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Topics covered today

• Genome assembly and pangenome integration

• Genome and transcriptome analyses to pinpoint male fertility-
associated loci



Reference-guided variant discovery revealed >140 million polymorphic 
sites in >4700 taurine and indicine cattle genomes1
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1 Run 8 of the 1000 Bull Genomes Project (http://www.1000bullgenomes.com/)
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The linear reference sequence has limitations.



• «soft reference bias»
- Reads that contain only alleles that match corresponding reference nucleotides 

are more likely to align correctly than reads that also contain non-reference alleles
• «hard reference bias»
- Reads originating from DNA fragments that are highly diverged from 

corresponding reference nucleotides will obtain low alignment scores, or align at 
incorrect locations, or remain un-mapped

- Reads originating from DNA fragments that are missing in the reference genome 
remain unmapped. Reference-guided variant discovery is blind to these sites

Reference-guided variant discovery is prone to «reference allele bias»

Paten et al. Genome Res 2017
Pritt et al. Genome Biol 2018
Sherman et al. Nat Genet 2019



Graph-based references mitigate reference allele biases

• ARS-UCD1.2 used as backbone
• Augmented with SNPs and Indels 

prioritized based on allele frequency 
using VG (Garrison et al., 2018)
- Breed-specific genome graphs

Variants were prioritized within four breeds
- Pangenome graphs

Variants were prioritized across all breeds

• Conclusion: A graph-based reference 
improves read mapping, variant 
genotyping, and allelic balance at 
tractable complexity, but this approach 
is largely blind to more complex 
variant.

Danang Crysnanto, ETH



A prototype of a bovine multi-assembly graph
(Bos taurus, Bos indicus, Bos grunniens)

Danang Crysnanto, ETH



A bovine multi-assembly graph built with minigraph
(Bos taurus, Bos indicus, Bos grunniens)

Danang Crysnanto, ETH



How to best integrate haplotype-resolved assemblies?



All reported findings are in our preprint
Alexander Leonard



Male fertility.



• Identified through a forward-genetic screen in one bull (born in 
2003, twelve ejaculates collected, all discarded)

• Assigned onto a 675 kb haplotype (181 BovineHD SNPs) that 
segregates at a frequency of 5%

• Found one live male animal (6 months old) in Germany
• Bull was housed at our research station for approx. 1 year
• Seven ejaculates collected, defect verified

A 1-bp deletion in QRICH2 is associated with sperm 
defects in Brown Swiss bulls

Maya Hiltpold



• eQTL cohort
- Testis tissue sampled from 76 mature bulls at a commercial slaughterhouse
- DNA sequencing to an average of 12.6-fold depth
- Deep total paired-end RNA sequencing (283.6 million reads per sample)
- Used for a genome-wide sQTL study

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

Xena Mapel

Naveen’s talk in the afternoon



Contributors
& 

funding

• Ben Rosen, Derek Bickhart, Tim Smith, USDA, USA, from the Bovine Pangenome Consortium



Thank you for listening!
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