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Presentation outline

• Reference genomes
• The limitations of a single reference genome?
• Beyond a single reference - Pangenomes
• Are pangenomes useful?
• Bovine Pangenome (BP) project
• Early lessons from the BP project
• Value of a pangenome to a producer



• Reference genomes
• Short reads

• Guide for genome assembly

• Coordinate system for analysis

Reference genomes



Reference genomes

Chromosome7:348,729..348,779 bp

Chromosome12:83,746..83,747 bp

• Reference genomes
• Short reads

• Guide for genome assembly

• Coordinate system for analysis



Reference genomes - limitations

• Reference bias

• Missed true 
variants in 
individuals due to 
absence of region 
on reference

• Erroneous 
variants due to 
reads aligning to 
wrong places

Short reads aligned to the reference for variant discovery



• Pan-genome
• Origin of pangenomes

• 8 strains exhibited variation
• 2,160,262 bp (2,175 genes)

• ~1400x – cattle genome

Beyond a single reference - Pangenomes



• Advancement in sequencing technologies 
provided an opportunity for de novo
assemblies

• HiFi reads – 15-20,000 bp @ 99.9% accuracy
• UL reads – 100,000 bp length
• Trio-binning – haplotype phasing
• Hi-C technology – haplotype phasing

• Variants calling is only as good as the 
query genome and the reference

Beyond a single reference - Pangenomes

Koren et al., 2018



• The genome as a set + other components
• The shell comprises intersections between multiple individuals
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• The genome as a set + other components
• The shell comprises intersections between multiple individuals
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Interrogate evolutionary relationships 
and pressures that breeds are 
subjected to



• The genome as a set + other components
• Cloud comprising only unique genome

Pangenomes
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Exploit the unique genomic features 
responsible for specific traits e.g.

Polledness: Chromosome1 on cattle
212 bp insertion  10 bp sequence



• Representing a pangenome
• Variation graph (VG)

Pangenomes

CNV

Representation

SVs on a VG

Adapted from Erik Garrison
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● Variation graph
○ Data structure that captures the variation

Pangenomes

Nodes are genome segments

Edges connect the segments

Adapted from Erik Garrison



Genome-1

Genome-2

Genome-3
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● Variation graph
○ Data structure that captures the variation

Pangenomes

Nodes are genome segments

Edges connect the segments



• Constructing pangenomes
• A highly accurate and complete genome assembly is required to reduce false 

positives and negatives – the role of T2T chromosome-level assemblies
• ASM errors will lead to false SVs discovery

• Reference-agnostic ASM QC metrics

• The pangenome becomes a new reference:
• Inferences based on this “neo-reference” can only be good as the reference

Pangenomes - requirements



Pangenomes make a difference

More than 69 million non-reference bases added to the pangenome



Pangenomes make a difference



Pangenomes make a difference

1,431 non-reference genes, 885 expressed



Pangenomes make a difference

Pangenome reveals structural variation on some coding genes 



• With a high-quality pangenome 
reference, more accurate variants 
detection can be made with low 
sequencing coverage.

• Shallow / low-pass WG sequencing
• Cheaper than deep WG sequencing

Pangenomes make a difference

https://www.cancer.gov/ccg/blog/2019/low-coverage-seq

16x coverage

1x coverage



• Pangenomes enable exploration of the influence of other SVs asides 
SNPs on livestock traits

• Better genome prediction

• Exploit the genetic diversity in other breeds that could be helpful to a 
specific breed

Pangenomes: Value to the producer



The Bovine Pangenome Consortium

A global collaborative effort

Represent global cattle variation



The Bovine Pangenome Consortium



The Bovine Pangenome Consortium
S/N Cattle Breed In progress Number of 

individuals

1 Angus y Multiple

2 Asmo y 1

3 Ayrshire y 1

4 Brahman y 1

5 Brown Swiss y 2

6 Charolais y 3

7 Gelbvieh y 1

8 Guzerat y 1

9 Holstein y Multiple

10 Luvattu y 1

11 Red Wagyu y 1

12 Retinta y 1

13 Rubia Gallega y 1

14 Shorthorn y 1

15 Welsh Black y 1

16 White Fulani y 1

17 Whitebred y 1

18 Yiling cattle y 1

Samples obtained for the listed breeds

More breeds are still expected – a 
bottleneck

A data freeze will be implemented soon to 
enable analysis across breeds



Early lessons

Ayrshire

Wagyu

Chromosome Y: length difference but similar chromosome structure

59.4 Mb

77.1 Mb



• Single reference genomes are insufficient to capture species diversity
• New sequencing and assembly technologies provide an opportunity 

to produce high quality de-novo genomes.
• A set of diverse genomes – Pangenome – required to alleviate the 

insufficiencies of a single reference genome.
• A pangenome provides a unique opportunity for better genome 

prediction from traits-linked structural variants.
• The Bovine Pangenome Consortium (BPC) currently making efforts to 

produce a global representation of the cattle breeds diversity.

Summary
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