3”
spinal cord bathed in a cocktail of serotonin and N-methyl-D-aspartate in order to induce fictive
locomotion. 1, In order to strengthen inhibition across the midline in an attempt to compensate for
the loss of the inhibitory Dmrt3 neurons, GABA and glycine uptake blockers nipecotic acid and
sarcosine and recorded locomotor activity were applied. Time scale represents 10 seconds.
Coherence power spectra of left/right and flexor/extensor recordings (color-graded scale) and phase
analysis of 600 seconds of recorded traces (circular plots) showed that treatment with nipecotic acid
and sarcosine did not result in an improved degree of coherency between either left/right or
flexor/extensor ventral root activities (n=3). m,n, In order to examine if Dmrt3 " has an effect on the
coordination of solely excitatory communication over the midline, we treated spinal cords of
control and Dmrt3” mice with the GABA A receptor antagonist picrotoxin and the glycine receptor
antagonist strychnine. In the control, a slow synchronous rhythm appears and we also detect the
same pattern in the Dmr#3™ spinal cords. Time scale 100 seconds. Mean + s.e.m..
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Supplementary Figure 5. Characterisation of Dmr¢3 expressing cells in the mouse spinal cord.
a, Dmrt3 mRNA expression was detected on spinal cord sections from embryonic and postnatal
ages as indicated. b, Dmrt3 immunopositive cells were found at cervical, thoracic and lumbar levels
at E12.5, E15.5 and P4. ¢, Dmrt3 mRNA expression was detected using in-situ hybridisation and
was combined with immunohistochemical stainings using antibodies specific for different neuronal
populations in the spinal cord during development (E11.5). Dmrt3 mRNA expression (red) was
found in the ventral most part of the dorsal progenitor domain Pax7 (green). Dmrt3 mRNA (purple)
did not overlap with the VOy/V0c/V0g marker Evx1 (orange) or with the dI1/d12/dI3/dI5 marker
Brn3a (green). Pax2 (blue) is expressed in dI14/d16/V0d populations and Lbx1 (green) is expressed
in dI14/dI5/d16 and both showed an overlapping expression with Dmrt3 mRNA expression. A
schematic illustration of a spinal cord cross section showing the location of expression of progenitor
domains and transcription factors used to characterize Dmrt3 is found in Fig. 3c. d, Dmrt3" cells do
not overlap with the dI1/dI2/d13/dI5 marker Brn3a (compare brackets) but originate from the same
domain as the dI6/V1/V2 marker Jagged. Scale bars: 80 wm.
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Supplementary Figure 6. Analysis of spinal interneuron subpopulations on spinal cords from
control, Dmrt3*” and Dmrt3” mice. a-g, Tracing analysis of spinal interneurons. a, Schematic
drawings of the Fluorescein-dextran amine (FDA) application sites and the area of analysis (box). b,
FDA commissural interneuron retrograde labelling at E12.5 showed that cells positive for Dmrt3
mRNA expression (red) intermingled, but did not overlap with the medioventral population of the
traced commissural interneurons (CIN, green). ¢, Retrograde labelling in E15.5 spinal cords

indicate that Dmrt3" interneurons extend projections both ipsilateral (IIN) and contralateral. Arrows
point to Dmrt3" interneurons also positive for the tracer (green). d, WT1 staining (arrows) with CIN
FDA tracing (arrowheads) at E15.5. e, Quantification of WT1" neurons and CINs at E15.5 (2
animals/genotype; control n=10 sections, Dmrt3” n=11 sections, Dmrt3” n=20 sections,
**P=0.0013). f, Retrograde labelling in PO spinal cords indicate a decrease of CIN in the Dmrt3™”. g,
Quantification of one segment (L2) projecting CIN at PO-P2 (3 animals/genotype; control n=10
sections, Dmrt3"" n=9 sections, Dmrt3” n=10 sections, *P=0.005 1). The spinal cord is outlined
with dashed line and labelling of transcription factors are indicated by colour. h, Double
immunolabelling of Brn3a (red, arrowheads) and Lbx1 (green, arrows). i, Quantification of
Brn3a/Lbx]1 positive neurons (control n=16 sections, Dmrt3"" n=15 sections, Dmrt3” n=21
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sections). j, Double immunolabelling of Pax2 (red, arrowheads) and Lbx1 (green, arrows), Pax2
and Lbx1 labelled cells (stars). k, Quantification of Lbx1/Pax2 positive neurons. No difference
between genotypes was found in the number of dI4, dI5, dI6 or VO neurons labelled by Brn3a, Pax2
and Lbx1 (control n=11 sections, Dmrt3" n=11 sections, Dmrt3” n=19 sections). 1,
Immunolabelling of WTT1 (red). m, Quantification of WT1 immunopositive neurons demonstrated
that loss of Dmrt3 leads to an increase of the dI6 subpopulation labelled by WT1 (control n=43
sections, Dmrt3"™" n=36 sections, Dmrt3” n=46 sections, **%¥P<(0.0001). The region of counted
neurons (white boxes) is shown in higher magnification, spinal cord edge (dashed line). Mean +

s.e.m. Scale bars: 70 um (b,c,d,h,j), 100 um (f), 50 um (1).
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Supplementary Methods

Horses

Samples from Icelandic horses used for the genome-wide analysis were collected in Sweden, with
the phenotype of each horse scored through a questionnaire sent out to horse owners. The other
gaited breeds, as well as the American Standardbreds, were collected in the US. The remaining
anonymous horse samples were from the biobank at the Animal Genetics Laboratory, SLU, Sweden.
Breeding field test scores on Icelandic horses were acquired from the Icelandic horse registry
WorldFengur (www.worldfengur.com) and phenotypic records and estimated breeding values for
Swedish Trotters were obtained from the database of the Swedish Trotting Association. Estimated
breeding values for harness racing traits in Swedish trotters are computed by the Best Linear
Unbiased Prediction (BLUP) method’. The estimated breeding values are based on performance
data for the total population. The values are adjusted for systematic fixed environmental effects and
combine the information from relatives with the horses’ own performance results. The published
estimated breeding values are scaled so that the value 100 represents the current population average
and selection of breeding animals with estimates above this value are thought to lead to genetic
improvement of the breed.

Genome wide association and SNP genotyping

PLINK®' was used for quality control and association analysis of the SNP data generated using the
Illumina EquineSNP50 BeadChip. The chip contains 54,602 SNPs and the average genotyping rate
was higher than 0.99. The following numbers of SNPs were excluded after quality control: 409
SNPs with more than 10% missing genotypes, 28 SNPs that departed significantly from Hardy-
Weinberg equilibrium (P<10°) and 14,555 with a minor allele frequency <5%. This left 39,815
SNPs to analyse. We used a full-model association test and permuted P-values 100,000 times to test
for significance under a recessive mode of inheritance. A Q-Q plot (not shown) as well as the
estimated genomic inflation factor (1.066) did not reveal that stratification was a concern in this
material.

A custom TagMan SNP Genotyping assays (Applied Biosystems) was used to genotype the
DMRT3 Ser301STOP mutation with the following primers and probes: forward primer:
CCTCTCCAGCCGCTCCT; reverse primer: TCAAAGATGTGCCCGTTGGA; wild-type probe:
CTGCCGAAGTTCG; mutant probe: CTCTGCCTAAGTTCG. The ABI PRISM 7900 HT
sequence detection system for 384-well format (Applied Biosystems) was used for the analysis.
Differences in mean value of earnings, BLUP values and breeding field scores were tested using
two-sample equal variance Student’s z-test.

Genome resequencing

DNA samples from two Icelandic horses, one female mutant DMRT3 homozygote and one male
control (homozygous wild-type) were prepared for sequencing. [llumina paired-end libraries were
generated from these DNA samples with mean insert sizes of approximately 220 bp. The two
libraries were sequenced (2 x 100 bp) on seven and five lanes respectively, using an [llumina HiSeq
instrument. The reads were mapped to the horse genome (EquCab2 reference assembly) using the
software BWA, and PCR-duplicates were removed using the software Picard
(http://picard.sourceforge.net). The average read depth obtained for each sample was approximately
30x. SNPs and small insertions/deletions were called from the mapping data after subjecting the
alignments to realignment around indels and then variant calling using the Genome Analysis
Toolkit (GATK)™. The variant calls were subjected to recommended VariantFiltrationWalker filters
for SNPs listed in the GATK wiki page

(http://www .broadinstitute.org/gsa/wiki/index.php/The Genome Analysis Toolkit) and read
alignments overlapping SNP and insertion/deletion calls within the 438 kb Gaif locus were then
manually reviewed to remove obvious artifact calls. Read depths observed in one kilobase windows
were used to call candidate duplications in the minimum IBD region, and mapping distances and

WWW.NATURE.COM/NATURE | 9



(HAIT\E N SUPPLEMENTARY INFORMATION

10

orientations between paired reads were used to detect structural variations in relation to the
reference assembly. The software ANNOVAR? was used to annotate SNPs in relation to Ensembl
genes.

Mice

Dmprt3 null mice were generated by deleting a sequence covering exon 1, which includes the start
codon and the DM binding domain of Dmrt3 (chr19:25,684,562-25,686,077; mm9; Dmrt3™" 178
(Supplementary Fig. 2)°. All animals used for experiments were from Dmrt3 heterozygous
breedings. All mice were kept according to the guidelines of Swedish regulation and European
Union legislation (ethical permits C350/10, C192/11, C248/11, C91/12). Control mice were always
littermates (wild-type; Dmrt3™").

Immunohistochemistry

The anti-Dmrt3 antibody was custom made in guinea pig using the immunizing peptide
CKQSIYTEDDYDERS-amide (Innovagen, Lund, Sweden). Antibodies were incubated in 5% goat
serum, 0.3% BSA in PBS in the following dilutions: mEvx1 1:50 (Developmental Studies
Hybridoma Bank, University of lowa, lowa City, [A), gpLbx1 1:10,000 (kind gift from C.
Birchmeier, MDC, Berlin, Germany), rPax2 1:1000 (Covance), mBrn3a 1:500 (Millipore
Bioscience Research Reagents), mPax7 1:100 (Developmental Studies Hybridoma Bank), rbLmx1b
1:2000 (gift from Yu-Qiang Ding), rJagged 1:20 (Developmental Studies Hybridoma Bank), tbWt1
1:500 (Santa Cruz Biotechnology, Inc., Santa Cruz, California, USA), chGFP 1:1000 (Abcam).
Quantitative analysis of the antibody staining was statistically analysed using one-way ANOVA
followed by Bonferroni’s post hoc test.

RTqPCR

Lumbar spinal cord from 3 weeks old mice (n=6 wild-type, n=4 Dmrt3"", n=4 Dmrt3"") were
dissected and snapfrozen. RNA was isolated using RNeasy kit (Qiagen) followed by DNAse |
treatment (Fermentas) to remove DNA contamination. 0.8 pug of each RNA sample was reverse
transcribed using M-MLYV reverse transcriptase (Life-technologies) and used for qPCR. Primers for
DMRT1, DMRT2, DMRT3 and DMRT4 were designed using Primer3plus and single product
formation was evaluated from melting curves for each primer pair (listed in table below).

Real time PCR was carried out in triplicates for each sample using KAPA™ SyBr® FAST qPCR
Kit (KAPA Biosystems Inc., Woburn, USA) and Bio-Rad iCycler™ (Bio-Rad). PCR efficiencies of
primer pairs were calculated by linear regression method (LinRegPCR). Cq values were normalized
to the geometric mean of the two most stable reference genes, Tubulin-betaS and Rp/19 tested on
geNorm algorithm. Relative expression was determined from normalized Cq values and analysed
using one-way ANOVA followed by Bonferroni’s post hoc test.

Adult mouse locomotor behaviour
Adult motor behaviour was analysed in 6-8 week old mice of mixed gender. The body weight of
each animal was measured daily since Dmr3” mice develop dental malocclusions after
approximately 2 months of age”. Only Dmr#3” mice that had a normal growth curve and without a
detectable teeth complication were included in the analysis. The experimenter was blind to
genotype while performing and analysing experiments.

Fine motor coordination was evaluated using a beam-walking test. The device consisted of a
1 m long and 12 mm in diameter round wooden beam positioned 35 cm above the ground. Mice
were trained on a 24 mm beam before the experiment. Each animal (n=5 control, n=7 Dmrt3" ", n=6
Dmrt3") was analysed three times per day for three days and the number of hind limb slips and
latency time was scored (maximum cut of time was 30 s).

Swimming performance was analysed by placing the mouse in a glass cylinder filled with
25 °C water, depth 25 cm (n=>5 control and Dmrt3”", n=7 Dmrt3""). Swimming activity was defined
as the time spent moving using at least three paws paddling. A mouse was considered immobile

WWW.NATURE.COM/NATURE



SUPPLEMENTARY INFORMATION RHaYZ\i{H;]

when floating or making occasional paddling movements. A third parameter termed twitching was
also recorded, defined as high frequent twitch/cramp-like limb movement without full extension.
The duration for each activity was recorded during one minute after placing the mouse in the
cylinder.

Gross muscle impairment was evaluated using the hanging wire test. Four limb wire
hanging test was performed by placing the mouse on a wired cage top which was slowly inverted 35
cm over a padded cage. The hanging latency time was recorded with a maximum cut of time of 90 s
(n=>5 control, n=7 Dmrt3*", n=6 Dmrt37).

Gait analysis was performed using the TreadScan (CleverSys, Reston, VA) apparatus. Mice
were acclimatized in the setup and trained at a treadmill speed of 6 cm/s. The analysis was
conducted at five speeds 9, 15, 20, 25 and 30 cm/s, repeated for three consecutive days
(n=5/genotype; control: 2 males, 3 females, Dmrt3™: 4 males, 1 female, Dmrt3": 3 males, 2
females). Mice refusing to run were stimulated to do so using a spatula. Recordings at 100 frames/s
for 20 s were acquired with the TreadScan software. The ability to maintain locomotion at a certain
speed was defined as five complete stride cycles. Segments of 500-1500 frames (corresponding to
at least 10 complete step cycles) where the animal displayed continuous locomotion were selected
for automated gait analysis using the TreadScan software. Gait analysis was performed at 20 cm/s
(n=11-12 trials, 5 animals/genotype) as well as 9 and 15 cm/s (n=4-9 trials, 3 animals/genotype).
Recorded steps were manually examined and incomplete and miscalculated steps were excluded.
The gait parameters stride, stance, break, propulsion and swing time were automatically calculated
and average values for each limb and trial were used for statistical analysis.

TreadScan data was normally distributed and analysed for statistical significance using one-
way ANOVA with Bonferroni post-hoc test. The ability to maintain a certain treadmill speed was
analysed with Fisher’s exact test for the total number of trials (n=15/genotype). One-way ANOVA
followed by Bonferroni post-hoc test was used to examine beam-walk and swimming behaviour.
Probability values <0.05 were considered statistically significant.

Postnatal development analysis

Locomotor development was analysed in neonatal control, Dmrt3"" and Dmrt3”" mice between P2
and P7. The mouse was placed on a flat surface and recorded from the side or above. The ability to
turnaround after lying on its back (two trials, P2-P5: n=3 control, n=3 Dmrt3"™", n=4, Dmrt3”", P6:
n=>5 control, n=7 Dmrt3"", n=6 Dmrt3"") was monitored daily. Weight-bearing locomotion (defined
as the ability to move using all limbs without touching the ground surface with its belly), with or
without tail pinch stimuli, was analysed between P5 and P7 (P5: n=5 control, n=7 Dmrt3"", n=8
Dmrt3", P6-P7: n=6 control, n= 10 Dmrt3™", n=9 Dmrt3" 7). The experimenter was blind to
genotype while performing and analysing experiments. Groups were analysed for statistical
significance with Fisher’s exact test.

Airstepping

On postnatal (P) day P0.5-P1.5 (named P1 in figure) or P3.5-P4.5 (named P4 in figure) mice were
placed in a soft fabric for holding the body. The four legs were freely hanging down and the head
was freely movable. A high-speed camera (100 frames/s) recorded the movements from below,
paws were painted to provide contrast. Leg movements were stimulated by finger pressure over the
tail. 2x20 seconds were recorded for each mouse. Analysis: The video was played at ¥4 of the
normal speed and hind limbs were scored for the following parameters: Alternating step, Repeated
one limb movement, Uncoordinated step or Synchronous step. The procedure was then repeated for
the forelimbs. (P4: n=3 control, n=4 Dmrt3™", n=4, Dmrt3”", P1: n=4 control, n=4 Dmrt3"", n=4
Dmrt3™"). Each parameter was then statistically tested using the Kruskal-Wallis test followed by
Dunn’s multiple comparison test. The experimenter was blind to genotype while performing and
analysing experiments.
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Extracellular electrophysiology

P0-P2 mice were anesthetized with isoflurane and decapitated, eviscerated and submerged in ice-
cold dissection buffer containing the following (in nM: 128 NaCL, 4.69 KCI, 25 NaHCO3, 1.18
KH;,PO4, 3.5 MgS0s, 0.25 CaCl; and 22 D-Glucose; equilibrated with 95% O, and 5% CO). The
spinal cord was carefully dissected out of the spinal column and placed in a Sylgard-coated
recording chamber. The spinal cord was then left for 30 min to recover continuously perfused with
aCSF containing the following (in nM: 128 NaCL, 4.69 KCl, 25 NaHCOs, 1.18 KH;PO4, 1.25
MgSO,, 2.5 CaCl, and 22 D-Glucose; equilibrated with 95% O, and 5% CO,). Suction electrodes
were attached to left and right L2 and L5 roots and locomotion was induced using 6 uM NMDA
and 6 uM SHT or 5 uM NMDA, 10 uM 5HT and 50 uM Dopa. Spinal cords were also treated with
500 uM Nipecotic acid and 500 uM Sarcosine or 10 uM Picrotoxin and 1 uM Strychnine. Fictive
locomotion was analysed using the Matlab-based programs Spinalcore and Neurodata *. For
analysis in Spinalcore the data was downsampled to 100 Hz and rectified. A Morlet wavelet
transform was used to extract the phase and frequency from 400 seconds of recorded fictive
locomotion. For analysis in Neurodata, 600 seconds of fictive locomotion was low-pass filtered at 5
Hz, rectified and high-pass filtered at 0.01 Hz. The resulting trace was analysed for burst, interburst
and cycle period duration as previously described®* and tested using the Kruskal-Wallis test
followed by Dunn’s multiple comparison test. The Neurodata analysis was also used to create the
circular plots and subsequently tested with Rayleigh test (n=6 control, n=6 Dmrt3*", n=6 Dmrt3™).
For treatment with nipecotic acid and sarcosine, n=3 Dmrt3 7. for treatment with picrotoxin and
strychnine, n=2 control and n=1 Dmrt37.

