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Topics covered today

• Bovine Pangenomics - Genome assembly and pangenome integration

• Transcriptome-wide association testing - Genome and transcriptome 
analyses to pinpoint male fertility-associated loci

• Structural variant analyses



A linear reference sequence fails to represent diversity.



Aurochs is the most recent common ancestor of 1.5 billion taurine and 
indicine cattle

adapted from Kim et al. Nature Genetics 2020 

Bos taurus primigenius – extinct 

Hereford Guzerat

Bos taurus taurus

• Mainly raised under tropical 
conditions

• Resistant to diseases and 
parasites

• Well adapted to harsh 
environments 

• Mainly raised under 
temperate climate conditions

• Beef and milk production in 
both extensive and intensive 
farming schemes

Aurochs



Genetic diversity in >4700 taurine and indicine cattle genomes1

Brown Swiss

Fleckvieh

Angus

dairy

beef

Ankole

Guzerat

1 Run 8 of the 1000 Bull Genomes Project (http://www.1000bullgenomes.com/)
including ~300 cattle genomes from the ETH Animal Genomics group
120 million SNPs

Tharparkar

Ankole

Boran

indicinetaurine

http://www.1000bullgenomes.com/


Trio-binned haplotype assemblies built from ONT and HiFi sequencing



Embrace diversity!

Brown Swiss 
Bos taurus taurus

Nellore
Bos taurus indicus

PacBio HiFi: 6 SMRT cells, 140 Gb CCS (20 kb library): 46-fold

x

F1 (*25.02.2020)
12.2 M heterozygous SNP



Two near-perfect assemblies from one F1

Nelore @ETH
BSW @ETH

2022
gapless C2T - «centromere-to-telomere»

Leonard et al. Nature Communications 2022Alexander Leonard



Sequenced trios

x

Brown Swiss 
Bos taurus taurus
40-fold 2x150 bp

Nellore
Bos taurus indicus
40-fold 2x150 bp

F1
12.2 M heterozygous loci

HiFi: 6 SMRT cells, 140 Gb CCS (20 kb library): 46-fold

x

Piemontese
Bos taurus taurus
40-fold 2x150 bp

Gaur
Bos gaurus

40-fold 2x150 bp

F1
23.1 M heterozygous loci

HiFi: 127 Gb CCS (13 kb library): 42-fold

x

Original Braunvieh
Bos taurus taurus
40-fold 2x150 bp

Original Braunvieh
Bos taurus taurus
40-fold 2x150 bp

F1
4.2 M heterozygous loci

HiFi: 3 SMRT cells, 87 Gb CCS (20 kb library): 28-fold

Leonard et al. (2022) Nature Communications



HiFi and ONT trio-binned assemblies

Alexander Leonard



En route to a bovine super-pangenome*. 

*full set of genomic elements from all species within a genus



There’s huge diversity within the genus Bos

Species within the genus Bos



There’s huge diversity within the genus Bos

Species within the genus Bos

adapted from Wu et al., Nat Ecol Evol 2018

5 
M

ya



Construction of bovine super-pangenomes from haplotype assemblies

Twelve haplotype assemblies

European taurine
Angus, Simmental, Hereford
Piemontese, Brown Swiss

Original Braunvieh, Scotish Highland

Asian
indicine

Nellore
Brahman

(Un-)domesticated
relatives
Bos gaurus
Bos bison

Bos grunniens



Three bovine super-pangenomes from twelve haplotype assemblies

structural variant pangenomes
backbone assembly
includes variants >50bp 

minigraph pggb cactus

reference-free methods
can project onto reference coordinates
include all types of variants



Consensus of structural variation from bovine super-pangenomes

221k non-redundant SVs



Amount of structural variation detected from bovine super-pangenomes

European taurine Asian indicine Wild relatives



Large insertion/deletion variants segregate across (sub-)species

BTA5: 98.5 Mb

BTA5: 98.6 MbLeonard et al. Nature Communications 2022

Haplotype assemblies 
from twelve individuals



Large insertion/deletion variants segregate across (sub-)species

Bos taurus taurus / Bos taurus indicus
Leonard et al. Nature Communications 2022

Haplotype assemblies 
from twelve individuals



Large insertion/deletion variants segregate across (sub-)species

Bos taurus taurus / Bos taurus indicus
Leonard et al. Nature Communications 2022

TAS2R46

Haplotype assemblies 
from twelve individuals



Pangenome-wide association testing.



A dominant white head is characteristic for Fleckvieh and Hereford cattle

Eringer x Simmental

Grauvieh x Simmental

Gir x Simmental



Future plans





Pangenomes make tandem repeat elements (e.g., VNTRs) amenable 
to association testing
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haplotype assembly #1

haplotype assembly #2

haplotype assembly #3

haplotype assembly #4

Variable Number Tandem Repeats

Copies of the repeat motif
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This is a repetitive motif.        1
This is a repetitive rapetitove motif.       2
This is a repetitive repetitive repetitive motif.                    3
This is a repatotive rapetitove repetitive motif.                    3
This is a repatotive repetitive motif.       2
This is a repetitive rapetitove repetitive rapetitove motif.         4

Repeat counts



Repeat copies in wild relativesR
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GGGTGGACGAGT
GGGTGAATGGAT
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GGATGGGTGGAT
GGGTGAATGGAT

consensus motif

Leonard et al. Genome Biology

Pangenomes make tandem repeat elements (e.g., VNTRs) amenable 
to association testing



The VNTR mediates expression of neighboring genes and non-coding RNAs

Repeat copies Repeat copies

St
an

da
rd

is
ed

ex
pr

es
si

on
(T

PM
)

St
an

da
rd

is
ed

ex
pr

es
si

on
(T

PM
)

LOC112449094
P=5.18e-20

TUBGCP3
P=3.81e-11

Leonard et al. Genome Biology

VNTR



Pangenome variation improves QTL 
mapping

Leonard et al. Genome Research, revision submitted



Transcriptome-wide association testing



• eQTL cohort
- Tissue sampled from 128 mature bulls 
- DNA sequencing to 12.6-fold depth
- Deep RNAseq for male reproductive tissues

(testis, epididymis, vas deferens)
- Used for e/sQTL mapping
- Reference cohort for TWAS – transcriptome-

wide association testing

An eQTL cohort to map molecular phenotypes that are 
associated with male reproductive performance

Xena Mapel

Mapel et al. Nature Communications, in press

Naveen Kadri



Transcriptome-wide association testing for male fertility

Mapel et al. Nature Communications, in press

Xena Mapel

Naveen Kadri
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Thank you for listening!

ETH Zürich
Hubert Pausch
Animal Genomics
Universitätstrasse 2 | LFW B 58.2
8092 Zürich

hubert.pausch@usys.ethz.ch
www.ag.ethz.ch


