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Supplemental Fig. S1: Variant data from SRA and Dog10K were filtered and combined to create a single dataset used throughout the analysis. Only SNVs and small indels in coding sequence and splice-sites were analyzed.
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Supplemental Fig. S2: Genome-wide breed population statistics. Pi indicates nucleotide diversity. FROH is the mean fraction of the genome in runs of homozygosity per breed. FST is a measure of the mean pairwise FST between all breeds and the target breed. N represents the population size of each breed used in the study. Low singleton is the fraction of individuals per breed with <40 coding singletons. Breeds are organized into higher-order clades based on Dog10K information. 
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Supplemental Fig. S3: Multiallelic variants occupying the same sites.
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Supplemental Fig. S4: Characterizing genetic ancestry representation in dogs. A) Singletons per dog. Dogs with less than 40 singletons were classified as having highly represented ancestry. B) Dogs with highly represented ancestry have more breed members in the dataset and higher rates of FROH than dogs with low ancestry represented ancestry. C) A minority of singletons are found in dogs with highly represented ancestry.
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Supplemental Fig. S5: Enrichment of OMIA variants after variant/gene constraint filtering. Vertical bars show the fraction of OMIA and all other variants that remain after implementing each filtering threshold. Significance was determined using a Fisher test. “*” indicates P-value < 0.05, “**” indicates P-value < 0.01, and “***” indicates P-value < 0.001.
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Supplemental Fig. S6: Breed specificity of OMIA variants within the analysis cohort
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Supplemental Fig. S7: List of candidate LoF/missense variants for trait associations. Variants are ordered along the y-axis according to number of breeds they are found in and the proportion of individuals in those breeds carrying the variant. Breeds carrying the variant are ordered along the x-axis according to the proportion of the alt alleles they are carrying. Gene names printed in black text contain OMIA variants. Gene names in red are non-OMIA variants that were identified after manual curation of the variant list. Variant type and constraint cutoff are displayed for each panel. 
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Suplemental Fig. S8: Breed ancestry of mixed breed bifid nose dogs. Boxplots indicate the total amount of identity-by-descent between the target dog and breed representatives. Breeds with significant sharing are labeled. Breed reference data is from array genotypes that were used to build the phylogentic tree (Supplemental Data S1). The red mark below each X-axis indicates Çatalburun samples. 
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Supplemental Fig. S9: Recruited dogs with bifid nose phenotype.
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Supplemental Fig. S10: Manhattan plots at the LCORL locus showing association with breed standard weight for three different variants in separate linkage groups.
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Supplemental Fig. S11: Boxplots showing associations between all LCORL size associated genotypes and breed standard height and weight.
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Supplemental Fig S12: Steps for building mutation model.
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Supplemental Fig S13: Trinucleotide mutation rates in dogs. For each substitution, trinucleotide contexts rotate between the characters A, C, T, and G at the first and third position. The character for the first position changes on every fourth iteration, while the character for the third position changes on every single iteration. 
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Supplemental Fig. S14: mean coverage of sites and proportion of sites with coverage > 10x for all samples. A) Results for SRA dataset. B) Results for Dog10K dataset. Red dotted lines in A and B indicate minimum threshold values for samples to pass filtering criteria.
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Supplemental Fig. S15: Distributions of allele balance for heterozygous genotypes. A-B) Allele balance (AB) for all heterozygous genotypes in the A) SRA dataset and the B) Dog10K dataset. Vertical dotted lines indicate different allele balance cutoff values for declaring failed het genotypes. C-D) The cumulative distribution of per sample genotype failure rates at each allele balance cutoff for the C) SRA dataset and the D) Dog10K dataset. The red solid line indicates a per sample heterozygous failure rate of 5%. For example, in D, all samples have > 5% heterozygous failure rate at an AB cutoff of 30%.
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Supplemental Fig. S16: Samples removed for failing filtering criteria at rates > 5%. Filtering criteria are described in Supplemental Table S23. A-B) Samples are sorted along the X-axis according to mean coverage level across all sites. Shading is used to indicate samples in the A) SRA dataset or the B) Dog10K dataset that were removed for failing a specific criterion. C-D) Upset plots indicating the number of samples removed for failing different combinations of filtering criteria. Data is provided for both the C) SRA dataset and the D) Dog10K dataset. 
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Supplemental Fig. S17: Relatedness of remaining samples after quality filtering and merging. The estimated kinship coefficient reflects the degree of relatedness between two samples. The proportion of IBS0 indicates the fraction of tested sites where no identity by state was observed between a pair of samples. Each datapoint indicates a pairwise relationship between two samples. Purple datapoints were removed after filtering out duplicated samples. Red datapoints were removed after iteratively filtering out the samples with the most first-degree relatives. The black datapoints remain after all filtering and have kinship coefficient values below the first-degree relative cutoff.
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Supplemental Fig. S18: Graphical output from VariantRecalibrator (GATK v4.5.0.0) for the SRA and Dog10K datasets and both autosomes and Chromosome X. At each truth sensitivity threshold, the Ti/Tv ratio, the total number of variants within each tranche, and the proportion of true positive (TP) and false positive (FP) variants are displayed. 
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Supplemental Fig. S19: The number of shared and unique VQSR PASS/FAIL SNV sites from each dataset after sample filtering. The green shading indicates that for whole genome analyses, only VQSR PASS sites in both datasets were used for further analysis. For coding sequence (CDS) analyses, only sites that are VQSR PASS in either dataset were used for further analysis. Whole genome SNV analyses used a total of 22,279,841 sites, CDS-only SNV analyses used a total of 821,202 sites, and CDS-only indel analyses used a total of 70,118 sites.
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Supplemental Fig. S20: Allele counts of CDS variants assigned as SNV or indel in the Dog10K and SRA cohorts. A) Allele counts for variants that were initially identified as SNVs in each cohort. B) Allele counts for variants that were initially identified as indels in each cohort. C) Allele counts of initially identified SNVs and SNVs recovered from the indel set. D) Allele counts of indels after removing SNVs. 
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Supplemental Fig. S21: CDS SNVs per dog before and after genotype filtering. KS dist represents the Kolmogorov–Smirnov distance of the cumulative densities of each distribution. In each case, genotype filtering leads to both datasets reporting similar numbers of CDS SNVs per dog. Males and females were analyzed separately for the non-PAR region of ChrX due to differences in ploidy. 
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Supplemental Fig. S22: CDS indels per dog before and after genotype filtering. KS dist represents the Kolmogorov–Smirnov distance of the cumulative densities of each distribution. In each case, genotype filtering leads to both datasets reporting similar numbers of CDS indels per dog. Males and females were analyzed separately for the non-PAR region of ChrX due to differences in ploidy. 








