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Overview of the Systems Genetics Lab

Linking genome structure with function: Resilience, trait genetics, crop & agricultural
improvement
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Outline

Primary disease threat to cotton (Fusarium wilt)

Unique FOV4 screening nursery

Genetic mapping for FOV4 resistance in upland

Transcriptomics underlying resistance in pima

Current work & future directions




Fusarium wilt in the US

v’ Fusarium oxysporum f. sp. vasinfectum
v First ID 1892 in Alabama
v’ Inoculum dependent

v"No nematodes, no symptoms
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FOV4 hyphae

Fusarium oxysporum f. sp. vasinfectum race 4

* Typical FOV infections of cotton are preceded by
a wound

* Nematode FOV disease complex

* No nematode, no problems Cotton root
epidermis

 Firstidentified in California in 1997 (Olvey)

* FOV4is nematode independent

* High potential for severe economic damage

e Chlamydospores lie dormant for decades

* Survives as saprophyte

This Photo by Unknown Authorislicensed under CC BY-SA


https://en.wikipedia.org/wiki/File:Fusarium_conidiophores_and_macroconidia_160X.png
https://creativecommons.org/licenses/by-sa/3.0/

Fusarium wilt
symptoms

* Variable based on inoculum density,
planting date, pathogen biotype virulence,
and age of the host plant

* Seeds germinating in presence of FOV4
spores may die before emergence or
immediately after

* Often confused with damping-off

* Older seedlings display cotyledon drop,
leaf chlorosis and necrosis, wilting

* Mature plants are similar and can also
show severe stunting and vascular staining




FOV4 consequences

* Field Abandonment

* San Joaquin Valley, California

e 775,000 down to 40,000
productive acres between
2000 and 2020

* Responsible for 95% stand
loss in California from
2007 to 2019

 >50% yield loss in moderately
infested fields




* Early 2000s initial FOV4 breeding focused in pima cotton
SUCCESS

P IMma4a b reed | ﬂg effO I’tS * Attempts to introgress this resistance from pima to upland have failed

* |dentifying resistant upland germplasm is required

https://www sjvqualitycotton.com/



If FOV4 was first identified 20+ years
ago, and resistant pima cultivars are
developed, why are we still working
on upland resistance in 20247




Upland breeding efforts

e 20 vyears of research
* 30+ claims of resistance
« All fail in high inoculum-load field

* O&A Enterprises
* FOV4 hot site El Paso, TX
* Large, diverse germplasm screens
* Over 10,000 genotypes

e Public releases (O&A Enterprises)
 Ul1,U2,U3,and U4
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Geostatistical techniques to account for the
heterogeneity of Fusarium wilt inoculum
distribution in upland cotton field screening
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Incorporating geostatistical techniques to improve phenotyping
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Kriging interpolation

Full Model (b) Low-order Polynomial P(x)

K

o5
MI 1 ] 1]

|
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 1000 2000 3000 4000 5000 6000

Parris et al. (2023) Crop Science, https://doi.org/10.1002/csc2.20961




Can we use math to sub-select from an early generation population?

Most susceptible
plants

(@) Normalized Stain Severity vs. Predicted FOV4 Pressure

Most tolerant plants
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‘CSX8308’

288+ F3 individuals
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FOV4 QTL discovery

Selection of Parental lines

i Reference grade whole genome sequences
Hybridization

|

Progeny

Phenotypic observation Adjusted with inoculum distribution info

Whole genome sequencing of F3s

J
l
)

Identification and characterization of QTLs .
Gene discovery

Gupta, M., Praveen, A. (2019). Quantitative Trait Loci Mapping of Heavy Metal Accumulation and Resistance in Crop Plants.



Unigque genomic resources

A CSX8308 C Synteny map and single-copy gene tree across four cotton genomes, split by subgenome

Chromosomes scaled by physical position |

300 Mbp :
™1 — —— e—

CSX8308

FOV4 Susceptible

UTHAP1

: : UTHAP2
D-subgenome

A-subgenome

UTHAP2 "~ A02

UTHAP1

FOV4 Resistant

CSX8308

Parris et al. (2024) In Review



3-5X sequence coverage of F3

Selected SNPs between parents
that were in homozygous states

Filtered for read depth, linkage
disequilibrium, and minor allele
frequency

Generated 1300 SNP-based
markers customized for our
population

Skim sequencing F3 segregants

PCA of Sample Genotypes

Parris et al. (2024) In Review

CSX8308

B Susceptible
. Resistant



Two major QTLs significantly associated with FOV4 resistance

A02

674347
18875826

i 1.7~ 16_49386252

T ' 22T ™~ 16_40732737
1

—2_
2

2942920
3452685
3501708
362131
ATS1756
3534908
2_JB36T86
2_2987483
2 4123059

S

=

2
2
2
A
2
2

=
2 4188076
?%2 4217399 q a55 1649133724
!

