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Overview of the Systems Genetics Lab

Linking genome structure with functionResilience, trait genetics, crop & agricultural
Improvement

Rosaceous crops
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Herbicide resistance Trait genetics
Mitigation strategies Rootstock development

Genome dynamics DNAinformed breeding




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 oxysporurnsp.vasinfectum
V First ID 1892 in Alabama

V Inoculum dependent \
V No nematodes, no symptoms | 3 |
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FOV4 hyphae

Fusarium oxysporumsp.vasinfectunrace 4

A Typical FOV infections of cotton are preceded by
a wound

A Nematode FOV disease complex

A No nematode, no problems Cotton root |
epidermis

A First identified in California in 1997 (Olvey)
A FOV4 is nematode independent

A High potential for severe economic damage
A Chlamydospores lie dormant for decades

A Survives as saprophyte

This Photdyy Unknown Author is licensed und€C BXSA


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

Fusarium wilt
symptoms

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

A Seeds germinating in presence of FOV4
spores may die before emergence or
iImmediately after

A Often confused with dampingff

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

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




FOV4 conseguences

A Field Abandonment

A San Joaquin Valley, California

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

AResponsible for 95% stand
loss in California from
2007 to 2019

A >50% vyield loss in moderately
infested fields



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

lea breed |ng effO rtS A Attempts to introgress this resistance from pima to upland have failed

A Identifying resistant upland germplasm is required

https://www.sjvqualitycotton.com/



If FOV4 was first identified 20+ yeal

ago, and resistant pima cultivars are ™ =

3

s

developed, why are we still working *
on upland resistance in 20247



Upland breeding efforts

A 20 years of research
A 30+ claims of resistance
A All fail in high inoculurtoad field

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

A Public releases (O&A Enterprises)
A U1, 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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Kriging interpolation

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

gh = ) g
Je—— - ! '

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, httpstéi.org/10.1002/csc2.20961




Can we use math to suselect from an early generation population?

Most susceptible
plants

(@) Normalized Stain Severity vs. Predicted FOV4 Pressure

Most tolerant plants
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FOV4 QTL discovery

Selection of Parental lines

i Reference grade whole genome sequenc
Hybridization

|

Progeny

Phenotypic observation Adjusted with inoculum distribution info

2 K2tS 3IASY2YS @S| dzS

4

C Phenonyic observtion >
¢
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.



FOV4 Susceptible

FOV4 Resistant

A CSX8308

Unigue genomic resources

D-subgenome

A-subgenome

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

™1

CSX8308

UTHAP1

UTHAP2

UTHAP2

UTHAP1

CSX8308

Chromosomes scaled by physical position

300 Mbp

Parris et al. (2024In Review
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PCA of Sample Genotypes

A 3-5X sequence coverage of F3

A Selected SNPs between parents
that were in homozygous states

CSX8308

O U1l
/\ F3
B Susceptibl

B Resistant

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

A Generated 1300 SN#ased
markers customized for our
population

Parris et al. (2024n Review



Two major QTLs significantly associated with FOV4 resista
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Effect plot for marker 16_1722782
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Plant glutamate receptors

Amino terminal

Susceptible
ARFE I ASL I GDYIWMWIL KPGIT T VY
AR E A S L CDYHERW L KPGTTWY
Resistant

Transmembrane

Mol Cell. 2021 Aug 5; 81(15): 3243226.e8.



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
FOV7 and FOV4 resistance

A Single-Nucleotide Mutation in a GLUTAMATE RECEPTOR-LIKE Gene Confers
Resistance to Fusarium Wilt in Gossypium hirsutum

. . .
S L. achin Zhan,* Shenohua Xiso, ' M, e S, Tno i, i, it i and cytosolic calcium influx
Chunvuan You, 4 Zhena Xu, ! Tianvi Wana, ! Yujing Wanag, ' Zhennan Zhanag, ! Jianvina Li, ' Jie Kong, 2 Alifu Aierxi, 2

\ » g ' ) *N jiNg J ) ' J
Yu Yu, 3 Keith | indsey, 6 Steven J. Klosterman, ¥ Xianlona Zhang, 1 and Longfu Zhu*?
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10 20
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Parris et al. (2024In Review
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Transposon Insertion disrupts gene function
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Plant glutamate receptors

Amino terminal

Ligand binding

Mol Cell. 2021 Aug 5; 81(15): 324¥226.e8.



AO02 GLR pore size in Ul is larger
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Potential GRImediated mechanisms for FOV4 resistance
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Summary

AGeostatistics improves field phenotyping.

AEarly generational genetic mapping enhanced by whole genome
seqguencing can expedite causal gene discovery

AGLRs are a potential new class afjdhe?
AVolumetric 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
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Biochemical pathway enrichment

Luteolin triglucuronide Volatile benzenoid

Baicalein degradation degradation Chitin degradation Matairesinol biosynthesis biosynthesis

Superpathway of 9-lipoxygenase/9-allene Jasmonic acid
Sulfite oxidation lipoxygenase oxide synthase biosynthesis Ethylene biosynthesis
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Potential role of the Casparian strip in the restriction of vascular colonizatic