RNA in situ hybridization on mouse tissue

Spinal cord biopsies (1-2 cm) were immediately dissected and fixed for 48 h in 4% formaldehyde in
PBS. Tissue was cryoprotected in 10% and 30% sucrose in PBS, embedded in TissueTec® and
sectioned (E11-E12.5, 14 um; PO-adult, 70 pm (floating sections)). In sifu hybridization
experiments were performed essentially as described®® with an antisense DIG-labelled mRNA probe
for mouse DMRT3 covering 997 nucleotides of the transcript (from 1404 to 2401, NM_177360.3),
the VIAAT probe covers nucleotides 588-2072 (GenelD:18208/NM_008744.2) and the Vglut2 probe
covers nucleotides 1616-2203 (NM_080853.2). Hybridization was performed at 61°C O/N. Bound
probe was detected using anti-DIG Fab fragments conjugated to alkaline phosphatase (Roche
Diagnostics Scandinavia, Stockholm, Sweden) followed by incubation in NBT/BCIP (Roche
Diagnostics) chromogenic substrate.

Tracing

Spinal cords for tracing were prepared from mice at E15.5 and PO-P2. PO—P2 mice spinal cords
were prepared as described earlier *°. 3000 MW fluorescein-dextran-amine (FDA) (Invitrogen) was
used for retrograde tracing of CIN's as described previously” . Tracings on E15.5 embryos were
performed essentially the same way, but the spinal cord remained within the vertebral column
during tracer application and incubation. During dissection, animals were kept in ice-cold
oxygenated (95% 0,/5% CQO,) artificial cerebrospinal fluid (aCSF [mM]: 128 NaCl, 4,69 KCl, 2.5
CaCl,, 1.25 MgS0s4, 1.18 KH,PO4, 25 NaHCOs3, 22 glucose, pH 7.4). Preparations were then
incubated in a dark box in oxygenated aCSF at room temperature for 12—16h and then fixed in 4%
paraformaldehyde (PFA) in 0.1 M PBS, pH 7.4 and stored dark at 4°C. PO-P1 spinal cords were
stored for one week before cut into 60 pm thick transverse sections on a vibratome (Leica) and
stored in the dark at —20°C until analysis. E15.5 samples for immunohistochemistry studies were
fixed for 2 h and then transferred to 30% sucrose in PBS at 4°C overnight. The samples were
embedded in TissueTec® and 12 um sections were cut using a cryostat (CM 1800, Leica), collected
onto Superfrost slides (Menzel-Gldser) and stored in the dark at —80°C until usage for additional
immunohistochemistry staining. Quantification of CINs and Wt1" neurons at E15.5 was done on 2
animals/genotype and the number of sections as indicated. Quantification of one segment (L2)
projecting CIN at PO-P2 was done on 3 animals/genotype and the number of sections as indicated.
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Trans-synaptic tracing of interneurons

Attenuated pseudorabies virus strain Bartha (PRV Bartha) expressing enhanced green fluorescent
protein (PRV152) was generously provided by Dr. Lynn Enquist (Princeton University, Princeton,
NJ). PRV152 has been widely used for transneuronal tracing'®*® as the cell body, nucleus and
processes of the infected neurons are filled with EGFP. The virus was grown in pig kidney cells and
the titers were set to a final concentration of 4.86x10® plaque forming units (pfu/ul). The
experiments were performed on P2 mice. All procedures were carried out according to Bio Safety
level 2 conditions in accordance with the Work Environment Authority in Sweden. 24 h prior to the
viral injection the mice were injected (IP, 50 ug/g in 0.9% physiological saline) with a retrograde
label Fluorogold (FG; Fluorochrome, Denver, CO) to produce global labelling of somatic motor
neurons. The animals were anesthetised on ice and 3-4 ul injections of PRV152 were made in
multiple sites of the tibialis anterior (TA) or gastrocnemius (GC) muscle using a 10ul Hamilton
syringe with a 34 gauge needle (NanoFil, World Precision Instruments). 38-40 h post-injection the
mice were decapitated, the spinal cords dissected and immersed in 4% paraformaldehyde overnight.
The following day the tissue was cryoprotected in 30% sucrose, cast frozen in O.C.T (Tissue Tek,
Histolab, Gothenburg, Sweden) sectioned at 14 um on a cryostat and processed using
immunohistochemistry as described above.

Expression analysis using horse tissue

Spinal cord, muscle and testis samples were collected immediately after the horses were sacrificed
and put into RNAlater or snap frozen in liquid nitrogen. RNAlater samples were kept at 4°C for 24
h followed by storage at -80°C until further processing. The spinal cord samples were extracted
using the RNeasy Lipid Mini protocol (Qiagen) whereas the testis sample was processed with the
regular RNeasy Mini kit (Qiagen). Samples used for gPCR were subjected to two on-column DNase
treatments. The whole DMRT3 transcript of wild-type and mutant horses was PCR amplified using
2 pg of RNA that had been reversed transcribed using the RevertAid Premium First Strand cDNA
synthesis kit (Fermentas; First strand cDNA synthesis protocol with a 1:1 mixture of random
hexamer primers and oligo (dT)18 primer) using primers spanning exon-intron boundaries. The
PCR mixture was as follows: 1x KAPA2G GC buffer with 1.5 mM MgCl,, 0.2 mM dNTPs, 0.2 pM
of each forward and reverse primer and 0.2U KAPA2G Robust Hotstart Polymerase (KAPA
Biosystems).

RNA samples used for gPCR were subjected to an additional DNase treatment after
extraction (DNAfree Kit, Ambion) to further minimize potential DNA contaminations. RNA
samples were tested for absence of DNA contamination by performing qPCR on an aliquot of each
sample that had not been reverse transcribed. Two pg of each DNA-free sample were reverse
transcribed and used for qPCR. Primers and probes were designed using Primer3plus and evaluated
for secondary structure using the online tool mfold. PCR efficiency and specificity of the primers
were tested in a SYBRgreen assay (Applied Biosystems) first using a final concentration of 1X
SYBRgreen PCR Master Mix and 1 pM of each primer in a 10 pl reaction. The standard curve, a
10X dilution series, was generated from cDNA obtained from testis. The standard curve was run on
a 7900 HT Fast Real Time PCR. Primer pairs with a PCR efficiency between 92-102% and only
one product in the melting curve analysis were chosen for the following genes: DMRT3, ACTB and
185, The probes were labelled with 5'-6FAM and 3'-MGB (Applied Biosystems). The gene
expression assay was performed using 2 pul cDNA in a 10 pl reaction volume (1x Gene expression
Master Mix from Applied Biosystems, 0.8 uM of each primer and 0.25 uM labelled probe) with the
following thermal cycling program: 50°C for 2 min, 95°C for 10 min, 95°C for 15 s and 60°C for 1
min. The PCR products were sequenced to verify their identity. The primer sequences are listed in
table below.
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RNA in situ hybridization using horse tissue

Spinal cord biopsies (1-2 cm) were immediately dissected and fixed for 48 h in 4% formaldehyde in
PBS. Tissue was cryoprotected in 10% and 30% sucrose in PBS, embedded using a TissueTec
system (Sakura Fintek) and sectioned (25 pm). /n situ hybridization was performed essentially as
described®, with an anti-sense DIG-labeled mRNA probe for horse DMRT3 covering the whole
transcript (1540 bp). Hybridization was performed at 61°C overnight. Detection of bound probe
was done using anti-DIG Fab fragments conjugated to alkaline phosphatase (Roche Diagnostics),
followed by NBT/BCIP (Roche Diagnostics) chromogenic substrate.

Transfection experiments

Wild-type horse cDNA from testis was PCR amplified and cloned into a pcDNA3 vector
(Invitrogen) containing an N-terminal myc-tag, using One Shot TOP10 chemically competent E.
coli (Invitrogen). A truncated mutant form of DMRT3 was generated by placing the reverse primer
at the position of the nonsense mutation. Plasmid constructs were sequenced to verify a correct
reading frame. The Plasmid Plus Maxi kit (Qiagen) were used to isolate DNA for EMSA and
transfection experiments. eGFP-DMRT3 fusion proteins were generated by ligating DMRT3 in
frame after a N-terminal eGFP in pcDNA3. Human glioma U251 cells were grown on coverslips
and transfected with wild-type or mutant eGFP-DMRT3 using Lipofectamine LTX (Life
Technologies). Cells were fixed after 24 h and nuclei stained with DAPI and anti-DMRT3 custom
made in guinea pig antibody. Images were captured on a ZEISS LSM 510 META confocal
microscope.

Electrophoretic mobility shift assays (EMSA)

The oligonucleotide 5'-ggatccTCGAGAACAATGTAACAATTTCGCCC-3' and its complementary
sequence were annealed in 10 mM Tris pH 7.5, 1 mM EDTA, 50 mM KCI by firstly heating to
95°C for 2 min and thereafter cooled to 25°C (2 min/degree). The duplex was labelled with Klenow
DNA polymerase and [a-32P]-dCTP and purified using a Bio-Rad Micro Bio-Spin 30 column.
DMRT3 wild-type and mutant protein were produced by in vitro-translation using a TNT Quick
Coupled Transcription/Translation System (Promega). EMSA was performed as described® with
the following modifications; no plasmid DNA was added and 0.8 pl in vitro-translated protein and
150x cold competitor were used. The reaction mixture was incubated in room temperature (RT) for
40 min. Gels were run at 150 V in RT. The same procedure was repeated for the DMRT1 binding
site using the oligonucleotide 5’-ggatccTCGAGATTTGATACATTGTTGC -3°.

Imaging and picture processing

Bright field images were analyzed on a MZ16F dissection microscope with DFC300FX camera and
FireCam software (Leica). Fluorescent and bright field images were viewed in an Olympus
BX61WI microscope (Olympus, Sweden). For quantitative analyses of traced spinal cords, the
application sites were identified and consecutive photographs were taken between the two
application sites using the OptiGrid Grid Scan Confocal Unit (Qioptiq, Rochester, USA) and
Volocity software (Improvision, Lexington, USA). Confocal images were captured on a ZEISS
LSM 510 META confocal microscope and analysed using the ZEISS LSM510 image analysis
software. Captured images were adjusted for brightness and contrast using Adobe Photoshop
software.

Statistical analyses

Data are expressed as mean + s.e.m. or as indicated. Groups were compared using one-way
ANOVA or two-tailed two-sample equal variance student 7-test (parametric data) and Kruskal-
Wallis or Mann-Whitney U-test (non-parametric data) as determined by group and sample size as
well as normal distribution test. Fisher’s exact test was used when analysing categorical variables.
Statistical testing was done using the GraphPad Prism software. Probability levels <0.05 were
considered statistically significant. Rayleigh test was used to test whether the phase of recorded
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signals were distributed non-uniformly in the circular phase space (0° - 360°). See each paragraph
above for statistical details.

Primers used for Sanger sequencing and quantitative PCR

Gene Forward Primer (5'->3") Reverse Primer (5'->3') Specie  Probe Method
KANK1 taatacgactcactatagggGAGAAGTGGCGGGGAATTAT GCCCCACGACTTTATTCTCA horse - Sequencing
KANK1 taatacgactcactataggg CAGAGGACACATCTGCCTGA CAAAACCATCCTGGAAATGG horse - Sequencing
KANK1 taatacgactcactatagggGCTTCTGGCCTCACGAAATA TGGCATGAAGACACCACAAT horse - Sequencing
KANK1 taatacgactcactataggg AAGTCGACTGAGGGGCTCTT ACCTTGGCCCAGATAGGTTT horse - Sequencing
KANKI1 taatacgactcactatagggGCAACCCAGGTTATCCCTTT TCACCTTCTGCACTTGCATT horse - Sequencing
DMRT3 CTCCTTCCAAGAAGCCTGTG AGAGTCTGCGGAAAACCTCA horse - Sequencing
DMRT3 GAGCACGCTCAGACCCTATC AAAGAGCTCCGAAGTTTTTGC horse - Sequencing
DMRT3 AGCTCTTCCGGGAGCTCAG TCGATTCGGTCATGTGAAAA horse - Sequencing
DMRT3 GACCTTCAGCGACAAAGACA CCTTCATCCACAGACACGAC horse CGACCAGAGGAGCTCCCCAG gqPCR

18s AGTCCCTGCCCTTTGTACACA GATCCGAGGGCCTCACTAAAC horse CGCCCGTCGCTACTACCGATTGG gPCR
ACTB TGACCCTCAAGTACCCCATC TGCCAGATCTTCTCCATGTC horse AGCACGGCATCGTCACCAACT gPCR
Tubfs AGTGCTCCTCTTCTACAG TATCTCCGTGGTAAGTGC mouse - gPCR
Rpl19 AATCGCCAATGCCAACTC GGAATGGACAGTCACAGG mouse - gqPCR
Gapdh GCCTTCCGTGTTCCTACC GCCTGCTTCACCACCTTC mouse - gqPCR
Dmrt3 AGCGCAGCTTGCTAAACC GAGCTCCTCTGATCGGTGTC mouse - gPCR
Dmrtl GCCCAGGAAGAAGAACTGG GGGTTGCTGGCATTATTCTC mouse - gPCR
Dmrt2 ATTTCGATCGGAAAGCAGTG ACTGACAGGCGGAGGTAGAG mouse - gPCR
Dmrt4 TCGAGGTTTTCCAGCAAGAT TCTCCACGGTCACATTACCC mouse - gPCR
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Supplementary Notes

Description of gaits

Gait, or the coordination of limb pattern used in locomotion, can be described by cadence
(two-beat versus four-beat), foot-fall sequence, and timing (regular versus irregular, and lateral
versus diagonal). Natural gaits of the domestic horse and other equids include the walk (four-beat,
lateral gait at slow speed, ~6 km/h, with equal timing between footfalls), the trot (two-beat diagonal
gait at intermediate speed, ~23 km/h) and the gallop (four beat, fast gait, ~40-50 km/h). A
Standardbred trotter can trot at 50 km/h. The canter, a collected form of the gallop is also a
naturally occurring gait distinguished from the gallop since collection results in a 3-beat cadence.
Several horse breeds have been selected for the ability to perform gaits other than the walk, trot and
gallop. These gaits are all performed at intermediate speed and often in place of the trot, although in
4- and 5-gaited Saddlebreds and 4- and 5-gaited Icelandic horses, alternate gaits are performed in
addition to the trot™®.

With the exception of pace, which is characterized by a two-beat cadence, alternate gaits
performed by domestic horse breeds have a four-beat cadence, classified as “stepping” or “ambling”
gaits due to a lack of an airborne (or suspension) phase*'. In general the footfall sequence is left
hind (LH), left fore (LF), right hind (RH) and right fore (RF). In the walk, the body is supported by
two or three limbs at any given time, whereas in the various alternate gaits, the body may be
supported by one and up to four limbs at a time*'. Limb support sequences describe the pattern of
limb support or the number of feet in contact with the ground at any given time (Supplementary
Table 1). The gait of horses may have either a regular rhythm, in which the timing between each
successive foot-fall is even or an irregular rhythm, in which the timing between successive foot-
falls is not even. Gaits with irregular timing are characterized by having either lateral or diagonal
couplets. With lateral couplets, the footfalls of ipsilateral feet (i.e. LH and LF) occur closely
together in time, whereas with diagonal couplets foot-fall between the forelimb and the contralateral
hind limb (i.e. RF and LH) are closely related in time*. Some alternate gaits are also distinguished
by differences in foot placement™® (i.e. over-reach in the running walk) or animation of joint
motion** (i.e. “termino” or outward rolling motion of the forelimbs in the Peruvian Paso).
Characteristics of the alternate four-beat gait(s) based on kinematic analysis of the breeds included
in this study are outlined in Supplementary Table 1. To the authors’ knowledge, published
descriptions of kinematic analysis of the gait of the Kentucky Mountain Saddle horse are not
available.

16 | WWW.NATURE.COM/NATURE



SUPPLEMENTARY INFORMATION RHaYZ\i{H;]

Supplementary References

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44.

Li, Q. et al. Nuclear localization, DNA binding and restricted expression in neural and germ cells of
zebrafish Dmrt3. Biol. Cell. 100, 453-463, (2008).

Murphy, M. W., Zarkower, D. & Bardwell, V. J. Vertebrate DM domain proteins bind similar DNA
sequences and can heterodimerize on DNA. BMC Mol. Biol. 8, 58, (2007).

Arnason, T. Genetic evaluation of Swedish standard-bred trotters for racing performance traits and
racing status. J. Anim. Breed. Genet. 116, 387-398 (1999).

Purcell, S. et al. PLINK: a tool set for whole-genome association and population-based linkage
analyses. Am. J. Hum. Genet. 81, 559-575 (2007).

DePristo, M. A. et al. A framework for variation discovery and genotyping using next-generation DNA
sequencing data. Nat. Genet. 43, 491-498, (2011).

Wang, K., Li, M. & Hakonarson, H. ANNOVAR: functional annotation of genetic variants from high-
throughput sequencing data. Nucleic Acids Res. 38, e164, doi:10.1093/nar/gkq603 (2010).

Zhang, Y. et al. V3 spinal neurons establish a robust and balanced locomotor rhythm during walking.
Neuron 60, 84-96, (2008).

Enjin, A. et al. Identification of novel spinal cholinergic genetic subtypes disclose Chodl and Pitx2 as
markers for fast motor neurons and partition cells. J. Comp. Neurol. 518, 2284-2304 (2010).
Wegmeyer, H. et al. EphA4-dependent axon guidance is mediated by the RacGAP alpha2-chimaerin.
Neuron 55, 756-767, (2007).

Eide, A. L. & Glover, J. C. Development of the longitudinal projection patterns of lumbar primary
sensory afferents in the chicken embryo. J. Comp. Neurol. 353, 247-259, (1995).

Card, J. P., Enquist, L. W. & Moore, R. Y. Neuroinvasiveness of pseudorabies virus injected
intracerebrally is dependent on viral concentration and terminal field density. J. Comp. Neurol. 407,
438-452 (1999).

Rosengren Pielberg, G. et al. A cis-acting regulatory mutation causes premature hair graying and
susceptibility to melanoma in the horse. Nat. Genet. 40, 1004-1009, (2008).

Zips, S., Peham, C., Scheidl, M., Licka, T. & Girtler, D. Motion pattern of the toelt of Icelandic horses
at different speeds. Equine Vet. J. Suppl., 109-111 (2001).

Nicodemus, M. C. & Clayton, H. M. Temporal variables of four-beat, stepping gaits of gaited horses.
Appl. Animal Beh. Sci. 80, 133-142 (2003).

Hildebrand, M. Symmetrical gaits of horses. Science 150, 701-708 (1965).

Nicodemus, M. C., Holt, K. M. & Swartz, K. Relationship between velocity and temporal variables of
the flat shod running walk. Equine Vet. J. Suppl., 340-343 (2002).

Imus, B. Heavenly Gaits: The Complete Guide to Gaited Riding Horses. 11-24 (Crossover
Publications, 1995).

