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We build complex reference genome assemblies
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Gene synteny among Poaceae grass genomes

The R570 monoploid genome (Bottom row-
382 Mb) was published in 2018 of gene-rich
regions from BAC clones.

The R570 polyploid genome (top row -
5.04 Gb) combines a genetic map,
single sequenced chromosomes,

optical map, HiC and long-read PacBio

HiFi reads.
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. Genomics: why it's important and what progress has been made
. Cotton genomes: what has been done, and what is left to do

. Conceptual iIssues 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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State of the art in genomics
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Comparing genomes
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event occurred and the
ancestral species split
into two species.

AN EVOLUTIOMARY TREE
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Common ancestor
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‘. Common ancestor of
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’ Common ancestor of mice, rats,
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Structure of the tetraploid cotton genomes

AN EVOLUTIONARY TREE
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event occurred and the
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Cotton genomes: evolution and quality

0_

50

100 —

Location (cM)

150 —

200 —

I [ I [ I I I I I I I I I I I I I I I I I I I I I I

A01 A02 A03 A04 AO05 A06 A07 A08 A09 A10 A11 A12 A13 DO1 D02 D03 D04 D05 D06 D07 D08 D09 D10 D11 D12 D13

Chromosome

17



_ . ; HUDSONALPHA
The emerging cotton “pan-genome GENOME SEQUENCING

CENTER

. A Subenme

CSX8308
UGA230

DeltaPearl
FM958
Coker
U1HAP1
U1HAP2

I D Subgenome
CSX8308

UGA230
UA48
DeltaPearl
FM958
Coker
U1HAP1
U1HAP2

Chromosomes scaled by physical position



, _ HUDSONALPHA
Cotton genomes: evolution and quality

GENOME SEQUENCING
CENTER

& Genome contiguity improvements from v2 to v3
v2 | contig N50 = 0.79 Mb, contigs per chr =220.1
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DEEPSPACE synteny map
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Cotton genomes: evolution and quality
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Why we need integrated pan-genome resources

Number of genes
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. The idea of “open” vs. “closed” pangenomes comes from work in
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. 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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CENTER

. 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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.- 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

Distance Tree based on PAV Similarity

Coker FM958
M1 DeltaPearl B713

1. phytozome 2. USDA 3. other CSX8308
UGA230

Phytozome Genomes (RNA-seq + ab initio + homology)
_/ identical annotation method and input data for all genomes

142910

— UA48 4&----"" Sreedasyam et al. (2020, 2024), Unpublished

2 PSC355
[

b=t Bar32
I

o UTHAP1 ‘USDA’ Genomes (Some RNA-seq + homology)

g U1HAP2 annotated mostly with Maker2, but no explicit effort for consistency
& Cohen et al. (2023), Perkin et. al (2021)

©

B 103017

[ Various Genomes (RNA-seq + Iso-seq + ab initio + homology)

£ | o I 009090909090 0 0\ 4 similar annotation methods and input data, but no explict effort for consistency
[] Yang et al. (2019), Ma et al. (2021), Peng et al. (2022),

S Wang et al. (2023), Cheng et al. (2024)

)]

c 74200

] ZM24

Q

c

n 59058 HPF17

o NDM8 TX1000

c YM11

o

©°

7]

2

[

[}

c

3]

=)

c

UTHAP1  FM958  U1HAP2 DeltaPearl  UA48 Coker ~ UGA230 CSX8308 T™1 B713 Bar32  PSC355 ZM24 HPF17 YM11 NDM8  TX1000
genome, grouped by annotation method



HUDSONALPHA

GENOME SEQUENCING

W
=
@)
-
O
0
-
C
Q

graph”

(o

From multiple genomes to a

Contig positions: each cycle through colors is 5 contigs (4 gaps)

B | ——— 101
- 76

L LI ]

TX1000

PSC355

100

—— 20
27
- 30
b |
—)
W —— 28
-

NDM8

—
E—

—

E

L B e
OO0 DO N
CO0C00COO™ =

LLLLLLLLLLLLL

HPF17_V1.0
— -7

_______.._“n_

I}
-o

L B B o

00 DO NN NSO OMNONO NN
CO— 00000000«
AAAAAADDDDDDDDDDDDD

, ___ __

L I B e B
— OISO OO DO —NM
OOOO0OOOOO—

(ala/aaala/aalaanlaa)

_._ __:m
:EE

FM958_845_v1.0

DeltaPearl_844_v1.0

CSX8308_843 v1.0

Coker_842_v1.0

S T -
L B e
O SOON D O NM(
0000000~ O
LI

!

