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An Independent Locus Upstream of ASIP Controls
Variation in the Shade of the Bay Coat Colour in
Horses

Supplementary Methods

Genotyping

Genotyping for this study was carried out as part of two previous projects [1,2]. Briefly, blood
and/or hair samples were collected from the horses in accordance with The Institutional Animal Care
and Use Committee (IACUC, Study #201708411) and under appropriate Animal Use approvals as
reported in each study. Genomic DNA was extracted using standard methods and all horses
genotyped using the Axiom Equine Genotyping Array (MNEc670k, Affymetrix, Inc.) [3] at either
GeneSeek® (Neogen Corporation®, Lincoln, NE, USA) or Affymetrix (part of Thermo Fisher
Scientific, Santa Clara, CA, USA). Raw CEL files from each genotyping lab were individually loaded
into the Axiom Analysis Suite for SNP calling. Sample filters were set to a DishQC score 20.82 and a
sample call rate 290%.

Post genotyping, the variant list was restricted to “PolyHighResolution” clusters with a Fisher’s
Linear Discriminant of 3.6. Genotypes were then exported to a numeric genotype call format and
converted to the Variant Call Format (VCF). Genotype calls from each lab were combined
sequentially, with Affymetrix and GeneSeek® calls merged based upon filters set to 90% SNP
genotyping rate and 1% minor allele frequency (MAF). A subset of US Arabians (from unselected
origins) was used to test all SNPs for Hardy Weinberg Equilibrium (HWE). Autosomal variants with
p-values more extreme than 0.005 (corrected for multiple testing) were removed from the genotype
files.

Of the 670k SNPs on the array, 114,757 were removed during these pre-processing steps, with
the remaining 555,243 comprising the set of SNPs available for our analysis of coat colour. The SNPs
were distributed across 31 autosomes, the X chromosome and two groups of unassigned variants.

A subset of the horses underwent whole-genome sequencing [2]. SNPs derived from sequencing
of these horses were merged with the genotyped sample dataset to generate the final set of variant
calls for downstream analysis. Variants with a genotyping rate < 80%, MAF < 1%, or variants that
were flagged as multi-allelic were removed from this final dataset.

Supplementary Results

Combined Effect of Lead SNP and Known Variation in ASIP and MC1R

It has been hypothesised that the Extension (E) locus at MCIR has a dosage effect on the shade
of bay such that horses with the EF/EE genotype are darker than those with the EE/E¢ genotype [4].
Whilst in the same study, no evidence was found to support any relationship between the Agouti (A)
locus and shade of bay, more recent work by Druml et al. [5] suggested that horses carrying the
combination of EF/EF and A4/A® were characterised by darker shades. We conditioned the GWAS on
tag SNPs representing the E and A loci and can, therefore, be fairly confident that the associations we
detected are independent of these previously characterised variants. However, in the interests of
transparency and completeness, we (1) calculated linkage disequilibrium (LD) and explored the
haplotypic background of the lead SNP and the A locus (since these are co-located on ECA22); (2)
fitted a series of linear regression models to explore further the possibility of overlapping and/or
interacting signals.
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Linkage disequilibrium results for ASIP

The estimated 12 between the lead SNP, AX-103117105 (T/C), and the SNP tagging the A locus in
ASIP, AX-103951024 (G/A), was 0.06, and the corresponding D prime estimate was 1. The in-phase
alleles were predicted to be TA/CG and the observed and expected allele frequencies are shown in
Table S2. Whilst this information is useful in understanding the relationship between these two
variants within our dataset, our sample does not constitute a random sample from the population
(and has in fact been selected based on genotype at the Agouti locus itself) and, therefore, the
haplotypic structure we observe is not likely to be representative of that observed in the population
more generally.

Multi-SNP linear model results

In addition to the single-SNP models described in the main text, we fitted three linear models in
which the shade of bay rank was the dependent variable and two SNPs (and their interaction term)
were fitted as predictors: (1) AX-103117105 (T/C) (lead SNP) and AX-103951024 (G/A) (A locus tag
SNP); (2) AX-103117105 (T/C) (lead SNP) and AX-104805525 (C/T) (E locus tag SNP); (3) AX-
103951024 (G/A) (A locus tag SNP) and AX-104805525 (C/T) (E locus tag SNP). These models revealed
no evidence for an interaction between any of the SNP pairs tested (Table S3). The A locus, as proxied
by AX-103951024, had a negligible effect on the shade of bay when fitted alongside the lead SNP from
the GWAS (Table S3, Figure S11). The E locus had a dosage effect as previously proposed such that
the SNP genotype proxying EE/EE was associated with a darker coat colour. The combined effect of
the lead SNP from the GWAS and the E locus suggested an additive relationship such that horses
with the CC genotype at AX-104805525 and the CC genotype at AX-103117105 were (on average) the
darkest, whereas those with the CT genotype at AX-104805525 and the TT genotype at AX-103117105
were the lightest (Table S3, Figure 512). There was no evidence to support an interaction between the
E locus and the A locus with respect to shade of bay rank (Table S3, Figure 513). Results from models
in which the ten principal components were also fitted as predictors (as in the GWAS) were consistent
with the SNP only models (results not shown).