WWW.NATURE.COM/NATURE | 17



(HAIT\E N SUPPLEMENTARY INFORMATION

Supplementary Movie Legends

Supplementary Movie 1

This movie shows a side view of a heterozygous (CA) Swedish Standardbred trotter that performs a
fairly symmetric and normal trot stride as well as a very asymmetric stride. The horse is unable to
stay consistently in trot at a speed where a wild-type horse would switch to canter. The slow-motion
movie covers a period of about 5 seconds, during which 9 step-cycles are performed (QuickTime;
10 MB).

Supplementary Movie 2

This movie shows a side-by-side view of wild-type and Dmrt3”~ mice (KO) mice during swimming.
The last part of the movie is in 0.2x slow-motion. By following the hindlimbs during the course of
the movie, fast short-stroke movements can be seen in the Dmrt3”™ mice (MPG; 9 MB).

Supplementary Movie 3

This movie shows wild-type and Dmr#3”" mice during treadmill locomotion. Parts of the movie are
in 0.2x slow-motion. By following the limb movements during the course of the movie, differences
in stride length can be seen as well as the difficulty for the Dmrt3” animals to manage higher
treadmill velocities (MPG; 23 MB).

Supplementary Movie 4

This movie shows wild-type and Dmr¢3”" mice during airstepping. Part of the movie, showing the
P4 animals, is in slow-motion. By following the limb movements during the course of the movie,
differences in coordination abilities can be seen in 4- and 1-day old wild-type and Dmrt3”~ mouse
pups (MPG; 30 MB).
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Supplementary Table 1. Description of the phenotypic manifestation of the DMRT3 nonsense mutation in gaited horses and in Standardbred horses used for harness racing.

Limb support

Breed Gait Cadence Rythm/timing*® phases*” Other characteristics
with increasing velocity may have periods of single limb support ™. http://www.youtube.com/watch’
o1t 4-beat regular 3,2,3,2 TrWeWymJDw
Icelandic horse pace 2-beat NA 2,0,2 http://www.youtube.com/watch?v=hJaDIfLBLtc
over-reach of hind limb placement with hind limb foot placement exceeding fore limb placement up to 60 cm™ .
Tennessee Walking Horse  running walk 4-beat irregular, lateral couplets 3,2,3,2 http://www.youtube.com/watch?v=wuqN9n4RF4Y
classic fino 4-beat regular 3,2,3,2 http://www.horsechannel.com/horse-exclusives/paso-fino.aspx
paso corto 4-beat irregular, diagonal couplets ~ 3,2,1,2 http://www.horsechannel.com/horse-exclusives/paso-fino.aspx
Paso Fino paso largo 4-beat irregular, diagonal couplets 3,2,1,2 http://www.horsechannel.com/horse-exclusives/paso-fino.aspx
“termino” or outward rolling motion of the forelimbs
paso llano 4-beat regular 3,2,3,2 http://www.youtube.com/watch?v=ompAp8kbTU8&feature=related
Peruvian Paso sobreandando 4-beat irregular, lateral couplets 3,2,3,2 “termino” or outward rolling motion of the forelimbs *’
Missouri Fox Trotter fox trot 4-beat irregular, diagonal couplets 3,2,3,2 http://www.youtube.com/watch?v=X14lknnY 6JM& feature=related
Rocky Mountain Horse rocky mountain rack 4-beat regular 3,2,3,2 http://www.horsechannel.com/horse-breeds/mountain-horse-gaits.aspx
trot 2-beat NA 2,0,2 natural intermediate speed gait of equids ~http:/www.youtube.com/watch?v=x30m2NuFCIE&feature=related
Standardbred pace 2.beat NA 2,0,2 2-beat lateral gait http://www.youtube.com/watch?v=qz_gRIcBapU&feature=related

NA= not applicable

Supplementary Table 2. Fine-mapping results from Sanger sequencing of KANK7 and DMRT3 exons and evenly spread non-coding sequences within the 684 kb chromosome interval identified in the genome-

wide association study. The DMRT3 nonsense mutation is shaded in dark gray and the IBD haplotype in light gray.
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Twilight™*  Thoroughbred 3 GG A T AA cc GG AA AA cc GG GG GG cc cc GG AA ™ cc T cc - - cc cc AA GG
Horse 1 Icelandic Horse 4 S(GIC) R(GA? KGT) GG Y(T/C) GG RAG) MAC) CC GG R(GA) GG S(GC) Y(TIC) S(GIC) R(GA) Y(TIC) AA  Y(TC)  CC T cc cc GG AA GG
Horse2 lcelandic Horse uk cc AA T GG cc GG AA AA cc GG Gf GG GG ™ cc GG cc cc T cc T cc cc GG AR -
Horse3 lcelandic Horse 4 S(GIC) R(G/A) KGT) GG Y(T/C) GG R(GA) MAC) CC GG R(GA) GG  S(GIC) Y(TC) S(G/C) R(GA) Y(TIC) MAC) TT cc s cc cc GG - GG
Horse4 lcelandic Horse 4 GG GG GG GG T GG GG cc cc GG AA GG cc cc GG AA ™ AA ™ cc T cc cc cc - -
Horse5  Icelandic Horse 4 S(GIC) RGA) KGT) GG Y(/C) GG R(GA) MAC) CC GG R(GA) GG S(GIC) Y(TC) S(GIC) R(GA) Y(TIC) MAC) TT cc T cc cc GG - -
Horse 6 lcelandic Horse 4 GG GG GG GG T GG GG cc cc GG AA GG cc cc GG AA ™ AR s CT  Y(TIC) Y(TIC) M(CI/A) S(GIC) WAT) -
Horse7  lcelandic Horse 5 GG GG GG GG T GG GG cc cc GG AA GG cc cc GG AA ™ AA T ™ cc T AA cc T cc
Horse8 lcelandic Horse 5 GG GG GG GG T GG GG cc cc GG A GG cc cc GG AA ™ AR T ™ cc T AA cc T cc
Horse9  lcelandic Horse 5 GG R(G/A) KGT) GG  Y(TIC) GG R(G/A) MAC) Y(TIC) GG R(G/A) S(GIC) CC cc GG AR ™ (AC) Y(TIC)  TT cc T AA cc T cc
Horse 10 Icelandic Horse 5 GG R(G/A) KGT) GG  Y(TIC) GG R(G/A) MAC) Y(TIC) GG R(G/A) S(GIC) CC cc GG AA ™ A T ™ cc T AA cc - cc
Horse 11 Icelandic Horse 5 GG GG GG GG T GG GG cc cc GG AA GG cc cc GG AR ™ AA T ™ @ T AA e - @
Horse 12 Icelandic Horse 5 GG GG GG GG s GG GG cc cc GG AA GG cc cc GG AA ™ AA T ™ @@ T AA cc - cc
Horse 13 Icelandic Horse 5  S(GIC) RGA) GG GG Y(TC) GG R(GA) MAC) CC GG R(GA) GG  S(GIC) Y(TC) S(GIC) R(GA) Y(TIC) MAC) TT ™ Ge T AA CC - cc
Horse 14 Kentucky Mountain Horse  uk GG R(G/A) K(GT) S(GIC) Y(TIC) R(G/A) R(A/G) M(AC) CC  S(GIC) R(G/A) GG cc cc GG AA ™ AR T ™ cc T AA cc T -
Horse 15 Cold-blooded trotter GG R(G/A) K(GT) S(GIC) Y(TIC) R(G/A) R(AG) M(AC) CC  S(GIC) R(G/A) GG cc cc GG AA ™ AR ™ ™ cc T AA cc T cc
Horse 16 Cold-blooded trotter CC  R(GA) K(GT) S(G/IC) Y(TIC) R(GA) R(GA) MAC) - - - - - - - - - - - ™ cc T AA cc - cc
Horse 17 Cold-blooded trotter cc A TT  S(GIC) CC  R(GA) AA A CC  S(GIC) R(G/A) GG cc cc GG AA ™ AR T ™ (] T AA cc - cc
Horse 18 Cold-blooded trotter cc AA T cc cc AA AA AA cc cc GG GG cc cc GG AA ™ AA T ™ cc T AA cc - cc
Horse 19 Cold-blooded trotter cc GG GG GG s GG GG cc cc GG AR GG cc cc GG AA ™ AR T ™ cc T AA cc - cc
Horse 20 Cold-blooded trotter cc AR ™ cc cc AR AA AA - - - - - - - - - - - ™ Ge T AA @ - cc
Horse 21 Cold-blooded trotter CC  R(@GA) GG S(GIC) Y(TIC) R(GA) R(G/A) MAIC) CC  S(GIC) R@GA) GG cc cc GG AA ™ AA T ™ cc T AA cc - cc
Horse 22 Cold-blooded trotter cc GG GG GG T GG GG cc cc GG AA GG cc cc GG AA ™ AA s ™ CC T AA cc - cc
Horse 23 Swe Standardbred cc AA T GG cc GG GG AA cc GG GG GG cc cc GG AA ™ AA T - cc T AA cc - cc
Horse 24 Swe Standardbred CC  R(GA) GG S(GIC) Y(TIC) R(GA) R(G/A) MAIC) CC  S(GIC) R(GA) GG cc cc GG AA ™ AA T - cc T AA cc - cc
Horse 25 Swe Standardbred GG GG GG GG T GG GG cc cc GG AA GG cc cc GG AA ™ AA T ™ cc T AA cc T -
Horse 26 Swe Standardbred cc GG GG GG s GG GG cc - - - - - - - - - - - ™ cc T AA cc - cc
Horse 27 Swe Standardbred CC  R(GA) GG GG Y(TC) GG R(GA) MAC) CC GG R(GA) GG cc cc GG AA ™ AA T ™ Ge T AA @ - cc
Horse 28 Swe Standardbred CC  R(GA) K@GT) GG Y(TIC) GG RGA) MAC) - - - - - - - - - - - ™ cc T AA cc - cc
Horse 29 Swe Standardbred CC  R(GA) KGIT) GG Y(TIC) GG R(GA) MAC) CC GG R(GA) GG cc cc GG AA ™ AA T ™ CC T AA CC - cc
Horse 30 Swe Standardbred cc GG GG GG s GG GG cc cc GG R(GA) GG cc cc GG AA ™ AA T ™ cc T AA cc - cc
Horse 31 Swe warmblood 3 - - - - - - - - - - - - - - - - - - - cc cc T cc cc - -
Horse 32 Swe warmblood 3 - - - - - - - - - - - - - - - - - - - cc cc T cc cc - -
Horse 33 Swe warmblood 3 - - - - - - - - cc GG GG GG S(GIC) CC  S(GIC) R(GA) Y(TIC)  AA s cc cc T cc cc - -
Horse 34 Swe warmblood 3 - - - - - - - - cc GG GG GG cc cc AA ™ AA T cc cc T cc cc - -
Horse 35 Swe warmblood 3 - - - - - - - - cc GG GG GG S(GIC) CC  S(G/C) R(GA) Y(TIC)  AA s cc cc s cc cc - -
Horse 36 Swe warmblood 3 - - - - - - - - cc GG GG GG cc cc GG AA ™ AA s cc cc T cc cc - -
Horse 37 Thoroughbred 3 - - - - - - - - - - - - - - - - - - cc cc T cc cc - -
Horse 38 Thoroughbred 3 - - - - - - - - - - - - - - - - - - - cc cc ™ cc cc -
Horse 39 Thoroughbred 3 - - - - - - - - - - - - - - - cc cc ™ cc cc - -
Amplicon length (bp) 570 543 540 584 584 584 584 524 665 665 665 670 670 670 703 703 703 694 694 747 747 537 537 536 872
Posiion (bp. EquCab2) g2 § % 33 8§ ¢ 8 § & % B § &% & 88 ® 35 =z 2 8 g8 8 2 38
& & 2 = = = = @ = 3 S @ hd o & 3 i > 3 <€ < & 3 8
3 =3 o © © © © = o o @© o g © © © © © ~ ~ o = =3 =
2 b o o b 5 5 8 8 8 8 5 b & 5 5 & & & 8 g g 8 & 8 3
§ § & § § § & § § § § & § § § § & 8§ 8§ § £ £ § § 8 g
g g 8 g g g g g g g g g g g g g g g g g g g g g
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
*The horses that are capable of the three basic gaits walk, trot and canter are labeled 3, horses labeled 4 can also télt and horses labeled 5 are capable of the basic gaits plus télt and pace. uk= unknown.
**Twilight is the horse used to assemble the horse genome (EquCab2).
- indicates not genotyped.
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Supplementary Table 3. All identified SNPs in the interval chr23: 22,877,015-

23,315,071 in horses

Location / 2 Coordinate Ref. Var. SNP Case Control
consequence ! Closest gene(s) (EquCab2) allele allele score ® genotype genotype
upstream ENSECAG00000023210 22877015 T C 551.6 T/C T
upstream ENSECAG00000023210 22877664 G C 554 C/C G/C

exon / synonymous ENSECAG00000023210
SNP ENSECAT00000024805: 22877772 T C 63.3 TT T/IC
exon1:c.T60C:p.P20P,
exon / synonymous ENSECAG00000023210
SyNP V! ENSECAT00000024805: 22877907 G T 57.7 GIG GIT
exon1:c.G195T:p.R65R,
intronic ENSECAG00000023210 22878115 A G 355.4 G/G AIG
intronic ENSECAG00000023210 22878125 G A 120.7 G/G G/IA
intronic ENSECAG00000023210 22878169 G A 393.1 A/A G/A
intronic ENSECAG00000023210 22878444 A G 77.2 AG A/A
intronic ENSECAG00000023210 22878771 A G 888.9 G/IG G/IG
intronic ENSECAG00000023210 22878787 A T 409.9 AT AT
intronic ENSECAG00000023210 22879039 T A 2103.5 AA AA
intronic ENSECAG00000023210 22879101 C T 2037.3 TT T/T
intronic ENSECAG00000023210 22879588 A G 2060 G/G GIG
intronic ENSECAG00000023210 22880225 A G 217.5 AIG A/A
intronic ENSECAG00000023210 22880258 A G 429.5 AIG A/A
intronic ENSECAG00000023210 22880419 G T 481.7 G/G GIT
intronic ENSECAG00000023210 22881056 A T 1647.7 T/T T/T
intronic ENSECAG00000023210 22881201 A G 1823 G/G GIG
intronic ENSECAG00000023210 22881303 T G 42.6 T/G T/T
intronic ENSECAG00000023210 22881332 C T 101.6 CIT CIC
downstream ENSECAG00000023210 22881876 G A 596.6 GIA G/A
downstream ENSECAG00000023210 22882023 C G 1020.7 CIG CIG
downstream ENSECAG00000023210 22882351 C A 1480.7 AA A/A
. . ENSECAG00000023210(dist=1088)
intergenic ENSECAG00000023385(dlist=33492) 22882789 T G 2413 G/IG GIG
. . ENSECAG00000023210(dist=1416)
intergenic ENSECAG00000023385(dist=33164) 22883117 G T 1204.8 GIT GIT
. . ENSECAG00000023210(dist=1626)
intergenic ENSECAG00000023385(dist=32954) 22883327 T G 1871.7 GIG GIG
. ! ENSECAG00000023210(dist=1640)
intergenic ENSECAG00000023385(dist=32940) 22883341 T C 1855.2 C/IC C/IC
. . ENSECAG00000023210(dist=1646)
intergenic ENSECAG00000023385(dlist=32934) 22883347 C T 1725 TT T/T
. . ENSECAGO00000023210(dist=1694)
intergenic ENSECAG00000023385(dist=32886) 22883395 T C 825.5 CIC C/C
. . ENSECAG00000023210(dist=2157)
intergenic ENSECAG00000023385(dlist=32423) 22883858 A G 21011 GIG GIG
. . ENSECAG00000023210(dist=2317)
intergenic ENSECAG00000023385(dist=32263) 22884018 A G 3032.1 GIG GIG
. . ENSECAG00000023210(dist=2319)
intergenic ENSECAG00000023385(dist=32261) 22884020 C T 464.3 c/iC CIT
. . ENSECAG00000023210(dist=3055)
intergenic ENSECAG00000023385(dist=31525) 22884756 C T 1423.7 CIT CIT
. . ENSECAG00000023210(dist=3503)
intergenic ENSECAG00000023385(dist=31077) 22885204 G A 307.9 GIA GIG
. . ENSECAGO00000023210(dist=3521)
intergenic ENSECAG00000023385(dist=31059) 22885222 T C 264.9 TIC T
. . ENSECAG00000023210(dist=3524)
intergenic ENSECAG00000023385(dist=31056) 22885225 G A 294.2 GIA GIG
) ; ENSECAG00000023210(dist=3528)
intergenic ENSECAG00000023385(dist=31052) 22885229 G A 253.8 G/IA GIG
. . ENSECAG00000023210(dist=3530)
intergenic ENSECAG00000023385(dist=31050) 22885231 T Cc 272.6 TIC T
. . ENSECAGO00000023210(dist=3540)
intergenic ENSECAG00000023385(dist=31040) 22885241 C T 321.2 CIT C/IC
. . ENSECAG00000023210(dist=3576)
intergenic ENSECAG00000023385(dlist=31004) 22885277 T C 342 TIC T/T
. . ENSECAG00000023210(dist=3579)
intergenic ENSECAG00000023385(dist=31001) 22885280 A C 354.5 AlC AIA
. . ENSECAG00000023210(dist=3862)
intergenic ENSECAG00000023385(dist=30718) 22885563 A G 496.5 AA AIG
) ; ENSECAG00000023210(dist=3905)
intergenic ENSECAG00000023385(dist=30675) 22885606 T C 429.2 T/IC TIT
. . ENSECAG00000023210(dist=4138)
intergenic ENSECAG00000023385(dlist=30442) 22885839 [} T 363.6 CIT c/iC
. . ENSECAGO00000023210(dist=4186)
intergenic ENSECAG00000023385(dist=30394) 22885887 G C 743.8 G/IC G/IC
. . ENSECAGO00000023210(dist=4204)
intergenic ENSECAG00000023385(dist=30376) 22885905 G A 428.1 G/A GIG
. . ENSECAG00000023210(dist=4521)
intergenic ENSECAG00000023385(dist=30059) 22886222 C A 2532.9 AA AA
. . ENSECAG00000023210(dist=4533)
intergenic ENSECAG00000023385(dist=30047) 22886234 T Cc 1536.4 c/C T/IC
. . ENSECAGO00000023210(dist=4576)
intergenic ENSECAG00000023385(dist=30004) 22886277 T C 1775.2 Cc/IC T/IC
. . ENSECAG00000023210(dist=5541)
intergenic ENSECAG00000023385(dlist=29039) 22887242 [} T 347.4 C/IC CIT
. . ENSECAGO00000023210(dist=5879)
intergenic ENSECAG00000023385(dist=28701) 22887580 A G 1467.8 GIG AIG
. . ENSECAGO00000023210(dist=6465)
intergenic ENSECAG00000023385(dist=28115) 22888166 A G 722.4 AA AG
intergenic ENSECAG00000023210(dist=9388) 22891089 G c 1585.8 cic GIC

ENSECAG00000023385(dist=25192)
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intergenic