(O

zm.m
=i

—

1 %14

70_0&_0.1231
S88T8E5832 TN
EEESFVFE,

_ |

Bar32

B713

100

50

il

ASNNNN ARN o

LLLLLLLLLLLL

(alalala/ala/a/a/a/alalala)

ZM24

YM11

{

L B o

LLLLLLLLLLLLLAL

. W 79

2
2
|
1
-
=
=
'}
&
&

mE R
I R 74

 EEEEn
EEE S I EEEEEEE B W79
BN R B W53

L B o e B
LLLLLLLLLLLLLAL

awosow

839,442

exon1 <«

| 839,078

N

B EE EE EH




. _ _ HUDSONALPHA
Considerations when constructing a pan-genome GENOME SEQUENCING

CENTER

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

YOU MUST CHOOSE |
exon1 «

| 839,078 839,442
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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’? GENOME SEQUENCING

CENTER

Our goal is to make the pan-genome useful

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

Something that is easily queryable ... not just a graph database
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Upland Cottons Pangenome Home Gene expression Genomic variations Genic space Help Contact

Structural variation and gene expression across upland
cotton cultivars

Genetic mapping serves as an important tool for biologists to determine the genetic architecture of
large-effect variants on traits of interest. However, the translation of these findings into practical
applications for breeders has historically been fragmented. Bridging this gap involves the identification
of assayable markers for marker-assisted selection and the pinpointing of candidate genes for https //tl nyu rl CO m/u p|a ndCOttonS pangenome
modification. With the advent of multiple reference genomes, rich diversity data, and high-confidence
gene annotations, all of the raw materials are available for identifying high-value molecular targets for
breeding. However, a computational framework to make use of these data does not exist yet for cotton.

41


https://tinyurl.com/uplandcottonspangenome
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What can we learn from a ‘pangenome’? GENOME SEQUENCING

CENTER

Our goal is to make the pan-genome useful

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

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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What can we learn from a ‘pangenome’? GENOME SEQUENCING

CENTER

Our goal is to make the pan-genome useful

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

Compare gene expression among pan-gene sets
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Gossypium hirsutum var. TM1 v3.2

Genome
Gossypium hirsutum var. TM1 V3.2‘ - Gohir.12049314
Gossypium hirsutum var. TM1 v3.2 Ibc;;ﬁalgp: scaffold_246:62136..64180 reverse

Gossypium hirsutum var. UTHAP1 v1.2

Gossypium hirsutum var. UTHAP2 v1.2

Gossypium hirsutum var. CSX8308 v1.2 Data  Visualization  Orthologs

Gossypium hirsutum var. Coker v1.2 Show 10 v entries Search:

Gossypium hirsutum var. UA48 v1.2 GenelD cotyledon exocarp fiber.14DPA fiber.21DPA fiber.35DPA fiber.7DPA hypocotyl immature_square leaf meristem ovule.ODPA

i e ke e s rme Pl AP A~ G4 D
1 Gohir.12049314 1.08 0 0 0 0 0 0 0.008 0 0 0
2 Gohir.12049334 1.303 0.843 1.866 1.17 0.785 2.798 1.575 1.215  1.712 1.189 1.913
3 Gohir.12049338 0 0 0 0 0 0 0 0 0 0 0
4 Gohir.1Z049364 0 0 0 0 0 0 0 0 0 0 0
5  Gohir.12049424 0.919 0.137 0.271 0.348 0.348 0.386 1.947 0.128  1.609 0.189 0.014
6  Gohir.12049434 0.037 0.025 0.129 0.045 0 0.076 0.042 0 0121 0.042 0
7 Gohir.12049459 0 0 0 0 0 0 0 0 0 0 0
8  Gohir.12049569 0.036 0 0.033 0 0 0 0.132 0 0.079 0 0
9  Gohir.12049573 0.051 0.008 0.009 0.028 0 0 0 0 0 0 0
10 Gohir.1Z2049583 0 0 0.422 1.062 0.624 0.049 0 0.031 0 0.027 0

Showing 1 to 10 of 71,247 entries > 3 4 5 125  Next
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What can we learn from a ‘pangenome’? GENOME SEQUENCING

CENTER

Our goal is to make the pan-genome useful

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

Find putative functional DNA sequence variants among genomes
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Our goal is to make the pan-genome useful

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

Explore QTL and other genomic regions of interest (ROI)
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What can we learn from a ‘pangenome’? GENOME SEQUENCING

CENTER

Our goal is to make the pan-genome useful

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

Test for sequences that are unique to one or more genomes
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What can we learn from a ‘pangenome’? GENOME SEQUENCING

CENTER

Our goal is to make the pan-genome useful

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

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

number of DeltaPearl and FM958 hits
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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.)
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