1

image4.jpeg
Samples

80

60

40

20

Genetic ancestry
representation

B High
| Low

40 60 80

Singletons

1.0

0.8

0.6

Fron

0.4

0.2

0.0

(weme
e

Members in breed

Cumulative sinigeton fraction

0.8

0.6

0.4

0.2

0.0

T
500

T T T
1000 1500 2000

Samples





image5.jpeg
Variants (%)

100 —
80
60
40

20

100
80
60

40
20

*hk

10

Hkk

10

Constrained CDS

Hkk
| N
20 30 40

*kk

20 30 40

*kk

OMIA LoF
u N=31

All LoF
N=12050

| *

50 60 70 80 90

100

80
0
0

N oA @

0

0 -

. OMIA Missense
100

N=50

All Missense
N=114372

.
Ill i
[ ) |

50 60 70 80 90

Human ortholog LOEUF

10 20 30 40 50 60 70 80 90

10 20 30 40 50 60 70 80 90

100
80
60
40
20

100
80
60
40
20

Variant phyloP score

*
dekk
*oke
Hkk
dk kokk
I I I I 1

10 20 30 40 50 60 70 80 90

.
N
—_—
o
o
e
I -

10 20 30 40 50 60 70 80 90




image6.emf

image7.jpeg
Constrained CDS Human ortholog LOEUF Variant phyloP score

LoF variants (299) LoF variants (191) LoF variants (584)
70t percentile cutoff (0.708) 80t percentile cutoff (0.55) 60t percentile cutoff (6.34)

SGK PDGERA S
0 0.2 0.5 1
AC; Carrier freq. in breeds
with alt allele
CN(
PNP 0 02 05 1
CSF1 Alt allele distribution
LMB (breed AC / total AC)
LMBR AB
ANK]
ITG,
KRIZ LC ADAMT
2 4 6 8 2 4 6 8 2 4 6 8
Breeds Breeds Breeds

Missense variants (1,637)

Missense variants (3,988)
90t percentile cutoff (0.782)

90 percentile cutoff (0.378)

SC%

2 4 6 8 2 4 6 8 2 4 6 8

Missense variants (10,351)
60t percentile cutoff (5.95)

Breeds Breeds Breeds




image8.emf

image9.jpeg
40326 40671 39785

Affected Nova Scotia Duck Tolling Retriever littermates




image10.jpeg
—log;o(P-value) —log;o(P-value)

—logyo(P-value)

Breed Standard Weight

c.525-14A>T

91500000 91700000 91900000 92100000
‘ L ]
P r «C.1978_1981delACAG
20
15
10
T T T T T T T
91500000 91700000 91900000 92100000
. 3768_3760insA
25 ° €.3768_3769ins
20
15
10