ENSECAG00000023210(dist=10448

22892149

1593.2

TT

GIT

ENSECAGO00000023385(di ;
intergenic EmgggﬁggggggggggggSj:st=23969; 22892312 T c 523 T TIC
intergenic Emgggﬁgggggggggg;ggg:SF1 0883; 22892584 G c 1996.2 cic cic
intergenic EmgggﬁggggggggggggSg:i::g;%g; 22893073 G A 362 Ve GIA
intergenic Emgggﬁgggggggggg;gEg:::z;;ggg; 22893296 G A 4655 GIG GIA
intergenic Emgggﬁgggggggggg;ggg:s'z1 1606; 22893307 A G 558.6 AA AG
intergenic Emgggﬁgggggggggg;gEg::::;;ggg; 22893359 T c 613.5 T TIC
intergenic EmgggﬁggggggggggggSj:i:;;ggg; 22893656 T c 17465 cic TIc
intergenic Eﬁiggﬁgggggggigiég5313222383 22893661 G A 1725.6 AA GIA
intergenic EHgggﬁggggggggggggSg:ztzgggg; 22894023 T c 2577.1 cic cic
intergenic Emgggﬁgggggggggg;ggg::ﬁ]g;g;; 22896494 T c 1738 cic cic
intergenic Emgggﬁgggggggggg;ggg::{:]g?ig; 22896541 A G 22676 GG GG
R T R TR
intergenic Emgggﬁgggggggggg;gfg:*1 7796; 22899497 A c 4253 AA AIC
intergenic Emgggﬁgggggggggg;ggj: ; 22899845 A G 1476.6 GIG AG
intergenic Emgggﬁgggggggggg;ggg:st:1 8729 ; 22900430 T c 2813 T TIc
intergenic Emgggﬁgggggggggg;ggg:w19501; 22901302 c T 576.2 cic o
intergenic EmgggﬁggggggggggggEﬂ::{:?ﬂ;g; 22901811 G A 1587 AA GIA
intergenic EmgggﬁggggggggggggEg:ztzfgggg; 22902295 T A 757.5 e TIA
intergenic Emgggﬁggggggggggggfgng1 352) 22903053 G A 1186.2 AA GIA
intergenic Emgggﬁgggggggggg;gEj:z::fg?gg; 22904089 G A 1803.4 AA AA
intergeric EH253?883383833@;2Eﬁliﬁ:ﬁgggi 22904261 A G 2846.6 GlG GG
intergenic Emgggﬁgggggggggg;gEg::ﬁgg?g; 22904264 c T 524.9 cic o
intergenic EmgggﬁggggggggggggEﬂ::tzﬁgggg 22904295 c T 4216 cic cr
intergenic EmgggﬁggggggggggggEg:zi:ﬁggg; 22904649 A G 23155 GG NG
intergenic EmgggﬁggggggggggggSg:z::ﬁggg; 22004751 G A 670 Ve GIA
intergenic Emgggﬁgggggggggg;ggjgst: 2306 6; 22904765 c T 804.9 cic o
intergenic EmgggﬁggggggggggggE§:5t=23823; 22905524 T c 1428.9 cic TIC
intergenic Emgggﬁgggggggggg;gg: ; 22905630 c T 631.9 cic o
intergenic Emgggﬁgggggggggg;ggg:st:1 0588; 22905693 c G 2736.1 GG GG
intergenic EmgggﬁggggggggggggEg:s‘=25592> 22907293 c T 1924.7 T T
intergenic EmgggﬁggggggggggggSg:i::gi;g? 22907809 G c 2148.2 cic GIc
intergenic EmgggﬁggggggggggggEg:z}:ggg] ;” 22908220 c T 1633.7 T o
intergenic EmgggﬁggggggggggggEg:“zggﬁ’g; ) 22908662 A T 1561.8 T T
intergenic Emgggﬁgggggggggg;gEg::::gggg? 22900726 c T 267.8 cic o
intergenic EHgggﬁggggggggggggSg:i}:gggi? 22900727 T G 287.1 i TG
intergenic EmgggﬁggggggggggggEg::ﬁ:gﬂ;? 22909834 A G 346.5 AA AG
intergenic EE252?233333852%2253:2142;35?)3) 22909954 A c 4181 AA AIC
intergenic Emgggﬁgggggggggg;gEg::::gggg)” 22910028 T c 484.3 T TIC
intergenic EmgggﬁggggggggggggEg::t:ggii?) 22910037 A c 529.9 A/A AIC
intergenic Emgggﬁgggggggggg;gEg:s‘zggig? 22910039 c G 488.1 cic ciG
intergenic EmgggﬁggggggggggggSS:S‘=28376> 22910077 T G 577.8 i TG
intergenic Emgggﬁgggggggggg;ggg: 22910150 G T 643.1 GIG GIT
intergenic Emgggﬁgggggggggg;gEg:st=5999) 22910282 A C 366.5 AA AIC
intergenic EmgggﬁggggggggggggEg:m:zaem) 22910580 c G 361.7 cic ciG
intergenic EmgggﬁggggggggggggEg::{:gg?%") 22910604 G A 2483 GIG GIA
intergenic ENSECAG°°°°°°2321Ogdi5t=289°9> 22910610 G A 215.1 GIG GIA

ENSECAG00000023385(dist=5671)
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ENSECAG00000023210(dist=29011)

) ) (
intergenic ENSECAG00000023385(dist=5569) 22910712 G A 1919.9 AIA GIA
R . ENSECAG00000023210(dist=29013)
intergenic ENSECAG00000023385(dist=5567) 22910714 [} T 267 C/IC CIT
. . ENSECAG00000023210(dist=29273)
intergenic ENSECAG00000023385(dist=5307) 22910974 G A 537.1 GIG GIA
: ) ENSECAG00000023210(dist=29300)
intergenic ENSECAG00000023385(dist=5280) 22911001 A C 1853.2 C/C AC
. . ENSECAG00000023210(dist=29306)
intergenic ENSECAG00000023385(dist=5274) 22911007 G C 558.5 GIG GIC
. ) ENSECAG00000023210(dist=29369)
intergenic ENSECAG00000023385(dist=5211) 22911070 T [} 458.6 TT T/IC
. . ENSECAG00000023210(dist=29415)
intergenic ENSECAG00000023385(dist=5165) 22911116 T [} 480.1 T/T T/IC
R . ENSECAG00000023210(dist=29522)
intergenic ENSECAG00000023385(dlist=5058) 22911223 T C 316.2 TIT T/IC
. . ENSECAG00000023210(dist=29614)
intergenic ENSECAG00000023385(dist=4966) 22911315 A G 398.2 AA AG
: ) ENSECAG00000023210(dist=29711)
intergenic ENSECAG00000023385(dist=4869) 22911412 C T 307.1 C/C CIT
. . ENSECAG00000023210(dist=29787)
intergenic ENSECAG00000023385(dist=4793) 22911488 T G 250.8 TT TIG
. . ENSECAG00000023210(dist=30135)
intergenic ENSECAG00000023385(dist=4445) 22911836 C T 766.3 c/C cIT
. . ENSECAG00000023210(dist=30482)
intergenic ENSECAG00000023385(dist=4098) 22912183 (o} G 448.3 C/IC CIG
R . ENSECAG00000023210(dist=30538)
intergenic ENSECAG00000023385(dist=4042) 22912239 A G 589.9 AA AIG
. . ENSECAG00000023210(dist=30632)
intergenic ENSECAG00000023385(dist=3948) 22912333 A G 255.4 AA AG
K ) ENSECAG00000023210(dist=30645)
intergenic ENSECAG00000023385(dist=3935) 22912346 C T 234.4 C/C (o7a)
. . ENSECAG00000023210(dist=30878)
intergenic ENSECAG00000023385(dist=3702) 22912579 G A 586.6 G/G GIA
. . ENSECAG00000023210(dist=31007)
intergenic ENSECAG00000023385(dist=3573) 22912708 G T 758.6 G/G GIT
. . ENSECAG00000023210(dist=31027)
intergenic ENSECAG00000023385(dist=3553) 22912728 G A 484 GIG GIA
: ; ENSECAG00000023210(dist=31065)
intergenic ENSECAG00000023385(dist=3515) 22912766 T [} 561.5 TT T/IC
. . ENSECAG00000023210(dist=31172)
intergenic ENSECAG00000023385(dist=3408) 22912873 A T 3102 TIT TT
K ) ENSECAG00000023210(dist=31251)
intergenic ENSECAG00000023385(dist=3329) 22912952 A G 2869.1 G/IG GIG
. . ENSECAG00000023210(dist=31312)
intergenic ENSECAG00000023385(dist=3268) 22913013 (o} T 1926 TIT CIT
. . ENSECAG00000023210(dist=31538)
intergenic ENSECAG00000023385(dlist=3042) 22913239 C T 1425.2 TT CIT
. . ENSECAG00000023210(dist=31794)
intergenic ENSECAG00000023385(dlist=2786) 22913495 G T 1531.3 TT GIT
: ; ENSECAG00000023210(dist=31930)
intergenic ENSECAG00000023385(dist=2650) 22913631 G A 17141 AA GIA
. . ENSECAG00000023210(dist=32076)
intergenic ENSECAG00000023385(dist=2504) 22913777 C T 1715.4 TT CIT
. . ENSECAG00000023210(dist=32247)
intergenic ENSECAG00000023385(dist=2333) 22913948 T C 1729.7 C/C TIC
. . ENSECAG00000023210(dist=32309)
intergenic ENSECAG00000023385(dist=2271) 22914010 G [} 1550.1 C/IC G/C
. . ENSECAG00000023210(dist=32666)
intergenic ENSEGAG00000023385(dist=1914) 22914367 C T 1568.2 TT CIT
. . ENSECAG00000023210(dist=32674)
intergenic ENSECAG00000023385(dist=1906) 22914375 G C 1724.6 c/C G/IC
: ) ENSECAG00000023210(dist=32880)
intergenic ENSECAG00000023385(dist=1700) 22914581 G A 1232.7 AIA GIA
. . ENSECAG00000023210(dist=33083)
intergenic ENSECAG00000023385(dist=1497) 22914784 A G 1531.5 G/IG GIG
. . ENSECAG00000023210(dist=33091)
intergenic ENSECAG00000023385(dist=1489) 22914792 C T 1110.4 TT CIT
. . ENSECAG00000023210(dist=33183)
intergenic ENSECAG00000023385(dist=1397) 22914884 A G 1648.4 G/IG AIG
. . ENSECAG00000023210(dist=33205)
intergenic ENSECAG00000023385(dist=1375) 22914906 C T 1279.2 TT CIT
. . ENSECAG00000023210(dist=33289)
intergenic ENSECAG00000023385(dist=1291) 22914990 G C 502.6 G/G G/IC
: ) ENSECAG00000023210(dist=33293)
intergenic ENSECAG00000023385(dist=1287) 22914994 G A 1194.3 AIA GIA
. . ENSECAG00000023210(dist=33462)
intergenic ENSECAG00000023385(dist=1118) 22915163 T A 1844.1 AIA AA
upstream ENSECAG00000023385 22915462 T C 1462.1 C/C T/C
upstream ENSECAG00000023385 22915720 G A 1600.9 A/A GIA
upstream ENSECAG00000023385 22915750 T C 1726.9 C/C T/C
upstream ENSECAG00000023385 22915762 C T 1559.2 TT CIT
upstream ENSECAG00000023385 22915798 G A 1620 A/A G/IA
upstream ENSECAG00000023385 22915837 C T 1894 T/T CIT
upstream ENSECAG00000023385 22915917 A G 1293.5 G/G AIG
upstream ENSECAG00000023385 22915936 G T 1299.9 /T GIT
upstream ENSECAG00000023385 22915938 T C 1361.5 C/C T/C
upstream ENSECAG00000023385 22915960 A G 1397.4 G/G AIG
upstream ENSECAG00000023385 22915973 A C 1353.1 C/C A/IC
upstream ENSECAG00000023385 22915991 T A 1632.9 A/A T/A
upstream ENSECAG00000023385 22916030 G A 1354.5 AIA GIA
upstream ENSECAG00000023385 22916066 T C 1074.4 C/IC T/C
upstream ENSECAG00000023385 22916263 A G 1645.3 GIG GIG
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upstream ENSECAG00000023385 22916272 T 1470.8 TIT CIT
ENSECA 2
exon / synonymous ENgE(CBA‘?ggggggZSsgff 22916367 A c 1502 cic AIC
exon1:c.A87C:p.T29T,

