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Background

Structural variants (SVs)

− genomic alterations > 50 bp
− highly variable in size and type

 insertions
 deletions

 duplications
 inversions
 translocations
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Tandem repeats (TRs)

− repetitive DNA regions
− classification by length of repeat unit

 1 - 6 bp = microsatellites/STRs
 > 6 bp = minisatellites/VNTRs

…TAGAC TCATCA TCA TCA GGCATCGAC…



Background

− substantial contribution to genomic variation between individuals
− associations with diseases and other phenotypes of interest
− BUT: most genomic studies in livestock restricted to SNPs and short INDELs

Aims:
− identification and characterisation of SVs and TRs in horses
− establishment of a multi-variant-type reference panel
− investigation of a potential impact of SVs and TRs on withers height
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Mapping & variant calling
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326 horses from 49 breeds

Whole-genome sequence data

Mapping
GATK v4.1.7.0
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Variant calling & filtering
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SVs Mapped reads

Variant calling

Manta v1.6.0Delly v1.1.6 Smoove v0.2.7

504,472 SVs 596,537 SVs 144,293 SVs

Merging

77,022 SVs

Filtering/QC

33,903 SVs

autosomal
call rate > 0.9
QUAL > 1000

Survivor v1.0.7

TRsMapped reads

Variant calling
GangSTR v2.5.0

94,904 TRs

Filtering/QC

68,717 TRs

call rate > 0.9
read depth > 20
quality score > 0.99

autosomal
repeat units ≤ 12 bp



Variant effect prediction
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SVs TRs
Splitting

34,378 biallelic SVs

68,717 TRs
417 biallelic 68,300 multiallelic

Splitting

967,033 biallelic TRs

SnpEff v5.2
Variant effect prediction

SnpEff v5.2
Variant effect prediction

33,903 SVs
33,625 biallelic 278 multiallelic

175,341 annotations 1,987,875 annotations

Effects by impact



Variant effect prediction
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SVs TRs34,378 biallelic SVs 967,033 biallelic TRs

SnpEff v5.2
Variant effect prediction

SnpEff v5.2
Variant effect prediction

INS = insertion
DEL = deletion
MIXED = combination
INV = inversion
DUP = duplication
BND = arbitrary

Variants by type



Genotype imputation
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26,835,076 
SNPs + INDELS 33,903 SVs 68,717 TRs

Merging

26,936,745 variants

Extraction of 174 horses

20,636,632 variants

Phasing
Beagle v5.4

Multi-variant type reference panel

2709 German Warmblood mares
SNP array data (GGP Equine BeadChip)

58,407 SNPs

autosomal
call rate > 0.9

Phasing
Beagle v5.4

Filtering/QC

20,636,632 imputed variants

Imputation

Beagle v5.4



GWAS for withers height
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20,636,632 imputed variants

23,432,248 biallelic variants

13,954,670 variants
13,697,521 SNPs/INDELs 257,149 SVs/TRs

Filtering (MAF > 0.01)

Splitting

Withers height
Ø 167.6 cm

(153 – 180 cm)

Ø 4.3 years old

GWAS

GCTA 1.93.2beta
MLMA-LOCO

fixed effect: age

SNPs/INDELs

SVs/TRs= reference trait



QTL on ECA1: 56-60 Mb
− top SNPs: ~56.6/56.9 Mb (p = 2*10-16)
− top INDEL: ~57.2 Mb (p = 1*10-16)
− top SV: –
− top TR: ~56.6 Mb (p = 1*10-17)

− 0 significant SVs, 13 significant TRs

GWAS for withers height
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SNPs/INDELs

SVs/TRs

− SVs: –
− TRs: only modifier and low impact

Variant effect prediction

intronic deletion
(modifying impact)
in CTNNA3



intergenic insertion 
(modifying impact)

QTL on ECA3: 96-119 Mb
− top SNPs: ~107.4 Mb (p = 4*10-154)
− top INDEL: ~107.4 Mb (p = 8*10-154)
− top SV: ~111.2 Mb (p = 5*10-23)
− top TR: ~107.3 Mb (p = 2*10-72)

− 9 significant SVs, 227 significant TRs

GWAS for withers height
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SNPs/INDELs

SVs/TRs

− SVs: 7 modifier, 1 low, 1 high impact
− TRs: only modifier and low impact

Variant effect prediction

intergenic fusion
(low impact)



QTL on ECA3: 96-119 Mb
− known QTL for withers height
− candidate causal SNPs:

GWAS for withers height
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SNPs/INDELs

SVs/TRs

 additional role of SVs/TRs?



Conclusions

 identification and characterisation of SVs and TRs in horses

 establishment of a multi-variant-type reference panel

− multi-variant-type GWAS using imputed sequence-level data

 identification of QTL for withers height

investigation of candidate causal SVs/TRs for withers height

application to other (conformation) traits
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