T T T T T T T
91500000 91700000 91900000 92100000

Chromosome 3




image11.jpeg
Breed standard weight (kg)

Breed standard weight (kg)

80

60

40

20

80

60

40

20

All genotypes

"[[l'

4P
F

Breed standard height (cm)

80

70

60

50

40

30

20

All genotypes
-
o4 - -
L 1 C
) r
-5 H
)
P e 1
i 0
' : 5 '
) e oae -
0
1
M 1
' i
v
'
s 1

T
'

-~
T T

T T T T T
00,00 01,00 11,00 00,01 01,01 11,01 00,11 01,11 11,11

LCORLgenotype (c.525-14A>T,c.3768_3769insA)

All genotypes

T T T T T T
00,00 01,00 11,00 00,01 01,01 11,01 00,11 01,11 11,11

LCORLgenotype (c.525-14A>T,c.3768_3769insA)

All genotypes

wals

Breed standard height (cm)

80

70

60

50

40

30

20

-
|

: B

-
'
!
'
'

e

= |._...

T T T T T T T T
00,00 01,00 11,00 00,01 01,01 11,01 00,11 01,11 11,11

LCORLgenotype (c.1978_1981delACAG,c.3768_3769insA)

T T T T T T T T T
00,00 01,00 11,00 00,01 01,01 11,01 00,11 01,11 11,11

LCORLgenotype (c.1978_1981deIACAG,c.3768_3769insA)





image12.jpeg
1. Calculate trinucleotide substitution 3. Sum CDS mutation probabilities to

probabilities from non-coding calculate mutation type
genome probabilities per gene
ACA .
/)B;” pl + p2 = pMis
ana P2, nca
= pLoF

~p3_ 2

ATA

2. Use substitution probabilities to calculate
CDS mutation probabilities

A CA
pl Gln

A AA P A GA
Lys Glu

3
A TR





image13.jpeg
|

|

|

@

o

x

[

Q

o

n

i)

©

-

)

>

<
T T T T
© < ] o

(s-01x) Syes uoneINy

C>T

C>A

A>T




image14.jpeg
Dog10K

00'}

T
$6°0

T
060

T T T
S80 080 S0

9be1an00 X0 <

T
00

ot

80

90

9be1an00 X0 <

30

25

20

15

50

40

30

20

10

mean coverage

mean coverage




image15.emf

image16.emf

image17.jpg
Estimated kinship coefficient

05

04

03

02

01

00

Pairwise sample relatedness

v * Duplicate sample removal
* First-degree relative removal
© Remaining sample relationship

Duplcate
sample

First-degree
Jat

‘Second-degree
relative

Third—degree
relative

000 001 002 003 004 005 006 007
Proportion of IBSO




image18.jpeg
SRA (Autosomes + ChrX PAR)

25 43 [—

2202 99[ ]

2287901 7""]

2281 992

2275 9931777777777

2268 99.4[777777777777777}

2249995~~~ ]
72

2.203 99.6 7777

2016 99.7 .
lative TP: -

wesons| B Comiale T8 V777777 7

1783 99.9 ¢ 2 2 777773

1777 100 = Tranch—§pecmc FPs 0 77

h 2] Cumlyjlatlve FP§ : =

T T T 1
0 10000 20000 30000 40000 50000 60000

Number of Novel Variants (1000s)

SRA (ChrX non-PAR)

2005 97

1998 981N

1917 99 Il
1.874 991 [T
86999271}

Number of Novel Variants (1000s)

1
1.837 99.3 [ T
1.809 99.4
1.675 99.6 (7772727777777 ]
1.555 99.6 .
1512 9 Cumulative TPs 77/
:gg gs.e B Tranch-specific TPs — _/ 2 —
1470 100| 2 Tranch—gpeclfli FPs = = -/I 7]
Mﬂnu]%ﬁy_&EP - T .
[ 500 1000 1500 2000 2500

Dog10K (Autosomes + ChrX PAR)
25 3

2300 99[777777777}
2301 99,1 7777777777777777777)
2289 9921777777777
2277 99317777777777777)
2263 9947777777777}
2246 9957777777777
2225996 7 72727
21997 i
eoses| @ s T8 V7777777777777 g
z.oog g‘%z @ Tranch-specific FPs o //1;
@_Cumulative FPs = = — 5
0 10000 20000 30000 40000 50000
Number of Novel Variants (1000s)
Dog10K (ChrX non-PAR)
34 b
2071 95 __1ml

2071 961
2067 97|
2052 987

1942 99 ] ]

1908991 [ 777] ]