intronic ENSECAG00000023385 22916763 T C 1887.3 CIC TIC
intronic ENSECAG00000023385 22916849 A G 1626 GIG AIG
intronic ENSECAG00000023385 22916855 G C 15054 CIC GIC
intronic ENSECAG00000023385 22916962 A G 1484 GIG AIG
intronic ENSECAG00000023385 22917260 G C 1786.8 CIC GIC
intronic ENSECAG00000023385 22917318 A G 1683.1 GIG AIG
intronic ENSECAG00000023385 22917330 C G 1583.6 GIG CIG
intronic ENSECAG00000023385 22917351 C T 16444 T CIT
intronic ENSECAG00000023385 22917352 A G 2100 GIG GIG
intronic ENSECAG00000023385 22917573 T C 23559 CIC CIC
intronic ENSECAG00000023385 22917732 G A 1802.8 AA GIA
intronic ENSECAG00000023385 22917867 G C 1673.5 CIC GIC
intronic ENSECAG00000023385 22917891 C G 17778 GIG CIG
intronic ENSECAG00000023385 22918122 T C 1596.7 CIC TIC
intronic ENSECAG00000023385 22918418 T C 12804 CIC TIC
intronic ENSECAG00000023385 22918476 C T 1400.5 T CIT
intronic ENSECAG00000023385 22918517 T A 14553 AA TIA
intronic ENSECAG00000023385 22918640 T C 2067.3 CIC TIC
intronic ENSECAG00000023385 22918698 G A 1932 AA GIA
intronic ENSECAG00000023385 22918891 G A 17416 AA GIA
intronic ENSECAG00000023385 22918899 A G 1820.3 GIG AIG
intronic ENSECAG00000023385 22918925 T C 1702.1 CIC TIC
intronic ENSECAG00000023385 22918971 C T 14735 TIT CIT
intronic ENSECAG00000023385 22919065 C T 2713 T TIT
intronic ENSECAG00000023385 22919188 G A 1405.1 AA GIA
intronic ENSECAG00000023385 22919280 A G 22958 GIG AIG
intronic ENSECAG00000023385 22919288 T G 2919.7 GIG GIG
intronic ENSECAG00000023385 22919362 G A 1617.6 AA GIA
intronic ENSECAG00000023385 22919422 A G 1675.7 GIG NG
intronic ENSECAG00000023385 22919456 C A 19954 AA CIA
intronic ENSECAG00000023385 22919555 G C 1811.8 CIC CIC
intronic ENSECAG00000023385 22919698 A G 1509 GIG GIG
intronic ENSECAG00000023385 22919878 A G 12824 GIG AA
intronic ENSECAG00000023385 22920361 C T 9315 TIT CIC
intronic ENSECAG00000023385 22920434 A T 1266.1 T AA
intronic ENSECAG00000023385 22920480 G A 26173 AA AIA
intronic ENSECAG00000023385 22920532 A G 27483 GIG GIG
intronic ENSECAG00000023385 22920646 G A 1452.9 AA GIG
intronic ENSECAG00000023385 22920717 C T 13975 T CIC
intronic ENSECAG00000023385 22920828 A G 1214.8 AA GIG
intronic ENSECAG00000023385 22920832 A G 24205 GIG GIG
intronic ENSECAG00000023385 22921203 G T 924.8 T GIG
intronic ENSECAG00000023385 22921212 C T 1308.6 CIC T
intronic ENSECAG00000023385 22921355 C G 27364 GIG GIG
intronic ENSECAG00000023385 22922039 C G 1276.6 CIC GIG
intronic ENSECAG00000023385 22922059 C A 21103 AA AIA
intronic ENSECAG00000023385 22922079 A G 850.8 GIG AA
intronic ENSECAG00000023385 22922234 A G 1302.9 AR GIG
intronic ENSECAG00000023385 22922495 G A 572.7 GIG AA
intronic ENSECAG00000023385 22922513 G T 590.4 GIG T
intronic ENSECAG00000023385 22922780 C T 900.1 T CIC
intronic ENSECAG00000023385 22922895 G A 805.9 GIG AA
intronic ENSECAG00000023385 22923059 T C 1836.7 CIC CIC
intronic ENSECAG00000023385 22923569 A G 1467.3 GIG AA
intronic ENSECAG00000023385 22923597 T A 9483 T AIA
intronic ENSECAG00000023385 22923617 T C 2808.5 CIC CIC
intronic ENSECAG00000023385 22923738 G A 2318.7 AA AA
intronic ENSECAG00000023385 22924120 G A 10103 AR GIG
intronic ENSECAG00000023385 22924299 T G 511.6 GIG TIT
intronic ENSECAG00000023385 22924319 A C 3413 AIA CIC
intronic ENSECAG00000023385 22924353 C T 379.3 CIC TIT
intronic ENSECAG00000023385 22924363 C T 178 CIC TIT
intronic ENSECAG00000023385 22924364 A G 436.6 AA GIG
intronic ENSECAG00000023385 22924368 T C 4336 T CIC
intronic ENSECAG00000023385 22924370 C A 3757 CIC AA
intronic ENSECAG00000023385 22924380 A CIG 767.5 GIG CIC
intronic ENSECAG00000023385 22924407 C T 8285 TIT CIC
intronic ENSECAG00000023385 22924426 T C 813.4 TIT CIC
intronic ENSECAG00000023385 22924445 C A 692.6 CIC AA
intronic ENSECAG00000023385 22924458 T C 714 T CIC
intronic ENSECAG00000023385 22924468 G A 708.9 GIG AIA
intronic ENSECAG00000023385 22924491 G A 737.1 GIG AA
intronic ENSECAG00000023385 22924514 G A 861.3 GIG AA
intronic ENSECAG00000023385 22924552 G T 10935 GIG T
intronic ENSECAG00000023385 22924598 A G 906.5 AA GIG
intronic ENSECAG00000023385 22924603 G C 903.2 GIG CIC
intronic ENSECAG00000023385 22924655 C A 879.1 CIC AA
intronic ENSECAG00000023385 22924752 G C 1000.9 GIG CIC
intronic ENSECAG00000023385 22924780 G A 991.4 GIG AA
intronic ENSECAG00000023385 22924786 C T 9812 CIC T
intronic ENSECAG00000023385 22924815 C T 611.8 CIC TIT
intronic ENSECAG00000023385 22924816 A G 1515.1 GIG GIG
intronic ENSECAG00000023385 22924851 T C 529.7 T CIC
intronic ENSECAG00000023385 22924876 C T 738.8 CIC T
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intronic ENSECAG00000023385 22924891 9] T 619.9 C/C T/T
intronic ENSECAG00000023385 22924914 T C 816.9 T/T C/C
intronic ENSECAG00000023385 22924994 G A 714.4 GIG AA
intronic ENSECAG00000023385 22925130 G A 887 GIG A/A
intronic ENSECAG00000023385 22925164 G A 771.7 GIG GIA
intronic ENSECAG00000023385 22925280 A G 1591.7 GIG GIG
intronic ENSECAG00000023385 22925423 G C 929.3 GIG C/IC
intronic ENSECAG00000023385 22925430 C T 1181.5 C/IC TT
intronic ENSECAG00000023385 22925514 C T 1384.9 C/C T/T
intronic ENSECAG00000023385 22925540 C G 1230.1 C/IC GIG
intronic ENSECAG00000023385 22925575 G A 1220.3 GIG A/A
intronic ENSECAG00000023385 22925577 T C 1393.8 T/T C/IC
intronic ENSECAG00000023385 22925656 G C 995.1 GIG C/IC
intronic ENSECAG00000023385 22925773 A G 1867.9 GIG GIG
intronic ENSECAG00000023385 22925779 G A 1005.7 GIG AIA
intronic ENSECAG00000023385 22925854 G T 1299.6 GIG T/T
intronic ENSECAG00000023385 22925967 T C 2158.2 C/IC C/IC
intronic ENSECAG00000023385 22926085 A G 942.2 A/A G/IG
intronic ENSECAG00000023385 22926098 C T 1418.2 T/T C/C
intronic ENSECAG00000023385 22926147 G C 787.9 GIG C/IC
intronic ENSECAG00000023385 22926188 T C 1184.3 C/IC T/T
intronic ENSECAG00000023385 22926208 A T 767.1 A/A T/T
intronic ENSECAG00000023385 22926288 A G 1341.9 A/A G/IG
intronic ENSECAG00000023385 22926304 T G 1279.3 T/T G/IG
intronic ENSECAG00000023385 22926343 A G 1141.6 A/A G/IG
intronic ENSECAG00000023385 22926360 A G 1003.4 A/A GIG
intronic ENSECAG00000023385 22926368 G C 879.8 GIG C/IC
intronic ENSECAG00000023385 22926483 G T 1339.9 GIG T/T
intronic ENSECAG00000023385 22926519 C T 881.5 C/C T/T
intronic ENSECAG00000023385 22926561 C A 853.9 C/C A/A
intronic ENSECAG00000023385 22926564 C T 1026.8 C/IC T/T
intronic ENSECAG00000023385 22926778 C G 953.7 C/IC G/IG
intronic ENSECAG00000023385 22926872 A 9] 1331.5 C/C A/A
intronic ENSECAG00000023385 22926901 C G 1726.7 C/IC GIG
intronic ENSECAG00000023385 22926972 C T 1735.7 C/C T/T
intronic ENSECAG00000023385 22926975 G A 1689.3 GIG A/A
intronic ENSECAG00000023385 22927015 G A 1956.2 GIG A/A
intronic ENSECAG00000023385 22927104 T G 1894.6 T/T GIG
intronic ENSECAG00000023385 22927210 C T 950 C/C T/T
intronic ENSECAG00000023385 22927247 C T 1130 C/C T/T
intronic ENSECAG00000023385 22927387 C T 744.7 T/T C/IC
intronic ENSECAG00000023385 22927452 G A 759.5 GIG A/A
intronic ENSECAG00000023385 22927607 T C 1044.7 C/C T/T
intronic ENSECAG00000023385 22928220 C T 1163.2 T/T C/IC
intronic ENSECAG00000023385 22928262 A G 1438.3 AIA GIG
intronic ENSECAG00000023385 22928537 T G 1190.2 GIG T/T
intronic ENSECAG00000023385 22928587 A G 1294 GIG A/A
intronic ENSECAG00000023385 22929137 G A 1229.1 A/A G/IG
intronic ENSECAG00000023385 22929147 C T 1059.6 C/C T/T
intronic ENSECAG00000023385 22930011 A C 1069.9 C/IC A/A
intronic ENSECAG00000023385 22930197 G C 1448.2 GIG C/IC
intronic ENSECAG00000023385 22931466 T C 2061.6 C/IC C/IC
intronic ENSECAG00000023385 22932024 G A 1192.9 A/A G/IG
intronic ENSECAG00000023385 22932198 C T 1164.4 C/C T/T
intronic ENSECAG00000023385 22932895 A G 1066.6 GIG A/A
intronic ENSECAG00000023385 22933033 G A 1111 GIG A/A
intronic ENSECAG00000023385 22933218 A G 576.8 AIG A/A
intronic ENSECAG00000023385 22933787 C T 961.1 C/C T/T
intronic ENSECAG00000023385 22933858 T C 2416.7 C/IC C/C
intronic ENSECAG00000023385 22934434 G A 11111 GIG A/A
intronic ENSECAG00000023385 22935652 A G 1410.2 AIA GIG
intronic ENSECAG00000023385 22936034 A G 1292.3 GIG A/A
intronic ENSECAG00000023385 22937046 T C 503.8 TT T/IC
intronic ENSECAG00000023385 22937259 A G 1927.4 GIG GIG
intronic ENSECAG00000023385 22937519 A G 2956.4 G/G G/IG
intronic ENSECAG00000023385 22937666 A G 1521.8 A/A GIG
intronic ENSECAG00000023385 22937933 C T 668.4 C/IC T/T
intronic ENSECAG00000023385 22938191 A G 3042.4 GIG GIG
intronic ENSECAG00000023385 22940278 A G 1811.2 GIG GIG
intronic ENSECAG00000023385 22940759 T G 1708.6 GIG T/T
intronic ENSECAG00000023385 22941305 C T 2040.8 T/T T/T
intronic ENSECAG00000023385 22942028 G C 1867.8 GIG C/IC
intronic ENSECAG00000023385 22942318 A G 1731.2 A/A GIG
intronic ENSECAG00000023385 22942423 T A 1250.6 A/A T/T
intronic ENSECAG00000023385 22942965 T C 1561.6 T/T C/C
intronic ENSECAG00000023385 22943141 G A 3354.8 A/A A/A
intronic ENSECAG00000023385 22943448 G A 1473.9 G/G A/A
intronic ENSECAG00000023385 22943596 G A 560.2 GIG A/A
intronic ENSECAG00000023385 22943727 G A 594.1 G/IG A/A
intronic ENSECAG00000023385 22943832 T G 962 T/T GIG
intronic ENSECAG00000023385 22943938 A G 822.9 A/A GIG
intronic ENSECAG00000023385 22945346 A G 1373.5 A/A GIG
intronic ENSECAG00000023385 22945522 C T 1176.4 C/IC T/T
intronic ENSECAG00000023385 22945604 C T 782.7 C/C T/T
intronic ENSECAG00000023385 22945643 G C 1156.9 C/IC GIG
intronic ENSECAG00000023385 22946017 G A 883.6 GIG A/A
intronic ENSECAG00000023385 22946036 G T 693.8 GIG T/T
intronic ENSECAG00000023385 22946516 G T 981.5 GIG 1T
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intronic ENSECAG00000023385 22946599 A T 886.8 T A
intronic ENSECAG00000023385 22946920 T A 2279.7 A AA
intronic ENSECAG00000023385 22947093 G A 2486.7 AA AA
intronic ENSECAG00000023385 22947480 G A 10805 GIG AIA
intronic ENSECAG00000023385 22948065 C T 1187 cic T
intronic ENSECAG00000023385 22948353 T C 24755 cIc cIc
intronic ENSECAG00000023385 22948774 C T 409.2 T cIc
intronic ENSECAG00000023385 22949055 A G 11675 GG AA
intronic ENSECAG00000023385 22949108 A G 176 GG AIA
intronic ENSECAG00000023385 22949240 T C 8306 cic T
intronic ENSECAG00000023385 22949707 T C 135 CIC cIc
intronic ENSECAG00000023385 22950438 G A 1067.3 GIG A
intronic ENSECAG00000023385 22951337 A C 11304 AR cIc
intronic ENSECAG00000023385 22951386 G A 12134 GG AA
intronic ENSECAG00000023385 22051592 G T 1042.7 GIG T
intronic ENSECAG00000023385 22951916 C T 2468.2 TIT TIT
intronic ENSECAG00000023385 22952195 T G 1054.8 TIT G/G
intronic ENSECAG00000023385 22953225 C A 2770.9 AR NA
intronic ENSECAG00000023385 22954045 G A 1504 GG AR
intronic ENSECAG00000023385 22054276 G A 1089 GG AA
intronic ENSECAG00000023385 22954697 T C 24578 cIc cic
intronic ENSECAG00000023385 22955395 T C 10152 T cIc
intronic ENSECAG00000023385 22956846 G T 1034.2 TIT G/G
intronic ENSECAG00000023385 22959013 G A 11568 GG AR
intronic ENSECAG00000023385 22959925 A G 13703 A G/G
intronic ENSECAG00000023385 22960132 A C 7904 cic NA
intronic ENSECAG00000023385 22960528 T C 11348 cic T
intronic ENSECAG00000023385 22960613 C T 1123.9 cic T
intronic ENSECAG00000023385 22960710 C T 1005.8 T cIc
intronic ENSECAG00000023385 22960763 A G 1450.1 AR G/G
intronic ENSECAG00000023385 22960767 C T 12445 cic T
intronic ENSECAG00000023385 22963083 G C 17917 CIC cIc
intronic ENSECAG00000023385 22963388 G C 1988.4 CIC cic
intronic ENSECAG00000023385 22963596 C A T157.7 cic AA
intronic ENSECAG00000023385 22964042 C T 422.1 T cIc
intronic ENSECAG00000023385 22964515 C G 1996.3 GG G/G
intronic ENSECAG00000023385 22966175 T A 1206.7 TIT AR
intronic ENSECAG00000023385 22966204 A G 1304.3 AA GIG
intronic ENSECAG00000023385 22967119 C T 996 T cIc
intronic ENSECAG00000023385 22967656 C T 75068 T cIc
intronic ENSECAG00000023385 22967915 G C 1568.1 cic G/G
intronic ENSECAG00000023385 22068896 G A 12443 AA GIG
intronic ENSECAG00000023385 22968927 C T 9226 cic T
intronic ENSECAG00000023385 22970079 A G 19494 AA G/G
intronic ENSECAG00000023385 22970913 G C 3312.7 cIc cIc
intronic ENSECAG00000023385 22971172 C T 1446.1 cic T
intronic ENSECAG00000023385 22972267 A G 2761.6 GG GIG
intronic ENSECAG00000023385 22973107 C T 74001 cic T
intronic ENSECAG00000023385 22973915 A C 177 AIA cIc
intronic ENSECAG00000023385 22973984 C T 1292.9 T cic
intronic ENSECAG00000023385 22974589 T C 4282 cic T
intronic ENSECAG00000023385 22976293 T A 4411 TIT AR
intronic ENSECAG00000023385 22977204 C T 7054 cic T
intronic ENSECAG00000023385 22977874 C A 11857 cic AR

Gownstream ENSECAG00000023385 22078492 T A 1410.7 T AR

downstream ENSECAG00000023385 22978876 C T 32003 TIT T

intergenic EmgggﬁgggggggggiﬁgEg::{:ggggg 22079124 T c 1378.4 cic T
intergenic Emgggﬁgggggggggﬁggg:“‘1 647; 22979685 A G 781 AA GIG
intergenic Eﬁgggﬁgggggggﬁgi% ; 22979756 c G 2917 cic GG
intergenic EH25822333838533?3235st=ms§ 22980014 c T 291.7 i cic
intergenic EmgggﬁgggggggggiﬁgEg;s“m%g 22980044 c T 4228 cic T
intergenic Emgggﬁgggggggggi?ggg:;jg% 22980240 T c 799 T cic
intergenic EmgggﬁgggggggggiﬁgEg:z{;ggm 22980611 A G 3524 AA GIG
intergenic EmgggﬁgggggggggﬁgEg:“‘gggg; 22980623 A G 303.6 AA GIG
intergenic EmgggﬁgggggggggiﬁgEj::{;ggg;; 22981259 A G 325.1 ANA GG
intergenic EmgggﬁgggggggggifgEg:z:;ggfgg 22981633 T c 736 T cic
intergenic EmgggﬁgggggggggiﬁgEg;i{;ggggg 22981883 c T 506.6 cic T
intergenic EmgggﬁgggggggggiﬁgEg::t:gg%; 22982035 c T 940.2 cic T
intergenic Emgggﬁgggggggggiﬁgg:{;g} ?g; 22982140 G A 7118 GIG AA
intergenic Emgggﬁgggggggggjﬁggg:3;;822; 22082168 A T 849.7 AA T
intergenic EmgggﬁgggggggggﬁgEj:stzg:)g;; 22982225 A G 625.6 AA GG
intergenic Emgggﬁgggggggggi?ggg:s"“gz; 22982430 G T 869 s T
intergenic ENSECAGOOOOOOZ”%E"' g 22082621 T G 1409.5 GIG GIG

ENSECAG00000023412(dist=4631

WWW.NATURE.COM/NATURE

7



(HAIT\E N SUPPLEMENTARY INFORMATION

8

ENSECAG00000023385(dist=4841

intergenic ENSECAG00000023412(dist=4373) 22982879 T [} 568.5 c/IC TT
. . ENSECAG00000023385(dist=4948)
intergenic ENSECAG00000023412(dist=4266) 22982986 G C 654.4 G/IG C/C
. . ENSECAG00000023385(dist=5136)
intergenic ENSECAG00000023412(dist=4078) 22983174 G Cc 924.3 GIG c/C
. ! ENSECAG00000023385(dist=5285)
intergenic ENSECAG00000023412(dist=3929) 22983323 G C 956.2 GIG C/C
. . ENSECAG00000023385(dist=5601)
intergenic ENSECAG00000023412(dist=3613) 22983639 A G 1228.5 AA G/G
. . ENSECAG00000023385(dist=6588)
intergenic ENSECAG00000023412(dist=2626) 22984626 A G 559.1 GIG GIG
. . ENSECAG00000023385(dist=7623)
intergenic ENSECAG00000023412(dist=1591) 22985661 T G 1119.8 TT GIG
intronic ENSECAG00000023412 22988210 C A 433.7 AA C/C
intronic ENSECAG00000023412 22988490 G C 1827.2 C/C C/C
intronic ENSECAG00000023412 22988738 T G 949 T/T G/G
intronic ENSECAG00000023412 22988991 T G 1197.5 GIG TT
intronic ENSECAG00000023412 22990525 G A 536.2 GIG AA
intronic ENSECAG00000023412 22990795 G T 2449.4 T/T T/T
intronic ENSECAG00000023412 22991190 G C 781.8 G/G CiC
intronic ENSECAG00000023412 22991449 A G 524 G/G G/G
intronic ENSECAG00000023412 22991608 T C 56.5 C/C
intronic ENSECAG00000023412 22991771 T G 393.9 GIG GIG
intronic ENSECAG00000023412 22993092 C A 1163.8 A/A C/C
intronic ENSECAG00000023412 22994517 T C 1758.6 T/T CIC
intronic ENSECAG00000023412 22994591 C A 1301.2 A/A C/C
intronic ENSECAG00000023412 22995535 T G 1986.5 G/G G/G
intronic ENSECAG00000023412 22995687 C T 1264.3 C/C TT
intronic ENSECAG00000023412 22996486 A G 2891.5 GIG GIG
intronic ENSECAG00000023412 22998202 T C 1055.7 T/T C/C
intronic ENSECAG00000023412 22999058 G A 1163.4 A/A G/G
exon/ ENSECAG00000023412
stopgain SNP ENSECAT00000025062 22999655 (&3 A 493.6 AA C/iC
P9 exon2:c.C128A:p.543X,
ENSECAG00000023412
exon/ synonymous ENSECAT00000025062 22999665 c G 573.4 crc GIG
exon2:c.C138G:p.P46P,
. . ENSECAG00000023412(dist=1615)
intergenic ENSECAG00000023609(dlist=56838) 23002526 T G 1068 TT GIG
. . ENSECAG00000023412(dist=1695)
intergenic ENSECAG00000023609(dlist=56758) 23002606 A G 1236.7 GIG AIA
. . ENSECAG00000023412(dist=2198)
intergenic ENSECAG00000023609(dist=56255) 23003109 G C 2635.9 C/IC C/IC
. . ENSECAG00000023412(dist=2215)
intergenic ENSECAG00000023609(dist=56238) 23003126 G A 1952 GIG AA
; ! ENSECAG00000023412(dist=2616)
intergenic ENSECAG00000023609(dist=55837) 23003527 Cc T 1908.7 C/C TT
. . ENSECAG00000023412(dist=2969)
intergenic ENSECAG00000023609(dist=55484) 23003880 A C 3033.1 C/iC C/IC
. . ENSECAG00000023412(dist=3245)
intergenic ENSECAG00000023609(dlist=55208) 23004156 T C 2196.5 Cc/IC C/C
. . ENSECAG00000023412(dist=3324)
intergenic ENSECAG00000023609(dist=55129) 23004235 C T 1086.7 c/IC TT
. . ENSECAG00000023412(dist=3373)
intergenic ENSECAG00000023609(dist=55080) 23004284 C T 2488.1 TT TT
. . ENSECAG00000023412(dist=4775)
intergenic ENSECAG00000023609(dist=53678) 23005686 Cc A 2677.5 AA AA
. ! ENSECAG00000023412(dist=6329)
intergenic ENSECAG00000023609(dist=52124) 23007240 G A 1484.2 GIG AIA
. ! ENSECAG00000023412(dist=6563)
intergenic ENSECAG00000023609(dist=51890) 23007474 T G 1013.5 TT G/G
. . ENSECAG00000023412(dist=7651)
intergenic ENSECAG00000023609(dlist=50802) 23008562 A T 1593.2 AA TT
. . ENSECAG00000023412(dist=7832)
intergenic ENSECAG00000023609(dist=50621) 23008743 T C 2515.5 c/IC c/C
. . ENSECAG00000023412(dist=7861)
intergenic ENSECAG00000023609(dist=50592) 23008772 G A 1017.7 AA G/IG
. . ENSECAG00000023412(dist=7878)
intergenic ENSECAG00000023609(dist=50575) 23008789 G A 1104.9 AA G/G
. ! ENSECAG00000023412(dist=8360)
intergenic ENSECAG00000023609(dist=50093) 23009271 T A 2897 AA AA
. . ENSECAG00000023412(dist=8737)
intergenic ENSECAG00000023609(dist=49716) 23009648 A T 7699 m NA
. . ENSECAG00000023412(dist=9253)
intergenic ENSECAG00000023609(dist=49200) 23010164 G A 1616 AIA G/IG
. . ENSECAG00000023412(dist=10378)
intergenic ENSECAG00000023609(dlist=48075) 23011289 G C 1178.8 Cc/IC GIG
; ! ENSECAG00000023412(dist=11951)
intergenic ENSECAG00000023609(dist=46502) 23012862 G C 2552.4 C/C C/C
. . ENSECAG00000023412(dist=12656)
intergenic ENSECAG00000023609(dist=45797) 23013567 C T 2408 TT TT
. . ENSECAG00000023412(dist=13021)
intergenic ENSECAG00000023609(dist=45432) 23013932 A G 1726.2 GIG GIG
. . ENSECAG00000023412(dist=14150)
intergenic ENSECAG00000023609(dlist=44303) 23015061 T C 2491.3 Cc/IC c/C
. . ENSECAG00000023412(dist=14331)
intergenic ENSECAG00000023609(dist=44122) 23015242 G A 2108.9 AA AIA
. . ENSECAG00000023412(dist=14475)
intergenic ENSECAG00000023609(dist=43978) 23015386 T C 2646.6 c/C C/C
; ! ENSECAG00000023412(dist=14561)
intergenic ENSECAG00000023609(dist=43892) 23015472 Cc A 2576.4 A/A AIA
intergenic ENSECAG00000023412(dist=14585) 23015496 A G 2683.9 GIG GIG
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ENSECAG00000023609(dist=43868

