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HAGSC Genome Analysis
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We build complex reference genome assemblies

4
Cursi et al. (2021)

Healey et al. (2024) Nature



Custom evolutionary analysis to optimize complex 
breeding outcomes
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Outline

• Genomics: why it's important and what progress has been made

• Cotton genomes: what has been done, and what is left to do

• Conceptual issues with pan-genomes: why we need integrated 
resources

• Current state of the cotton pan-genome: genes, variants and 
tools

• Using the pan-genome: tracking QTL and Pima introgressions

• Plans for the pan-genome: what do we need to do to aid 
breeders and biotechnology (open for questions/comments)
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What is a genome?
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State of the art in genomics
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Comparing genomes



Comparing genomes



The concept of a pan-genome graph
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Structure of the tetraploid cotton genomes
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Evolutionary history of cotton
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Structure of the tetraploid cotton genomes
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Cotton genomes: evolution and quality
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Liu et al. (2023)



The emerging cotton “pan-genome”
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Cotton genomes: evolution and quality
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Cotton genomes: evolution and quality
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Cotton genomes: evolution and quality
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Cotton genomes: evolution and quality
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Why we need integrated pan-genome resources

• The idea of “open” vs. “closed” pangenomes comes from work in 
bacteria
• Each lineage has relatively few genes

• Huge influence of new genes from HGT 
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Why we need integrated pan-genome resources

• The idea of “open” vs. “closed” pangenomes comes from work in 
bacteria

• In plants, genes come and go less frequently 
• But more frequently in polyploids
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Why we need integrated pan-genome resources
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Why we need integrated pan-genome resources

• The idea of “open” vs. “closed” pangenomes comes from work in 
bacteria

• In plants, genes come and go less frequently 
• But more frequently in polyploids

• So, species with whole-genome duplications (like cotton) might have more PAV 
than diploid genomes

• But … there might be other causes
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Why we need integrated pan-genome resources

• Causes of gene presence-absence 
variation (PAV) can be methodological
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All genomes annotated with an identical pipeline + 

RNA-seq from the same tissues



Why we need integrated pan-genome resources

• Causes of gene presence-absence 
variation (PAV) can be methodological
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Why we need integrated pan-genome resources

• Causes of gene presence-absence 
variation (PAV) can be methodological
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*liftoff

Maker2 +

various RNA-seq

All genomes annotated with an identical pipeline + 

RNA-seq from the same tissues

All genomes annotated with a similar

pipeline + RNA-seq and ISO-seq from
similar tissues



Why we need integrated pan-genome resources

• Causes of gene presence-absence 
variation (PAV) can be methodological
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*liftoff

15,142 total PAV genes in 

9 ‘phytozome’ genomes

12,219 new genes
28,389 new genes 

within the 5 ”other” 
genome set



Why we need integrated pan-genome resources

• Causes of gene presence-absence 
variation (PAV) can be methodological

33

*liftoff15,671 new genes
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Why we need integrated pan-genome resources
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Why we need integrated pan-genome resources

• In plants, genes come and go less frequently 

• Causes of gene presence-absence variation (PAV) can be 
methodological 
• “open” pan-genomes might be driven by what we call a gene
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From multiple genomes to a “graph” pangenome
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Considerations when constructing a pan-genome

• A pangenome graph is a static resource: all reads need to be re-
mapped and analyses done from scratch if you want to add a new 
genome
• Our group can do this … but, first the cotton community needs to come to a 

consensus about what genomes to include

• For now, we will focus on methods and questions that can use multiple 
reference genomes without a graph 
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What can we learn from a ‘pangenome’?

• Our goal is to make the pan-genome useful

• What deliverables can we extract from the pangenome that are directly 
usable by breeders?
• Large structural variants
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What can we learn from a ‘pangenome’?

39



What can we learn from a ‘pangenome’?

• Our goal is to make the pan-genome useful

• What deliverables can we extract from the pangenome that are directly 
usable by breeders?
• Large structural variants 

• Something that is easily queryable … not just a graph database
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What can we learn from a ‘pangenome’?
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https://tinyurl.com/uplandcottonspangenome

https://tinyurl.com/uplandcottonspangenome


What can we learn from a ‘pangenome’?

• Our goal is to make the pan-genome useful

• What deliverables can we extract from the pangenome that are directly 
usable by breeders?
• Large structural variants 

• Access to “pangene-sets” … the group of genes across genomes that should 
recombine (be in synteny) and share a common ancestor (orthologs)
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Multi-reference gene alignments and PAV
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What can we learn from a ‘pangenome’?

• Our goal is to make the pan-genome useful

• What deliverables can we extract from the pangenome that are directly 
usable by breeders?
• Large structural variants 

• Access to “pan-gene sets” … the group of genes across genomes that should 
recombine (be in synteny) and share a common ancestor (orthologs)

• Compare gene expression among pan-gene sets
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Multi-reference gene expression
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What can we learn from a ‘pangenome’?

• Our goal is to make the pan-genome useful

• What deliverables can we extract from the pangenome that are directly 
usable by breeders?
• Large structural variants 

• Access to “pan-gene sets” … the group of genes across genomes that should 
recombine (be in synteny) and share a common ancestor (orthologs)

• Compare gene expression among pan-gene sets

• Find putative functional DNA sequence variants among genomes
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Multi-reference functional variants
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Comparison of number of genes affected by LSVs relative to TM-1, 

cotton genetic standard.



What can we learn from a ‘pangenome’?

• Our goal is to make the pan-genome useful

• What deliverables can we extract from the pangenome that are directly 
usable by breeders?
• Large structural variants 

• Access to “pan-gene sets” … the group of genes across genomes that should 
recombine (be in synteny) and share a common ancestor (orthologs)

• Compare gene expression among pan-gene sets

• Find putative functional DNA sequence variants among genomes

• Explore QTL and other genomic regions of interest (ROI)
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Tracking QTL across multiple genomes
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What can we learn from a ‘pangenome’?

• Our goal is to make the pan-genome useful

• What deliverables can we extract from the pangenome that are directly 
usable by breeders?
• Large structural variants 

• Access to “pan-gene sets” … the group of genes across genomes that should 
recombine (be in synteny) and share a common ancestor (orthologs)

• Compare gene expression among pan-gene sets

• Find putative functional DNA sequence variants among genomes

• Explore QTL and other genomic regions of interest (ROI)

• Test for sequences that are unique to one or more genomes
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K-mer genotyping for fast tracking plant breeding



What can we learn from a ‘pangenome’?

• Our goal is to make the pan-genome useful

• What deliverables can we extract from the pangenome that are directly 
usable by breeders?
• Large structural variants 

• Access to “pan-gene sets” … the group of genes across genomes that should 
recombine (be in synteny) and share a common ancestor (orthologs)

• Compare gene expression among pan-gene sets

• Find putative functional DNA sequence variants among genomes

• Explore QTL and other genomic regions of interest (ROI)

• Test for sequences that are unique to one or more genomes

• Test for regions of co-ancestry among genomes: example Pima cotton 
introgressions 52
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Tracking Pima introgressions in upland cotton
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UGA230

Tracking Pima introgressions in upland cotton



Next steps

What deliverables can we extract from the pangenome that are directly 
usable by breeders?

• Access to “pan-gene sets” 

• Compare gene expression

• Define functional DNA sequence variants

• Explore genomic regions of interest (ROI)

• Find sequences that are unique to one or more genomes

• Find Pima (and any other) introgressions

• What else? 
• Potential to integrate public and private resources? (private data delivery, 

anonymous naming, etc.)

• … 55
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