1.899 99.2 P77/ M)

1.873 99.3 7777777777777 ]

1.748 99.4 zzzzzz222222722227) )

1742 995 Z 722K Z)
777772277 M 777777722
Z]

1731 996 ‘
1724 997| B Cumulative TPs 7777777
Z Z 7777 2

L

1.687 99.8| @ Tranch-specific TPs [
27 zZ777270000 R

1.664 999 ifi 7
1685 100 B Tranch-specific FPs

o

500 1000 1500
Number of Novel Variants (1000s)




image19.jpeg
Whole genome SNV CDS only SNV

SRAPASS Dog10K PASS

SRAPASS
ﬂ 14,827,707 ﬂ
SRA FAIL Dog10K FAIL
' 22,279,841 o SHARAE
4,131,850 | 4,243,860 86,719

Dog10K PASS

Dog10K PASS

2,138,689
CDS only indel

SRAPASS

Dog10K FAIL

SRAFAIL

Dog10K FAIL




image20.jpeg
A Joint allele count distribution - SNV only

NIHDGP AC

R2=0.981
N =839184

160 26000
GT count
0 500 1000 1500 2000 2500 3000
Dog10K AC
c Joint allele count distribution - SNV + Indel SNVs

NIHDGP AC

1000 -

200 160 26000

GT count

0 500 1000 1500 2000 2500 3000

Dog10K AC

NIHDGP AC

Joint allele count distribution - Indel

1000

800

@
8

i
8

200

D

NIHDGP AC

R2=0.898 =

1000

1500 2000

Dog10K AC

540 36000

GT count

2500

3000

Joint allele count distribution - Indel, no SNVs

1000 —

800

-3
8

»
8

R2=0.979 =
N =86109

1000

1500 2000

Dog10K AC

8

2500

GT count

520 33000

3000





image21.jpeg
Density

Density

0.00010  0.00020

0.00000

0.00000 0.00010  0.00020

Autosomes + ChrX PAR
All SNVs

KS Dist=0.172

= Dog10K
NIHDGP

y &
20000 30000 40000 50000 60000

Variant sites

Filtered SNVs

KS Dist = 0.109

= Dog10K
NIHDGP

T T |
20000 30000 40000 50000 60000

Variant sites

Density

Density

0.000 0.004 0.008 0.012

0.000 0.005 0.010

Male ChrX non-PAR
All SNVs

KS Dist = 0.441

™ Dog10K
NIHDGP

o

0

200 400 600 800 1000

Variant sites

Filtered SNVs

KS Dist =0.119

= Dog10K
NIHDGP

L.

=T—T T |

0

200 400 600 800 1000

Variant sites

Density

Density

0.004 0.008

0.000

0.004 0.008

0.000

0

All SNVs
KS Dist =0.148
= Dog10K
NIHDGP
s bk Ayl
rr T 1T 1 1
200 400 600 800 1000
Variant sites
Filtered SNVs

Female ChrX non-PAR

KS Dist = 0.0796

= Dog10K
NIHDGP

. ..

lﬁ_ﬁ_ﬁ

0

200 400 600 800

Variant sites

1000




image22.jpeg
Density

Density

0.0010  0.0020

0.0000

0.0010  0.0020

0.0000

Autosomes + ChrX PAR
All indels
KS Dist = 0.359
= Dog10K
NIHDGP

1000 2000 3000 4000 5000 6000

Variant sites

Filtered indels

KS Dist=0.13

= Dog10K

NIHDGP

1000 2000 3000 4000 5000 6000

Variant sites

Density

Density

0.00 0.02 0.04 0.06

0.04 0.08

0.00

Male ChrX non-PAR

All indels

KS Dist = 0.243

= Dog10K
NIHDGP

L

T T T T 1
20 40 60 80 100

Variant sites

Filtered indels

KS Dist =0.137

= Dog10K
NIHDGP

T T T T 1
20 40 60 80 100

Variant sites

Density

Density

0.02 0.04

0.00

0.00 0.02 0.04 0.06

Female ChrX non-PAR

All indels

KS Dist = 0.372

= Dog10K
NIHDGP

T T T T
20 40 60 80

Variant sites

Filtered indels

KS Dist = 0.127

= Dog10K
NIHDGP

20 40 60 80

Variant sites




image1.jpg
SRA dataset Dog10K dataset
Samples: 1,311 Samples: 1,973
CDS variants: 1,019,807 CDS variants: 1,100,478

Sample, duplicate, relatedness, and variant filtering

Samples: 572 Samples: 1,719
CDS variants: 299,501 CDS variants: 733,901

Samples: 2,291
CDS variants: 821,202




image2.emf

image3.jpeg