ENSECAG00000023412(dist=14726

( )
intergenic ENSECAGO00000ss6 et h o) 23015637 c G 2572.8 GIG GiG
intergenic Emgggﬁgggggggggggggg::{zlgfg?; 23016167 G A 23555 AA AA
intergenic Emgggﬁggggggggggggﬁg:z::lggg% 23016267 c A 2187.4 AA AA
intergenic Emgggﬁggggggggggggg:zilgg;g; 23016381 G c 2297.9 cic crc
intergenic E:gggﬁgggggggggg;ggg:zigggi; 23016720 T G 2016.3 GIG GIG
intergenic EﬁSﬁgﬁg38383333@3353:321331?3 23016823 G A 2723.1 AA AA
intergenic Emgggﬁgggggggggg;ggg::ig;%; 23017078 c A 27987 AA AA
intergenic Emgggﬁgggggggggggggg:zi}gfgg; 23017176 c T 3360.8 s T
intergenic Emgggﬁggggggggggggﬁg:z::lgfgg; 23017241 G A 3098.9 AA AA
intergenic Emgggﬁggggggggggggﬁg:2:21?3%; 23017415 T c 3305.1 cic crc
intergenic E:gggﬁgggggggggg;ggg:zgfg?g; 23017449 G A 3513.7 AA AA
intergenic Emgggﬁgggggggggggggg::iﬁ;gg; 23017635 G A 3119.9 AA AA
intergenic Emgggﬁgggggggggg;ggg::iﬂ;gé; 23018108 T c 2633.2 cic cic
intergenic Emgggﬁgggggggggggggg::i}ﬁgg; 23018211 c T 27595 s T
intergenic Emgggﬁgggggggggggggg::i}ﬁgf; 23018263 c T 24715 s T
<ot B S VO
intergenic Eﬁ358?3383838228323:?33333 23018456 A G 2237.2 GIG GIG
intergenic Eﬁiﬁgﬁg333833332&38?3333@33 23018631 G c 814.3 cic crc
intergenic Emgggﬁggggggggggéggg::i%égg; 23018679 G A 633.8 AA AA
intergenic Emgggﬁgggggggggggggg:::Zlgggf; 23018863 A c 2350.8 cic crc
intergenic Emgggﬁgggggggggggggg::ilgigg; 23018869 A c 2268.6 crc cic
<o B ST VO
intergenic Emgggﬁgggggggggg;ggg::izgggg; 23019111 c G 2600.8 GIG GG
intergenic Emgggﬁgggggggggggggg:z:z;gg%; 23019515 c T 3003 T T
intergenic Emgggﬁggggggggggéggg::i;g?gg; 23020211 T c 2735.1 cic cic
intergenic Emgggﬁgggggggggggggg:::Z;g;;j; 23020630 T G 3135.1 GG GG
intergenic E:gggﬁgggggggggg;ggg:zigggﬂ; 23021552 A T 2050.8 T T
intergenic Emgggﬁgggggggggg;ggg:ziggggg; 23021740 c A 1153.3 AA AA
intergenic Emgggﬁgggggggggg;ggg::ig;ﬂgg; 23021955 c T 2335.2 I T
intergenic Emgggﬁgggggggggggggg:zigggg; 23022062 A T 2454.9 s s
intergenic Emgggﬁgggggggggggggj::igg‘g‘gi; 23022370 G A 2486.9 AA AA
intergenic Emgggﬁgggggggggg;ggg:Z::ggggg; 23022399 T A 2448.4 AA AA
intergenic E:gggﬁgggggggggg;ggg::igéggg; 23022461 T c 2680.3 cic crc
intergenic Emgggﬁgggggggggg;ggg:zig;gﬁ; 23022554 G A 21032 AA AA
intergenic Emgggﬁgggggggggg;ggg::ig;sgg; 23022575 c T 1992.3 I T
intergenic Emgggﬁgggggggggggggg:::zgég%; 23022592 G c 2152.2 cic crc
intergenic Emgggﬁgggggggggggggj::igg;}g; 23022624 T c 23477 cic cic
intergenic Emgggﬁgggggggggg;ggg:::zgég%; 23022748 A G 11514 GG GG
intergenic E:gggﬁgggggggggg;ggg::igéggg; 23022764 c G 1310.4 GIG GIG
intergenic Emgggﬁgggggggggggggg::ig;ggg 23022772 A c 1201.8 cic cic
intergenic Emgggﬁggggggggggggzg:z:zg;gg; 23022819 c T 1620.4 e T
intergenic Emgggﬁgggggggggg;ggg:::Zggg;‘g‘; 23022825 T c 1855 cic crc
intergenic Emgggﬁgggggggggggggg:ziggfsg; 23023179 A c 2861.9 cic cic
intergenic Emgggﬁgggggggggggggg:ziggfgg; 23023261 A G 2203.2 GG GG
intergenic Emgggﬁgggggggggg;ggg::iggggg; 23023465 A c 21227 cic cic
intergenic Emgggﬁgggggggggégggg:::zggggg; 23023999 A c 2728.8 cic crc
ntergenic ENSECAGO0000023412(dist=23708) 23024619 C 27223 cic TIC
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ENSECAG00000023609(dist=34745

ENSECAG00000023412(dist=24097

( )
intergenic ENSECAGOOOOOO23609£dlst 34356; 23025008 T 2378.2 AA AA
intergenic Emgggﬁggggggggggggg:z giggi; 23025010 T 23955 AA AA
intergenic E“gggﬁgggggggggggg}g:z g‘s‘ggg; 23025365 G 31235 AA AA
T v R o w
intergenic Emgggﬁgggggggggggg:zl gg‘?gg; 23026244 G 2110.6 o v
intergenic Emgggﬁgggggggggggggg:z‘ 25390; 23026301 G 2584.2 AA AA
intergenic Emgggﬁgggggggggggg:z ; 23026329 c 2670 o v
N RN TR
intergenic Emgggﬁgggggggggggg}g:z‘ ggigs; 23026867 G 1977.6 T T
intergenic Emgggﬁggggggggggggg:; ggigg 23026868 T 2185.9 cic cic
intergenic EmgEgﬁgggggggggggEg:z;zggigi; 23026870 c 21495 G/G GIG
intergenic Emgng\ggggggggggggEg:zﬁggggg; 23026974 T 2364.1 AA AA
R o m
intergenic Emgggﬁgggggggggg;ggg:z gg;’;g; 23027028 c 24434 T T
intergenic EmgEgﬁggggggggggggEg::::ggfggg 23027201 T 1572.1 cic cic
intergenic E:gng\ggggggggggégEggz‘zggfgf; 23027203 c 1679.9 GG GG
intergenic EmgEgﬁgggggggggggEg:::zg%gi; 23027670 G 2478.6 crc cic
intergenic EmgEgﬁggggggggggggEg:z{:ggggg; 23028479 A 2287 cic cic
intergenic EmgEgﬁgggggggggggggg:;_%ggg; 23028559 T 24392 cic cic
intergenic Ezgggﬁggggggggggsggd'“ 27660; 23028571 T 2321.1 cic cic
intergenic Emgggﬁgggggggggggg ; 23028656 c 2429.3 T T
intergenic E:gggﬁgggggggggggggdm 30672; 23028692 G 2208.4 AA A
o BNETCROOR T e
intergenic Emgggﬁggggggggggggg; ggggg; 23028841 A 2808.8 cic cic
intergenic EHi582233333333233ES?E‘?S?SB 23028842 G 27212 AA AA
intergenic Emgggﬁggggggggggsﬁg:z _gggggg 23029004 G 2545.4 A AA
intergenic EmgEgﬁggggggggggggEg:nggfgg; 23029195 G 2418.1 AA AA
intergenic Emgng\ggggggggggggEg:z:zggfgg; 23029205 c 2533.8 T T
intergenic EmgEgﬁgggggggggggg%g:ztjggﬁg 23029248 c 24875 T i
intergenic Emgggﬁgggggggggggg:i _ggggg; 23029396 A 3049.2 GG GIG
intergenic Emgggﬁggggggggggggg: ggggg; 23029425 c 2585.7 T i
intergenic E“gEgﬁggggggg;gggEg:itzggggg; 23029468 T 24755 crc cic
intergenic EmgEgﬁggggggggggggEg:;_ggggg; 23029536 T 24465 cic cic
intergenic Emgggﬁggggggg%ggégg:z‘ 28676; 23029587 A 2208.1 GIG GG
intergenic Emgggﬁgggggggggggg:z ; 23029662 c 2597.6 o T
intergenic Emgggﬁgggggggggggg; o 4; 23029940 A 1860.3 T T
intergenic Emgggﬁgggggggggggg}g:z‘ ggggf; 23029963 A 1802.3 GIG GG
intergenic E“gggﬁggggggg;géggg:z( ggggf; 23030673 G 27126 T T
intergenic EmgEgﬁggggggggggggEg::::gg;‘:g; 23031054 A 1978 GIG GIG
intergenic Emgggﬁggggggggggggg:z 'ggg%; 23031492 c 2189.2 T s
intergenic EmgEgﬁgggggggggggg}g:;:ggglg; 23031721 T 2106 cic cic
e R TR o m
intergenic EmgEgﬁggggggggggggEg:z{zg;ggig 23032080 c 1727.7 T T
intergenic ENSEﬁﬁgggggggiiéééEﬂ?ié%gi 23032081 A 1796.6 GG GIG
intergenic EmgEgﬁgggggggggggEg:::zgﬁgg; 23032166 A 2142.1 GIG GIG
e e o wm m
ntergenic ENSECAG00000023412(dist=32240) 23033151 c 28384 T T
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ENSECAG00000023609(dist=26213)
. . ENSECAG00000023412(dist=32489)
intergenic ENSECAG00000023609(dist=25964) 23033400 C T 2263 TT T/T
. X ENSECAG00000023412(dist=32604)
intergenic ENSECAG00000023609(dist=25849) 23033515 G C 2355.2 c/C c/IC
. . ENSECAG00000023412(dist=33118)
intergenic ENSECAG00000023609(dist=25335) 23034029 A C 2804.7 C/C C/C
. . ENSECAG00000023412(dist=33614)
intergenic ENSECAG00000023609(dist=24839) 23034525 C T 2310.7 TT TT
. ) ENSECAG00000023412(dist=36568)
intergenic ENSECAG00000023609(dist=21885) 23037479 G C 1729.3 C/IC C/IC
. . ENSECAG00000023412(dist=37032)
intergenic ENSECAG00000023609(dist=21421) 23037943 T C 22442 C/IC c/iC
. . ENSECAG00000023412(dist=37184)
intergenic ENSECAG00000023609(dist=21269) 23038095 T (o} 1924.7 CIC Cc/C
. . ENSECAG00000023412(dist=38729)
intergenic ENSECAG00000023609(dist=19724) 23039640 A Cc 25725 c/C c/C
. . ENSECAG00000023412(dist=39368)
intergenic ENSECAG00000023609(dist=19085) 23040279 [} A 1686.9 AIA AIA
. . ENSECAG00000023412(dist=39841)
intergenic ENSECAG00000023609(dist=18612) 23040752 [ G 2094.9 GIG GIG
. ) ENSECAG00000023412(dist=41970)
intergenic ENSECAG00000023609(dist=16483) 23042881 T Cc 2164.4 C/IC C/IC
. . ENSECAG00000023412(dist=42136)
intergenic ENSECAG00000023609(dist=16317) 23043047 A G 2307.5 GIG GIG
. . ENSECAG00000023412(dist=47160)
intergenic ENSECAG00000023609(dist=11293) 23048071 G T 2143.2 TT T/T
. . ENSECAG00000023412(dist=47631)
intergenic ENSECAG00000023609(dist=10822) 23048542 T G 657.9 GIG GIG
. . ENSECAG00000023412(dist=47791)
intergenic ENSECAG00000023609(dist=10662) 23048702 G A 1204.9 AA AA
) ’ ENSECAG00000023412(dist=48174)
intergenic ENSECAG00000023609(dist=10279) 23049085 T C 1896.6 C/IC C/IC
. . ENSECAG00000023412(dist=49319)
intergenic ENSECAG00000023609(dist=9134) 23050230 A G 2133 GIG GIG
. . ENSECAG00000023412(dist=49576)
intergenic ENSECAG00000023609(dist=8877) 23050487 T [0 21571 C/IC c/iC
. . ENSECAG00000023412(dist=51070)
intergenic ENSECAG00000023609(dist=7383) 23051981 A C 1020.8 c/C c/C
. . ENSECAG00000023412(dist=51906)
intergenic ENSECAG00000023609(dist=6547) 23052817 A G 1665.8 GIG GIG
. ; ENSECAG00000023412(dist=52465)
intergenic ENSECAG00000023609(dist=5988) 23053376 C G 784.1 GIG GIG
) ’ ENSECAG00000023412(dist=54442)
intergenic ENSECAG00000023609(dist=4011) 23055353 A T 1569.2 TT TIT
. . ENSECAG00000023412(dist=55020)
intergenic ENSECAG00000023609(dist=3433) 23055931 C G 463.8 GIG GIG
. . ENSECAG00000023412(dist=56049)
intergenic ENSECAG00000023609(dist=2404) 23056960 T G 960.9 GIG GIG
intronic ENSECAG00000023609 23059728 T C 2485.6 C/IC C/IC
intronic ENSECAG00000023609 23060978 T G 2605.1 G/G GIG
intronic ENSECAG00000023609 23061231 T C 2838.9 C/C C/C
exon / synonymous ENSECAG00000023609:ENSECAT000000
25286: exon2:c.T465C:p.A155A, 23062178 T c 22138 cic cic
UTR3 ENSECAG00000023609 23062765 C G 27111 G/G GIG
intronic ENSECAG00000023609 23064212 T G 1781.6 G/G G/G
intronic ENSECAG00000023609 23064245 T C 1944.8 C/C C/C
intronic ENSECAG00000023609 23065410 T C 3499.8 C/C C/C
intronic ENSECAG00000023609 23065429 G A 3184.8 A/A AA
intronic ENSECAG00000023609 23065806 C A 2612.3 AA AIA
intronic ENSECAG00000023609 23066575 G A 3336.2 AA AIA
intronic ENSECAG00000023609 23067213 C T 2579.6 TT /T
intronic ENSECAG00000023609 23070605 T G 2494 G/IG GIG
intronic ENSECAG00000023609 23072037 A G 1859.5 G/G G/G
intronic ENSECAG00000023609 23072273 T C 2496.7 C/C C/C
intronic ENSECAG00000023609 23072839 C T 2364.9 TT T
intronic ENSECAG00000023609 23073935 T C 2460 C/IC C/C
intronic ENSECAG00000023609 23074589 G T 2191.7 T/T T/T
intronic ENSECAG00000023609 23075540 G C 1822 C/C C/C
intronic ENSECAG00000023609 23076691 A G 3206.5 GIG GIG
intronic ENSECAG00000023609 23077498 G A 3427.8 A/A A/A
intronic ENSECAG00000023609 23078223 A T 1933.7 T/T T/T
intronic ENSECAG00000023609 23082313 T C 22815 C/C C/IC
intronic ENSECAG00000023609 23082574 G A 2571.1 A/A A/A
intronic ENSECAG00000023609 23083748 T A 2679.2 A/A A/A
intronic ENSECAG00000023609 23083830 T A 2711.3 AJA A/A
intronic ENSECAG00000023609 23084785 T A 2131.3 A/A A/A
intronic ENSECAG00000023609 23085178 C T 2374.6 T/T T/T
intronic ENSECAG00000023609 23086832 C T 2833.2 T/T T/T
intronic ENSECAG00000023609 23088372 A C 1450.7 C/C C/C
intronic ENSECAG00000023609 23092211 C T 2885.2 TT T/T
intronic ENSECAG00000023609 23092220 G T 2974.8 T/T T/T
intronic ENSECAG00000023609 23092640 C A 2509.6 A/A A/A
intronic ENSECAG00000023609 23094385 G A 12131 A/A A/A
intronic ENSECAG00000023609 23097461 T A 1900.3 A/A A/A
intronic ENSECAG00000023609 23098896 T G 1801.2 G/G GIG
intronic ENSECAG00000023609 23102947 C T 2922.1 T/T T/T
intronic ENSECAG00000023609 23104663 G A 2501 A/A A/A
intronic ENSECAG00000023609 23105749 T G 2280.2 GIG GIG
intronic ENSECAG00000023609 23107358 C T 1316.4 T/T T
intronic ENSECAG00000023609 23107825 T C 1464.6 c/C c/IC
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intronic ENSECAG00000023609 23110697 C T 2338.5 T/T T/T
intronic ENSECAG00000023609 23111212 G A 1428.5 A/A A/A
intronic ENSECAG00000023609 23111497 A G 1881.3 G/G G/G
intronic ENSECAG00000023609 23114752 A C 2435.7 C/C C/IC
intronic ENSECAG00000023609 23114998 C T 1269.2 T/T T/T
intronic ENSECAG00000023609 23115006 G A 1298.9 A/A A/A
intronic ENSECAG00000023609 23118285 T C 1632.9 C/C C/C
intronic ENSECAG00000023609 23118434 C A 1691.3 A/A A/A
intronic ENSECAG00000023609 23119256 C G 2430 G/IG G/G
intronic ENSECAG00000023609 23119999 C T 2530.7 T/T T/T
intronic ENSECAG00000023609 23120042 T C 2541.9 C/C C/C
intronic ENSECAG00000023609 23120210 G C 2473.8 C/C C/C
intronic ENSECAG00000023609 23120453 A G 2494.7 GIG G/G
intronic ENSECAG00000023609 23120479 A T 2690.2 T/T T/T
intronic ENSECAG00000023609 23121394 G A 1702.8 A/A A/A
intronic ENSECAG00000023609 23121962 G A 2813.5 A/A A/A
intronic ENSECAG00000023609 23122324 C T 2544.6 T/T T/T
intronic ENSECAG00000023609 23122546 C A 2825.4 A/A A/A
intronic ENSECAG00000023609 23122708 A G 2549.6 G/G G/G
intronic ENSECAG00000023609 23125204 G A 3069.5 A/A A/A
intronic ENSECAG00000023609 23125552 G A 2885.2 A/A A/A
intronic ENSECAG00000023609 23126096 A T 2869.6 TT T/T
intronic ENSECAG00000023609 23127825 T C 2919.4 C/C C/C
intronic ENSECAG00000023609 23128015 C T 2249.6 T/T T/T
intronic ENSECAG00000023609 23128692 G A 2843.8 A/A A/A
intronic ENSECAG00000023609 23129409 A G 1761.2 G/G GIG
intronic ENSECAG00000023609 23130316 G A 2573.7 A/A A/A
intronic ENSECAG00000023609 23130350 C T 2391.6 T/T T/T
intronic ENSECAG00000023609 23132119 C A 2873.3 A/A A/A
intronic ENSECAG00000023609 23132354 C A 2480.9 A/A A/A
intronic ENSECAG00000023609 23134692 C T 2061.7 T/T T/T
intronic ENSECAG00000023609 23137461 A T 2485.9 T/T T/T
intronic ENSECAG00000023609 23139767 G A 3409.2 A/A A/A
intronic ENSECAG00000023609 23140557 G T 2171.8 T/T T/T
intronic ENSECAG00000023609 23140577 C T 2274 T/T T/T
intronic ENSECAG00000023609 23140586 C T 2284.9 T/T T/T
intronic ENSECAG00000023609 23143354 A G 2938.2 G/G GIG
intronic ENSECAG00000023609 23143405 A G 2431.6 G/G G/G
intronic ENSECAG00000023609 23143430 G A 1907.4 AA A/A
intronic ENSECAG00000023609 23143636 G A 798.7 A/A A/A
intronic ENSECAG00000023609 23143662 C T 720.8 T/T T/T
intronic ENSECAG00000023609 23143664 T C 788.8 C/C C/C
intronic ENSECAG00000023609 23143706 T C 903.4 CiC C/C