LI {11
7NN

- 24748513
h- 24284010

2431488
Il"- 2 28513?23; 46.9 N 16 48482138
2_5784410 47.5 —={— 16_47504155
\ 2-6382852 48.0 j’ R 16_47114617
\\-2_9461382 56.6 . 16_10155660
\\ 2 o815007 57.8 7\ 166311098
L2 10920370 583 16_5412234
63.1 j{: 164211122
66.0 16_3776482

72.9 16_3717091

1 L
3102421765 8521 | | 163120867
T 2 102733398 864+ | | [r 16_2947071
/g lﬁiiféii 86.9 4\ j 16_2906935
- T 88.6 /- 16_2841056
:é 2104281000 [l < 897 ¥/ 16 2748112
__ 2 104489730 M = 04 § 16_2661617
2-104e57065 [ 057 - 162549301
Lt = 102.7 - ~16_2387216
7105065088 1044\ |/ 16_1722782
- 2105146164 106.1 ~ .~ 16_1118156

2 105424206 . 106.6 ——— 16 1082036
_) —
/A

2 108185615
\ 5™107080925 107.2 16_1047736

—

L)
£00-¥AOd

Parris et al. (2024) In Review



Effect plot for marker 16_1722782
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Parris et al. (2023) In Review. PNAS

Most Resistant F3s
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Plant glutamate receptors
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Amino terminal

Susceptible
ARE I ASL I GDYIMWL KPGTTVY
AR E A S L CDYHERW L KPGTTWY
Resistant

Transmembrane®

Mol Cell. 2021 Aug 5; 81(15): 3216—-3226.€8.



ADVANCED SCIENCE

FOV7 in China

Adv Sci (Weinh), 2021 Apr; 8(7): 2002723. PMCID: PMC8025038
Published online 2021 Feb 19. doi: 10.1002/advs.202002723 PMID: 33854882

D03 GRL contribution to
A Single-Nucleotide Mutation in a GLUTAMATE RECEPTOR-LIKE Gene Confers .
Resistance to Fusarium Wilt in Gossypium hirsutum FOV7 d nd FOV4 resistance

and cytosolic calcium influx

y » L - a - A ¢ \Ales > 2 T v/ Vi A o
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Yu Yu, 3 Keith | indsey, 6 Steven J. Klosterman, ¥ Xianlona Zhang, ' and Lonafu Zhy" !
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Parris et al. (2024) In Review
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Transposon insertion disrupts gene function

A.

CSX8308

u1

B.

Protein
Domains

- Exon B Amino Terminal Domain - Transmembrane Domain °°° Peptides

MDD Intron :] Ligand Binding Domain - C-Terminal Domain
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Plant glutamate receptors

Amino terminal

Ligand binding

Mol Cell. 2021 Aug 5; 81(15): 3216—3226.€8.
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Transcriptomics underlying FOV4 resistance in ‘U1’
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Potential GRL-mediated mechanisms for FOV4 resistance
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Summary

» Geostatistics improves field phenotyping.

e Early generational genetic mapping enhanced by whole genome
sequencing can expedite causal gene discovery

* GLRs are a potential new class of R-gene?

* Volumetric calcium influx catalyzes robust defense responses



RNAseq analysis of FOV4 challenge in pima

Resistant  Susceptible

Collected tissue at 3 time points:
12hai, 24hai, 72hai
Extract RNA for RNAseq
Identify unique expression in resistant pima

Parris et al. (2023) Plant Disease



Induced gene counts

All DEGs logFC, magnitude > 2
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GO enrichment
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Biochemical pathway enrichment

Luteolin triglucuronide Volatile benzenoid
Baicalein degradation degradation Chitin degradation Matairesinol biosynthesis biosynthesis
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Potential role of the Casparian strip in the restriction of vascular colonization

Epidermis Cortex Endodermis Pericycle Xylem
/‘ 2

Apoplasm

Casparian Strip




Conclusions

* Reactive oxidative bursts underly FOV4 resistance in both
species

* Wall off mechanisms play pivotal role in FOV4 resistance in
both upland and pima

* General cell wall fortification

» Casparian strip fortification provides a biochemical
barrier against vascular pathogen invasion

* GLRs are new targets for investigation with
providing broad spectrum fungal resistance

* Targets for transformation

e Calcium signaling




Ongoing Work

Gene Validation

1.

2.

Knock-in of AO2 GRL in
Jin668 (D03 exists naturally)

Knock-out of DO3 in Jin668

Knock-in of A02 in Coker312
& KO of endogenous

Knock-in of A02 & D03 in
Coker312 & KO of
endogenous

Direct editing in Ul
(regeneration protocol
optimization)

Plant mortality (%)

20
Days post inoculation




RIL Genotypes (Stephen graphs)

F8 RIL population (U1 x CSX8308)

Phenotyped in El Paso, Fall 2023

e Skim sequenced 3-5X (HA)

>5k quality SNPS






Cotton Cross Section Stain Analysis -
Computer Vision

DJ-8-110

Total vascular tissue area: 13351.5 (pixels)
Total stained area: 0
Percent area stained: 0%




0% Stain Examples

DJ-8-165 DJ-8-113 DJ-8-115



Total Surface Area Variability
DJ-8-77

Total vascular tissue area: pPAEERs

DJ-8-113

Total vascular tissue area: ERPEERS



0% Stained Group (All Individuals)

44 Individuals (~16%) of 282



High Stain Concentration

DJ-8-99

Total vascular tissue area: 11593
Total stained area: 1804.5
Percent area stained: 15.57%




High Stain Examples cont.

DJ-8-65

Total vascular tissue area: 7328
Total stained area: 4823
Percent area stained: 65.82%




Fungi homogenate
production

Homogenate pouring in Petri
dish covered with a porous
cellophane sheet

Mycelium suspension for
inoculation preparation

Mycelium suspension aliquatition

™

Vessel inoculation
with fungi

Incubation of fungal
cultures in the vessels

Fungi ready for the
co-culture challenge

e

O

=

Plant culture establishment

Plant propagation in agar-
based media

Plant transferring into
liquid media

Plant acclimation and
growth in liquid media

Plants ready for the
co-culture challenge

Plants transferring to
inoculated vessels

Co-culture of fungi and plants
under controlled photoperiod
and temperature conditions
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