Supplementary Tables

Table S1. List of SNPs on chromosome 22 found to be associated with shade of bay phenotype in the
primary GWAS analysis. Results for index SNPs identified using an LD-based clumping procedure

are highlighted in bold.

SNP. BP EA Beta (SE) P-value EAF HWE p-value
AX-103538677 24687615 C 27.02 (4.78) 1.22 x 107 0.35 0.84
AX-104169687 24850601 T -31.29 (3.71) 1.37 x 1013 0.38 0.13
AX-103445116 24968297 G -31.04 (3.75) 3.09 x 1013 0.37 0.18
AX-103117105 24998294 T -32.27 (3.61) 9.76 x 1015 0.38 0.13
AX-103727960 25002255 T 31.20 (4.34) 8.10 x 10 0.48 0.60
AX-104760472 25020920 C -31.96 (3.89) 3.92 x1013 0.35 0.12
AX-103065495 25226879 G -28.08 (4.34) 2. x 109 0.37 0.35

BP = base per position (EquCab2.0); EA = effect allele; SE = standard error; EAF = effect allele
frequency; HWE = Hardy Weinberg equilibrium; LD = linkage disequilibrium.
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Table S2. Haplotype frequencies of AX-103117105 (T/C) and AX-103951024 (G/A) in ASIP. The SNP
AX-103117105 (T/C) is the lead SNP from the GWAS. The SNP AX-103951024 (G/A) was used to tag
the Agouti locus such that the ‘A’ allele at AX-103951024 corresponds to the dominant allele, A%, and
the ‘G’ allele at AX-103951024 to the alternative allele, A-.

Haplotype Observed Frequency Expectation under Linkage Equilibrium

TG 0 0.03
CG* 0.09 0.06
TA* 0.38 0.35
CA 0.53 0.56

* In-phase haplotypes.
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Table S3. Linear model results where pairs of SNPs are fitted. The SNP AX-103117105 (T/C) is the lead SNP from the GWAS. The SNP AX-103951024 (G/A) was
used to tag the Agouti locus such that the ‘A’ allele at AX-103951024 corresponds to the dominant allele, A4, and the ‘G’ allele at AX-103951024 to the alternative
allele, A7. The SNP AX-104805525 was used to tag the Extension locus such that the ‘C” allele at AX-104805525 corresponds to the dominant allele, E¥, and the ‘T’
allele to the alternative allele, E¢. Linear model results presented as the effect (beta) per additional reference allele with corresponding standard error (se) and p-

value.
SNP1 Effect SNP2 Effect Interaction (SNP1*SNP2) Effect
SNP 1 (ref. allele*) SNP2 (ref. allele*) Beta (se) p-value Beta (se) p-value Beta (se) p-value
AX-103117105 (T) AX-103951024 (G) -29.8(3.8)  2.97x10" 5.4 (10.5) 0.61 5.6 (13.5) 0.68
AX-103117105 (T) AX-104805525 (T) -28.8(5.8) 229x100%  -241(8.0)  3.06 x 108 -2.91(7.1) 0.68
AX-104805525 (T) AX-103951024 (G) -284(7.6) 3.02x10"  -0.3(17.0) 0.99 24.0 (19.5) 0.22

* the ref. (reference allele) is the allele being counted to give the 0,1,2 format genotype used in the linear models.
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Supplementary Figures
25,640 K 5,660 K 25,680 K 5,700 K 5,720 K 5,740 K 5,760 K 5,780 K 5,800 K 5,820 K 5,840 K 5,860 K
(U) BLAST Results for: Nucleotide Sequence
(U) Cleaned Alignments - BLAST Results for: Nucleotide Sequence
(U) BLAST Results for: Nucleotide Sequence
Genes, NCBI Equus caballus Annotation Release 103, 2018-01-26
RALY 1 {_.-‘.“.] Loc111769995 +5] [~ — —JEiF2s2+4)
XM_014735113.2 ] H]'I'lXP_n14590599.2 LOC1 11760084 WU]I‘I H> LOC111770065
LOC111769990 I—@H—I LOC 111769993 [+5] } R —<—] LOC111767490 [+4] XM_023627010.1 H—>— XP_023482778.1

|—<—1 XR_002802868.1 LOC111769991

XR_002802870.1 —>—{ XR_002802869.1
Genes, Ensembl release 96

ENSECAG00000012357 [+18]} — : -

ENSECAG00000040547 ENSECAG00000030296
ENSECAP00000024541.1HH—H=<+——<— ENSECAT00000042200.1 ENSECAP00000027857.1 H4—H<+— ENSECAT00000059715.1