. . ENSECAG00000023609(dist=1006)

intergenic ENSECAG00000024118(dist=5762) 23146864 (03 G 2586.9 GIG GIG

. . ENSECAG00000023609(dist=1048)

intergenic ENSECAG00000024118(dist=5720) 23146906 C T 27121 TT TT

upstream ENSECAG00000024118 23153395 C T 2225.6 TT TT

upstream ENSECAG00000024118 23153493 A G 2690.1 GIG G/G

upstream ENSECAG00000024118 23153878 A T 2460.1 T/T T/T

. . ENSECAG00000024118(dist=1106)

intergenic ENSECAG00000024187(dlist=711695) 23154066 C T 2484.7 T/T T

. . ENSECAG00000024118(dist=1702)

intergenic ENSECAG00000024187(dist=711099) 23154662 (o} G 25925 G/IG G/IG

. . ENSECAG00000024118(dist=2879)

intergenic ENSECAG00000024187(dist=709922) 23155839 T G 23371 G/IG G/IG

. . ENSECAG00000024118(dist=4352)

intergenic ENSECAG00000024187(dist=708449) 23157312 G T 2113.6 TT TT

K ) ENSECAG00000024118(dist=4430)

intergenic ENSECAG00000024187(dist=708371) 23157390 A G 2462.2 GIG GIG

. ) ENSECAG00000024118(dist=5025)

intergenic ENSECAG00000024187(dist=707776) 23157985 T (o} 2661.3 C/IC C/iC

. . ENSECAG00000024118(dist=5326)

intergenic ENSECAG00000024187(dist=707475) 23158286 A G 3138.3 G/IG GIG

. . ENSECAG00000024118(dist=5897)

intergenic ENSECAG00000024187(dist=706904) 23158857 G A 2926.3 AA AA

. . ENSECAG00000024118(dist=6643)

intergenic ENSECAG00000024187(dist=706158) 23159603 G A 29459 AA AA

. ) ENSECAG00000024118(dist=9735)

intergenic ENSECAG00000024187(dist=703066) 23162695 C T 2664.2 TT TT

K ) ENSECAG00000024118(dist=10206)

intergenic ENSECAG00000024187(dist=702595) 23163166 T C 2617 C/C C/IC

. . ENSECAG00000024118(dist=11275)

intergenic ENSECAG00000024187(dist=701526) 23164235 (o} T 2354.2 T/T TT

. . ENSECAG00000024118(dist=11520)

intergenic ENSECAG00000024187(dist=701281) 23164480 G A 2382 s AIA

. . ENSECAG00000024118(dist=14958)

intergenic ENSECAG00000024187(dist=697843) 23167918 A G 2652.2 GIG GIG

. ) ENSECAG00000024118(dist=15179)

intergenic ENSECAG00000024187(dist=697622) 23168139 G A 2814.7 A/A A/A

. . ENSECAG00000024118(dist=18167)

intergenic ENSECAG00000024187(dlist=694634) 23171127 A G 2269.4 G/IG G/IG

. . ENSECAG00000024118(dist=20085)

intergenic ENSECAG00000024187(dist=692716) 23173045 A G 2769.4 GIG GIG

. . ENSECAG00000024118(dist=20663)

intergenic ENSECAG00000024187(dlist=692138) 23173623 T A 2301.3 AA AA

. . ENSECAG00000024118(dist=21839)

intergenic ENSECAG00000024187dlist=690962) 23174799 G A 33729 AA AA

. . ENSECAG00000024118(dist=25328)

intergenic ENSECAG00000024187 dlist=687473) 23178288 [} T 3618.5 TT TT

intergenic ENSECAG00000024118(dist=26129) 23179089 1577.5 AA A/A
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ENSECAG00000024187(dist=686672)

ENSECAG00000024118(dist=28467)

(
intergenic ENSECAGOOOOOO24187Edist=684334) 23181427 T G 26241 G/IG G/IG
intergenic ENSECAGO00000241 ;ggg::::ggjgfg) 23181442 T c 27005 cic cic
intergenic Emgggﬁggggggggﬂ gggggztzggig%) 23181549 G c 32253 cic cic
intergenic ENSECAco00000 ;?Eg:z{:gg;ggg) 23182158 c A 1423.8 AA AA
intergenic Emgggﬁggggggggﬂ ;38:2:2525;& ) 23182170 c T 1645.4 el T
intergenic ENSECAGO00000241 ;ggg:z{:gggg% 23182447 T c 2426.4 cic cic
intergenic ENSECAGI0000004 odlotoaaaary) 23182448 A G 24185 GiG GiG
intergenic ENSECAGO00000241 ;ggg::::gggggé) 23182669 A G 3438.1 GIG GG
e BSCCE — w o n wmi  wm m
intergenic Emgggﬁggggggggﬂ ;?Eg:;{:ggggig) 23182813 T c 2775 cic cic
e R R T
intergenic ENSECAGO00000241 ;ggg:z{:ggggg;) 23182024 T c 2694.9 cic cic
intergenic Emgggﬁggggggggﬂ ;323:3:22;222) 23183099 c T 2664.9 T T
intergenic RISl ;ggjgz;:ggggig) 23183113 c T 22207 T T
intergenic Emgggﬁggggggggﬂ ;ggj::::gggg%) 23183188 T G 3064.9 GG GG
intergenic ENSECAcO00000241 3;353532233332) 23183219 G A 24835 AA AA
intergenic Emgggﬁggggggggﬂ gggggzigggggg) 23183262 T G 2370.7 GIG GG
intergenic ENSECAGoo0000241 ;ggg::ﬁgggig;) 23183328 c G 25753 GIG GIG
intergenic Emgggﬁggggggggﬂ ;38::::2;?212)) 23184521 G c 2743.9 cic cic
intergenic A ;?Eg::{:g;g;z) 23184667 T A 3576.2 AA AA
intergenic Emgggﬁggggggggﬂ gggg:ztzggggg: ) 23184840 G T 2230.7 el T
intergenic ENSECAcO00000241 ;38:3:2;323)2) 23185519 G A 1484.8 AA AA
e T N TR
intergenic ENSECAGo00000241 ;ggg::ﬁgggzg;) 23185636 T A 1425.3 AA AA
intergenic Emgggﬁggggggggﬂ ;38:3:232232’) 23185854 A T 2626.9 T T
intergenic Emgggﬁggggggggﬂ ;?Eg::{:gggg%) 23185938 T c 2999.5 cic crc
intergenic Emgggﬁggggggggﬂ ;38:3223;2% 23186086 A G 2517.8 GlG GG
intergenic ENSECAGO00000241 ;?Eg:z}:g;gig; ) 23186340 A G 2089.2 GIG GIG
intergenic Emgggﬁggggggggﬂ ;323:3:2322] ())) 23186851 T c 2999.2 cic crc
intergenic AN ;ggg:z:g‘;gg%) 23187185 T c 2344.4 cic cic
s N
intergenic Emgggﬁggggggggj} ;?Eg::}:g‘;g‘z‘gg) 23187506 G A 2593.8 AA A
intergenic Emgggﬁggggggggj} ;323:2:22‘7‘2%% 23187524 A G 2610.6 GIG GG
intergenic ENSECAGO00000241 ;?Eg:z}:g‘;gg% 23187547 T c 2577.7 cic cic
intergenic Emgggﬁggggggggﬂ gggggzig%ggg) 23189402 A G 2674.9 GIG GG
intergenic AN ;ggg:z:gggg%) 23190189 G A 2554.8 AA AA
e BSCCCEE — m  o a am  wm m
intergenic ENSECAcO00000 ;?Eg:i:g?ﬂg;) 23191336 G A 21525 AA AA
P T
intergenic ENSECAGO00000241 ;ggg:z;:ggzg%) 23191742 G A 3575.7 AA AA
intergenic Emgggﬁggggggggﬂ ;38::::2%;2;) 23192074 G A 22923 AA AA
intergenic Emgggﬁggggggggﬂ 33353:3:233%)7) 23193054 G A 22385 AA AA
intergenic Emgggﬁggggggggﬂ ;ggjgzig%g&) 23193197 c T 3289.1 T T
intergenic ENSECAcO00000241 ;?Eg:i:g%‘ggg) 23193458 A c 2858.6 cic cic
e N ST TS
e Bem ey e T m
ntergenic ENSECAGO0000024118(dist=45603) 23198563 2952.1 cic cIc
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ENSECAGO0000024187 (dist=667198)
intergenic e CAGO00000241 ;?Eg:zt:ggg;g)s) 23198838 A G 2878.4 GIG GIG
intergenic Emgggﬁggggggggj} ;‘;Eg:z}:g;ggg) 23200331 T c 2078.6 crc cic
intergenic ENSECAGO00000241 ;?Ej:ziggig;g) 23200841 c G 2422 G/G GIG
intergenic o gggjgziéglggg) 23201092 A T 1979.9 T T
intergenic ENSECAGOD0000241 ;?Eg::iggggg) 23201436 T G 2848.8 G/G GIG
intergenic 0ot ;?Eg:gigggglg) 23202421 G A 3081.7 AA AA
intergenic el ;?Eg:i:ggg;gg) 23202473 A G 2580.7 G/G /G
intergenic Emgggﬁggggggggj} ;‘;Eg:ziggggg; ) 23202540 A G 2201.8 Ve GG
intergenic ENSECAGO00000241 ;?Ej:ziggggg’e) 23202665 G A 1716.5 AA AA
intergenic Emgggﬁggggggg%g] ;*;Ej:zgég;ggg) 23202728 T c 1302 cic cic
intergenic ENSECAGOD0000241 ;?Eg::igggggg) 23202766 c T 1231.3 T T
intergenic G 0aat ;?Eg:gigggggg) 23203162 c T 2604.9 s i
intergenic BN CAGO00000241 ;?Eg:zﬁ:gg?;gg) 23204033 G A 27733 AA AA
intergenic Emgggﬁggggggggj} ;?Ej:i:gél ggg) 23204123 A c 3090 cic cic
intergenic ENSECAGO00000241 ;‘;E‘d’:ijgégg‘:’;) 23204843 A G 3453.4 GIG GIG
intergenic Emgggﬁggggggggﬂ ;?Eg::{zggg;g;) 23205939 G T 3083.6 T o
intergenic Al ;?Eg::{:ggg%g) 23206361 A G 3352.2 GIG GIG
intergenic Emgggﬁggggggg%i] ;?Ej:zigg;g% ) 23206690 A G 1900.3 feVe GG
intergenic NS c0000002 ;?Eg:i:gggg%) 23206845 T c 2986.4 crc cic
intergenic Emgggﬁggggggggﬂ ;‘;Eg:zggg;%g) 23207661 c G 2781.1 feVe) GG
intergenic ENSECAGOD0000241 ;f;gg::{:ggégg) 23200132 G T 2632.7 T T
intergenic Emgggﬁggggggggﬂ ;?Eg::{zgggg);g) 23200671 T c 2040.3 cic cric
intergenic ARl ;?Eg::{:gggg%) 23200845 c T 2339.1 T T
intergenic Emgggﬁggggggg%i] ;?Ej:iig;;gg; ) 23210140 G c 2404.3 crc cic
intergenic Emgggﬁggggggggﬂ ;?Eg:i:gggg;g) 23213411 G c 2416.9 cic cic
intergenic Emgggﬁggggggggﬂ ;‘;Eg:zgggfggé) 23213895 T G 2371 Ve e
intergenic ENSECAGOD0000241 ;%g::}:g;f;gg) 23214175 c G 2865.4 GIG GIG
intergenic Emgggﬁggggggggﬂ ;?Eg::{:ggggg;) 23215264 c T 2412.7 T T
intergenic ARl ;*;Ej::::gggg%) 23215685 c T 32208 T 7
intergenic Emgggﬁggggggggj} ;?Eg:iigigg;z) 23218867 T c 2117.9 crc cic
intergenic ENSECAGO00000241 ;?Ej:ztjgzgi%) 23220316 G T 2314.9 T T
intergenic A ;?Eg:i::gig;gl) 23222177 T G 2544.9 6lG GiG
intergenic ENSECAGOD0000241 ggg‘d’::igggzgg) 23223335 A G 3096.2 GIG GIG
intergenic Emgggﬁggggggggﬂ ;?Eg::{:gﬁgg;) 23224194 c T 2259.5 T T
intergenic Emgggﬁggggggggﬂ ;‘;Eg:zﬁ:ggg%& 23225991 T c 2692.5 cic cic
intergenic Emgggﬁggggggggj} ;?Eg:zgggg?g) 23228948 A G 2809.6 Ve GG
intergenic ENSECAGO00000241 ;?Ej:ziggégég) 23229201 T G 2178.4 GIG GIG
intergenic ENSECAGI0000004 oidlotataat) 23229523 T c 18735 cic crc
intergenic ENSECAGOD0000241 ggg‘d’::iggigz) 23231237 A c 14115 cic cic
intergenic Emgggﬁggggggggﬂ ;?Eg:g:gﬁ%) 23231419 c G 1595.9 GIG GG
intergenic ENSECAc00000024. ;?Eg:iiggﬂg’z) 23231639 A G 2614.8 GG GG
intergenic Emgggﬁggggggggﬂ ;‘;Eg:zi;gigg} ) 23231760 A G 3211.1 Ve GG
intergenic ENSECAGO00000241 ;‘;Eg:zigggg‘n) 23231844 A G 22318 GIG GIG
e
T R R
e e et o w
nforgenic ENSECAGO0000024118(dist=82415) 23235375 A 2319 GIG GlG
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ENSECAGO0000024187(dist=630386)
intergenic Emgggﬁggggggggﬂ;?Ed's‘_gggégz) 23235377 c T 24003 T T
intergenic E“gggﬁggggggggﬁgg :ggggéé) 23236201 T c 3072.3 cic cic
B
intergenic e gggd'“ Zgggi)s) 23237718 A T 2536.5 T T
intergenic Emgggﬁggggggggﬂ;ggd:st_ggsgggi) 23238268 C T 2603.8 TT TT
intergenic Ezgggﬁggggggggﬂg{g::ﬁ:ggéggé) 23239205 T G 3179.9 GG GG
intergenic Emgggﬁggggggggﬂggg:“:gggg% 23239244 c T 36233 T I
. S
intergenic Emgggﬁggggggggﬂ;ggg::; gggég) 23240602 T G 2656.8 GIG GIG
R T R
intergenic Emgggﬁggggggggﬂg%dlst gggggé) 23241895 A G 2801.5 GIG GIG
intergenic NS o00aat ;?Ed'“ ggggg)ﬂ 23241960 c G 468.7 cic clG
s R
intergenic Emgggﬁggggggggﬂ;?Eg:st_ggg?gg) 23243563 T c 2814.4 crc cic
intergenic E:gggﬁggggggggﬂggd's‘ 90729) 23243689 T c 3226.1 crc cic
intergenic Emgggﬁggggggggﬂgg 23244146 G c 33245 cic cic
intergenic Eméggﬁggggggggﬂgﬁ Setoa0m0) 23245001 c G 2082.6 GG GG
intergenic Emgggﬁggggggggﬂ;%d'“ 94447) 23247407 A T 1996.9 T T
intergenic N A o000002a ;38:3 2‘1‘2‘1‘5;) 23247602 T G 2798.1 GIG GG
intergenic e RS oo00aes ;323:3 g?;gg;) 23248704 T c 2301.8 cic cic
intergenic ENSECAGOD0000241 ;?Eg:s‘ gfgi%) 23249282 A G 312256 G/G GIG
intergenic o E RS ooo0aer Sdittrotah) 23249332 c A 3484.4 AA AA
e OSSO e o+ e
R S
intergenic Emgggﬁggggggggﬂ;ggg:; g?g%g) 23252052 c A 23523 AA AA
intergenic Emgggﬁggggggggﬂ;%::; g?g;?‘;; 23253144 A G 2813.6 GIG G/G
intergenic Emgggﬁggggggggﬂ ;gg::{zég’?gg‘;; 23253824 G T 2130.7 T A
intergenic NS G000000a41 ;?E dist= é%g;g’g 23255470 G A 23415 AA AA
intergenic 55358223383885315812‘ 1039”; 23256871 T c 2500.7 cic cic
intergenic e RS oo0aet ;?Eg:: ; 23261224 T c 2715.2 cic cic
N T
intergenic Emgggﬁggggggggﬂ;?gg::“;gigg?; 23261490 G A 2428.7 AA AA
intergenic Emgggﬁggggggggﬂ;gzggziggffg‘;; 23261594 G A 3148.7 AA AA
intergenic Emgggﬁggggggggﬂ;?Eg:;::;ggggg; 23262761 G A 3015.8 AA AA
intergenic Emgggﬁggggggggﬂ ;?Eg:i“;g%ig; 23263116 T c 2825.7 cic cic
intergenic ERERA e gggg::iég]g%; 23264491 A G 2615.9 6lG 66
intergenic 000000241 ;?Eg:i}:;ggg;; 23265084 A T 2617.1 7 7
intergenic e oo0aar Sists90001) 23265780 T G 2688.4 6lG GG
intergenic ENSECAGOD0000241 ;?Eg:;:;g??;‘;; 23268574 A G 33758 G/G G/G
intergenic Emgggﬁggggggggﬂg?}g:::f;;gigg; 23260202 c A 2054.7 AA AA
intergenic Emgggﬁggggggggﬂgﬁg:z: ;;gig?; 23269300 A G 2460.4 G/G GG
intergenic Emgggﬁggggggggﬂ;%g::t ;;gg??; 23272190 c T 2622.6 s T
intergenic Emgggﬁggggggggﬂggg:z' ”9309; 23272269 G A 27833 AA AA
intergenic S opo00aat ;?Ej:: g 23272952 c G 2804.6 GIG G/G
intergenic Emgggﬁggggggggﬂgg:; oy 483 23275513 T c 3143.3 cic cic
intergenic BN C 000000241 ;?Eg::“;gégg?; 23277860 T 2746 cic cic
infergenic ENSECAGO0000024118(dist=124920) 23277880 c T 27954 i T
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ENSECAG00000024187(dist=587881

ENSECAG00000024118(dist=125461

( )
intergenic e 87E et 2 403 23278421 A G 2799.3 GIG GIG
intergenic Emgggﬁggggggggﬂg%g:z ;ggg;‘;; 23278934 G A 2463.1 AA ANA
intergenic s ;?Eg:; ;ggigg; 23280301 T c 3094.9 cic cic
intergenic Emgggﬁggggggggﬂ ;?Eg:zt’égigg‘;; 23280994 G A 1976.1 AA AA
intergenic Emgggﬁggggggggﬁggi ;gigg?; 23281400 c G 3769.5 GG GIG
intergenic Emgggﬁggggggggﬂ ;?Eg:; ;ggigg; 23282352 G c 2664.5 cic cic
intergenic ENSECAcO0000024 ;?Eg:i";ggggg; 23282859 T G 2415.1 GG GG
T T
intergenic s ;?Eg:z}‘;%‘ggg; 23287859 A G 29645 G/G G/G
intergenic Emgggﬁggggggggﬂ ;?Eg:?‘;g?gg?; 23288460 T c 3839.3 cic cic
intergenic Emgggﬁggggggggﬁ ;*;Ej:zt‘ggg;gg; 23289069 T c 2002.8 crc cic
intergenic Emgggﬁggggggggﬂ ;?Eg:i:‘gggigg; 23289283 G A 2131.8 AA AA
I T S R
intergenic Emgggﬁggggggggﬂ ;‘;Eg:zt ;gﬁgﬂ; 23291547 c T 2175.8 v o
T
s
<
intergenic Emgggﬁggggggggﬂggg:? 140319; 23293279 G A 2823.6 AA ANA
intergenic ENSECAcO00000241 ;?Eg:z ; 23294891 c G 2703.6 GG GlG
T T
intergenic Emgggﬁggggggggi] ;38:2“;2;;?‘7‘; 23207144 c G 138.9 cie ce
intergenic el ;?Eg:z:‘;‘éggggg 23299968 A G 1826 GIG GIG
intergenic Emgggﬁgggggggéﬁ ;‘;Eg:z}‘;‘ég%gg 23300039 T A 22025 AA AA
intergenic Emgggﬁggggggggﬂ ;38:3_;23?8 23300351 A c 1889.3 cic cic
T T
T T
T S A
intergenic Emgggﬁggggggggﬂ ;?Eg:; ;‘6‘%%; 23302687 T G 2675.6 GIG GG
intergenic E“gggﬁggggggggﬂ ;?Eg:? ;ggg;gg 23303379 A G 2769.5 GG GlG
T
intergenic s %13%3:21 ;gg%g; 23304981 T A 1289.9 AA AA
intergenic NS B 00000024, ;?Eg::“ﬁ‘”m; 23307141 T c 1956.5 cic cic
intergenic Emgggﬁggggggggi] ;38:2 ; 23307634 A G 2075.8 GG GG
intergenic Emgggﬁggggggggﬂ ;?Eg:; 555857; 23309904 G A 1551.3 AA AA
intergenic ENSECAcO00000241 ;?Eg:i";ggggg; 23309923 A G 18015 GG GlG
intergenic Emgggﬁggggggggﬂ g%g:z:’;ggiég; 23310272 T c 2839.9 cic cic
e DU mm o 2w wm m
intergenic Errrnnnreol ;?Eg:z“gggéggg 23312081 A G 2522.1 GlG GIG
intergenic Emgggﬁggggggggi] 33813‘2232?53 23312042 T c 2944.8 cic cic
T T R
intergenic ENSECAG00000024118(dist=160863) 23313823 G A 2917.6 AA AA

ENSECAG00000024187(dist=551938)

TLocation: Indicates where the SNP is located in relation to Ensembl genes. In cases of coding sequence overlap, the predicted consequence to the protein is indicated.
The gene intersection was performed using the software ANNOVAR.

2 Closest gene: Ensembl gene ID of overlapping gene and in cases of no direct gene overlap the distance to the closest gene(s). In cases where the polymorphism is
predicted to alter the coding sequence; affected Ensembl transcripts, exons, positions within the transcript, the codon number as well as amino acid substitutions are also
indicated.

*SNP score: SNP score from the Unified Genotyper walker in the Genome Analysis Toolkit software (GATK). Indicates the -10log probability for SNP call being wrong
(higher values=more confidence in call)
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SUPPLEMENTARY INFORMATION RHaYZ\i{H;]

Supplementary Table 4. Sequence differences for which the variant allele was
found to be unique to the Gait haplotype

Type c::sc:t:t):n/ce Closest gene(s) ° Coordinate Ref. Var. 3 SNP a i::zzr:::
1 (EquCab?2) allele allele score
overlap
SNP intronic ENSECAG00000023385 22919878 A G 1282.4 no
SNP intronic ENSECAG00000023385 22920361 C T 931.5 no
SNP intronic ENSECAG00000023385 22920434 A T 1266.1 no
SNP intronic ENSECAG00000023385 22920646 G A 1452.9 no
SNP intronic ENSECAG00000023385 22920717 C T 1397.5 no
SNP intronic ENSECAG00000023385 22921203 G T 924.8 no
SNP intronic ENSECAG00000023385 22922079 A G 850.8 no
SNP intronic ENSECAG00000023385 22922780 C T 900.1 no
SNP intronic ENSECAG00000023385 22923569 A G 1467.3 no
SNP intronic ENSECAG00000023385 22924120 G A 1010.3 no
INDEL intronic ENSECAG00000023385 22924142 - A 1446.7 no
SNP intronic ENSECAG00000023385 22924299 T G 511.6 no
SNP intronic ENSECAG00000023385 22924380 A G/C (*) 767.5 no
SNP intronic ENSECAG00000023385 22924407 C T 828.5 no
SNP intronic ENSECAG00000023385 22926098 C T 1418.2 no
SNP intronic ENSECAG00000023385 22926188 T C 1184.3 no
SNP intronic ENSECAG00000023385 22926872 A C 1331.5 no
SNP intronic ENSECAG00000023385 22927387 C T 744.7 no
SNP intronic ENSECAG00000023385 22927607 T C 1044.7 no
SNP intronic ENSECAG00000023385 22928220 C T 1163.2 yes
SNP intronic ENSECAG00000023385 22928537 T G 1190.2 no
SNP intronic ENSECAG00000023385 22928587 A G 1294 no
SNP intronic ENSECAG00000023385 22929137 G A 1229.1 no
SNP intronic ENSECAG00000023385 22930011 A C 1069.9 no
SNP intronic ENSECAG00000023385 22932024 G A 1192.9 no
SNP intronic ENSECAG00000023385 22932895 A G 1066.6 no
SNP intronic ENSECAG00000023385 22933218 A G (1) 576,8 no
SNP intronic ENSECAG00000023385 22936034 A G 1292.3 no
SNP intronic ENSECAG00000023385 22940759 T G 1708.6 no
SNP intronic ENSECAG00000023385 22942423 T A 1250.6 no
SNP intronic ENSECAG00000023385 22945643 G C 1156.9 no
SNP intronic ENSECAG00000023385 22946599 A T 886.8 no
SNP intronic ENSECAG00000023385 22948774 C T 409.2 no
SNP intronic ENSECAG00000023385 22949055 A G 1167.5 no
SNP intronic ENSECAG00000023385 22949108 A G 1117.6 no
SNP intronic ENSECAG00000023385 22949240 T C 830.6 no
SNP intronic ENSECAG00000023385 22956846 G T 1034.2 no
SNP intronic ENSECAG00000023385 22960132 A C 790.4 yes
SNP intronic ENSECAG00000023385 22960528 T C 1134.8 no
SNP intronic ENSECAG00000023385 22960710 C T 1005.8 no
SNP intronic ENSECAG00000023385 22964042 C T 422.1 no
INDEL intronic ENSECAG00000023385 22965059 - GA 1962.9 no
SNP intronic ENSECAG00000023385 22967119 C T 996 no
SNP intronic ENSECAG00000023385 22967656 C T 1506.8 no
SNP intronic ENSECAG00000023385 22967915 G C 1568.1 no
SNP intronic ENSECAG00000023385 22968898 G A 1244.3 no
SNP intronic ENSECAG00000023385 22973984 C T 1292.9 yes
SNP intronic ENSECAG00000023385 22974589 T C 428.2 yes
. . ENSECAG00000023385 (dist=1086) yes
SNP intergenic ENSECAG00000023412 (dist=8128) 22979124 T C 1378.4
. ) ENSECAG00000023385 (dist=1976) no
SNP intergenic ENSECAG00000023412 (dist=7238) 22980014 C T 291.7
. . ENSECAG00000023385 (dist=4841) no
SNP intergenic ENSECAG00000023412 (dist=4373) 22982879 T C 568.5
. . ENSECAG00000023385 (dist=6551 no
INDELs intergenic ENSECAG00000023412 Edist=2663i 22984588 A - 498.3
’ ) ENSECAG00000023385 (dist=7709) no
INDEL intergenic ENSECAG00000023412 (dist=1505) 22985746 G - 840.1
SNP intronic ENSECAG00000023412 22988210 C A 433.7 no
SNP intronic ENSECAG00000023412 22988991 T G 1197.5 no
SNP intronic ENSECAG00000023412 22993092 C A 1163.8 no
SNP intronic ENSECAG00000023412 22994591 C A 1301.2 no
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SNP intronic ENSECAG00000023412 22999058 G A 1163.4 no
oxon/ ENSECAG00000023412 no
NP | o | ENSECAT00000025062 22999655 c A 4936
Pg exon2:c.C128A:p.543X,
. . ENSECAG00000023412 (dist=1695) no
NP 23002 A 1236.7
S INTErgenic | ¢ SECAG00000023609(dist=56758) | 202000 e 36
, , ENSECAG00000023412 (dist=3045) no
INDEL intergenic ENSECAG00000023609(dist=55408) 23003956 - TG 1226.2
A A ENSECAG00000023412 (dist=7861) no
SNP iNtergenic | ¢\ cFCAG00000023609(dist=50502) | 2008’72 G A 10177
_ _ ENSECAG00000023412 (dist=7878) no
SNP intergenic ENSECAG00000023609(dist=50575) 23008789 G A 1104.9
. , ENSECAG00000023412 (dist=8737) no
SNP intergenic ENSECAG00000023609(dist=49716) 23009648 A T 769.9
. _ ENSECAG00000023412 (dist=9253) no
SNP intergenic | £\ cFCAG00000023609(dist=49200) | 25010164 G A 1616
. . ENSECAG00000023412(dist=10378) no
SNP intergenic ENSECAG00000023609(dist=48075) 23011289 G C 1178.8

!Location: Indicates where the SNP is located in relation to Ensembl genes. In cases of coding sequence overlap, the predicted
consequence to the protein is indicated. The gene intersection was performed using the software ANNOVAR.

?Closest gene: Ensembl gene ID of overlapping gene and in cases of no direct gene overlap the distance to the closest gene(s). In
cases where the polymorphism is predicted to alter the coding sequence; affected Ensembl transcripts, exons, positions within
the transcript, the codon number as well as amino acid substitutions are also indicated.

® Var. allele: Variant allele observed at polymorphic position. For insertion polymorphisms in relation to the reference assembly
(EquCab2), the reference allele is denoted “-“ and for deletions in relation to the reference the variant allele is denoted “-“. All
polymorphisms except two were homozygous for the variant allele in the Case horse and homozygous for the reference allele in
the Control horse unless otherwise stated in the Var. allele column (* and )

* One of the identified SNPs (chr23:22,924,380) was identified as tri-allelic, with the Case horse being homozygous for the G-
allele and the Control horse being homozygous for the C-allele.

A One of the SNPs (chr23:22,933,218) was identified as heterozygous in the Case horse and homozygous for the reference allele
in the Control horse. The G-allele at this SNP has likely occurred subsequent to the DMRT3 nonsense mutation.

*SNP score: SNP score from the Unified Genotyper walker in the Genome Analysis Toolkit software (GATK). Indicates the -10log
probability for SNP call being wrong (higher values=more confidence in call)

® Conserved sequence overlap: Indicates whether the polymorphism occurs within Constrained Elements among 29 mammals
(Lindblad-Toh et al., Nature 478, 476-482)
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Supplementary Table 5. Differences in mean in scores from breeding field tests between homozygous mutant (AA)
and homozygous wild-type (CC) or heterozygous (CA) horses, all shown as four gaited.

Trait Average C/- Average AA Difference Std Dev C/- Std Dev AA number C/- number AA P(two sided)
Trot* 82.28 79.15 3.13 5.59 8.51 87 41 0.01
Form 82.83 79.83 3.00 5.45 7.76 87 41 0.01
Character 79.60 77.11 249 3.90 4.04 42 19 0.03
Correct 76.03 73.66 2.38 5.71 5.27 87 41 0.03
Gallop 82.25 79.71 2.55 6.14 6.89 87 41 0.03
Legs 78.01 80.20 -2.18 5.40 6.19 87 41 0.04
Slow tolt 80.10 76.40 3.70 6.51 10.16 50 25 0.06
Walk 77.98 74.14 3.84 8.86 9.26 58 29 0.06
Slow gallop 82.33 77.86 4.48 8.28 4.26 30 14 0.07
Back 79.80 78.49 1.32 6.07 4.21 87 41 0.22
Neck 79.71 78.66 1.05 4.66 4.90 87 41 0.24
Hoofs 81.09 79.90 1.19 5.48 5.63 87 41 0.26
Proportions 79.28 78.66 0.62 4.80 4.88 87 41 0.50
Combined Spirit 82.51 82.02 0.49 4.86 6.54 87 41 0.66
Willingness 80.81 81.32 -0.51 4.70 5.49 42 19 0.72
Spirit 84.56 84.09 0.46 4.86 7.66 45 22 0.76
Toelt 82.87 82.49 0.39 6.41 9.71 87 41 0.78
Head 77.18 77.12 0.06 5.33 5.73 87 41 0.95
Age at evaluation 2.78 2.61 0.17 1.17 1.05 87 41 0.42

*The horse capacity to run in high speed is evaluated but is not as important as the quality of the gait,
a beautiful expression, balance, collection and rhythm.
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Supplementary Table 6. Gait parameters analysed in mice at 9, 15 and 20 cm/s.

Difference compared Difference compared Bonforroni
Stance time (AVG) Genotype Mean forelimb  to WT front (%) Mean hind limb to WT rear (%) Forelimb Hind limb
9cm/s WT 241.77 0.00 303.67 0.00
3 animals/genotype Dmrt3+/- 244.77 1.24 316.82 4.33 ns ns
n=4-9 trials/genotype Dmrt3-/- 273.35 13.06 326.42 7.49 ns ns
15 cm/s WT 177.57 0.00 210.62 0.00
3 animals/genotype Dmrt3+/- 165.36 -6.88 211.55 0.44 ns ns
n=4-9 trials/genotype Dmrt3-/- 192.20 8.24 206.17 -2.11 ns ns
20 cm/s WT 129.46 0.00 142.18 0.00
5 animals/genotype Dmrt3+/- 134.36 3.78 148.26 4.28 ns ns
n=11-12 trials Dmrt3-/- 142.79 10.30 145.92 2.63 * ns
Difference compared Difference compared
Swing time (AVG) Mean forelimb  to WT front (%) Mean hind limb to WT rear (%) Forelimb Hind limb
9cm/s WT 171.56 0.00 122.79 0.00
3 animals/genotype Dmrt3+/- 141.93 -17.27 123.98 0.97 ns ns
n=4-9 trials/genotype Dmrt3-/- 182.11 6.15 106.11 -13.59 ns ns
15 cm/s WT 137.59 0.00 122.47 0.00
3 animals/genotype Dmrt3+/- 134.47 -2.26 97.60 -20.31 ns *
n=4-9 trials/genotype Dmrt3-/- 163.59 18.90 130.55 6.60 ns ns
20 cm/s WT 117.84 0.00 108.56 0.00
5 animals/genotype Dmrt3+/- 127.73 8.39 112.72 3.83 ns ns
n=11-12 trials Dmrt3-/- 147.21 24.92 139.98 28.94 Rk *k
Difference compared Difference compared
Break time (AVG) Mean forelimb  to WT front (%) Mean hind limb to WT rear (%) Forelimb Hind limb
9cm/s WT 121.69 0.00 148.23 0.00
3 animals/genotype Dmrt3+/- 124.92 2.65 143.39 -3.26 ns ns
n=4-9 trials/genotype Dmrt3-/- 126.09 3.61 134.91 -8.98 ns ns
15 cm/s WT 79.30 0.00 91.03 0.00
3 animals/genotype Dmrt3+/- 71.26 -10.15 101.28 11.25 ns ns
n=4-9 trials/genotype Dmrt3-/- 76.32 -3.76 96.85 6.39 ns ns
20 cm/s WT 66.05 0.00 78.02 0.00
5 animals/genotype Dmrt3+/- 63.91 -3.2 73.75 -5.47 ns ns
n=11-12 trials Dmrt3-/- 67.11 1.6 62.93 -19.3 ns *k
Difference compared Difference compared
Propulsion time (AVG) Mean forelimb ~ to WT front (%) Mean hind limb to WT rear (%) Forelimb Hind limb
9cm/s WT 120.08 0.00 155.44 0.00
3 animals/genotype Dmrt3+/- 119.85 -0.19 144.42 -7.09 ns ns
n=4-9 trials/genotype Dmrt3-/- 147.26 22.64 191.50 23.20 * *
15 cm/s WT 101.11 0.00 106.63 0.00
3 animals/genotype Dmrt3+/- 94.10 -6.93 110.27 341 ns ns
n=4-9 trials/genotype Dmrt3-/- 115.88 14.60 109.32 2.52 ns ns
20 cm/s WT 63.41 0.00 64.15 0.00
5 animals/genotype Dmrt3+/- 70.45 11.11 74.47 1.16 ns ns
n=11-12 trials Dmrt3-/- 75.68 22.19 82.99 29.37 ** *

One-way Anova, followed by Bonferroni Post-hoc test (P<0.05 *, P<0.01**, P<0.001 ***)
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