RNA-seq exon coverage, aggregate (filtered), NCBI Equus caballus Annotation Release 103 - log 2 scaled

68756 68756 68756 68756
ﬁwi-—n WM P

RNA-seq intron-spanning reads, aggregate (filtered), NCBI Equus caballus Annotation Release 103 - log 2 scaled

50706 50706 50706
- 512 512

RNA-seq intron features, aggregate (filtered), NCBI Equus caballus Annotation Release 103
19206

2. | | | HH W b = | 2y
| 20 | HoFad HIH W b [
(N 8122 | Hea] H H 2 18] HIH
Hi 16 | = H H ey H
| 267 | F4H W bk H
s Hl HAH
(R) TWL PAC BIO

P“J i meiq,mmm - ) L )
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Figure S2. Histogram of pairwise genetic relatedness estimates. Estimates of pairwise identity by
descent (IBD) derived using a GCTA (Genome-wide Complex Trait Analysis) approach [6] applied in
Plink.
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Figure 3. Evidence of population structure in results from a principal component analysis (PCA). Each
point on the plot represents an individual horse. Points coloured according to breed: grey circles =
Arabians (n = 61); orange triangles = Persian Horses (1 = 23); blue ‘+" = Quarter Horses (1 = 39); green
‘X" = Standardbreds (1 = 2); black diamond = Thoroughbreds (n = 1).
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Figure S4. Manhattan plot showing primary GWAS result. Linear model run in Plink with 10
principal components and genotype at AX-103951024 and AX-104805525 fitted as covariates.
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Figure S5. QQ plot showing primary GWAS result. Linear model run in Plink with 10 principal
components and genotype at AX-103951024 and AX-104805525 fitted as covariates. Lambda = 1.07.
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Figure S6 Results from a sensitivity analysis. GWAS conducted after having excluded one of each pair whose genetic relatedness was estimated to be >0.4 (N=114).
(A) Manhattan plot; (B) QQ plot (lambda = 1.05).
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Figure S7 Effect of AX-103117105 on shade of bay by breed group. AR = Arabians (n = 61); PH =
Persian Horses (1 =23); QH = Quarter Horses (1 =39). Upper and lower hinges of boxplots correspond
to the first and third quartiles, with the centre line indicating the median and whiskers extending
from the hinge to the largest (smallest) value no further than 1.5 x IQR from the hinge; outliers beyond
this limit are plotted as unfilled points.
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Figure S9. Haploview plot [7] of associated region using Persian Horse samples (N = 23). All SNPs within 200,000bp up and downstream of the lead SNP (AX-
103117105) included. D' values and confidence levels (logarithm of odds, LOD) are represented as red for D' =1, LOD>2; shades of pink for high D', LOD>2; white
for D'<1, LOD<2; blue for D' =1, LOD<2.
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Figure S11. The combined effect of AX-103117105 (T/C) and AX-103951024 (A/G) genotypes on shade
of bay. The first genotype is for AX-103117105 and the second is for AX-103951024. Upper and lower
hinges of boxplots correspond to the first and third quartiles, with the centre line indicating the
median and whiskers extending from the hinge to the largest (smallest) value no further than 1.5 x
IOQR from the hinge; outliers beyond this limit are plotted as unfilled points.
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Figure 12. The combined effect of AX-103117105 (T/C) and AX-104805525 (T/C) genotypes on shade
of bay. The first genotype is for AX-103117105 and the second is for AX-104805525. Upper and lower
hinges of boxplots correspond to the first and third quartiles, with the centre line indicating the
median and whiskers extending from the hinge to the largest (smallest) value no further than 1.5 x
IOQR from the hinge; outliers beyond this limit are plotted as unfilled points.
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Figure S13 The combined effect of AX-104805525 (T/C) and AX-103951024 (A/G) genotypes on
shade of bay. The first genotype is for AX-104805525 and the second is for AX-103951024. Upper and
lower hinges of boxplots correspond to the first and third quartiles, with the centre line indicating the
median and whiskers extending from the hinge to the largest (smallest) value no further than 1.5 x
IQR from the hinge; outliers beyond this limit are plotted as unfilled points.
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