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Cotton

Fashionable Comfortable Quality fabric

Soft Cool Stylish Versatile
Envwonmentally friendly Natural @
Youthful Traditional Breathes Sporty

Cotton Research

Long growth cycle
_ Complex
recalcitrant for transtormation
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Importance & complexity of the cotton genome

Gossypium spp.

* natural textile fiber & major oilseed crop
1s* value-added crop in USA

» Unique model for cell wall biosynthesis &
polyploidization

» Diversity of germplasm
45 diploid species (A or D genome)
5 tetraploid species (AD genome)

» Complexity of genome
G. hirsutum : ~2.5 6b (95% cotton production)

Li et al, Nat Biotechnol 2015 Li et al, Nat Genet 2014

Zhang et al., Nat Biotechnol 2015 Wang et al., Nat Genet 2012
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So many genes in cotton!

2012: . raimondii
~41,000 protein-coding genes

2014: &. arboreum
~41,000 protein-coding genes

2015: 6. hirsutum
~32,000 A-subgenome
~34,000 D-subgenome
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How to study cotton gene functions?
Functional Genomics

»Explore cotton gene functions in cotton
other plants.

» Transient loss-of-function assays (two
weeks)

» Transient gain-of-function assays (two
days)
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Virus-induced gene silencing

RISC

Cotton Inc. April 2016 Modified from Becker and Lange, Trends in Plant Science. 2010



Agrobacterium-mediated VIGS

10-day-old seedling Agro-infiltration

Phenotypic analysis

CLAL: Cloroplastos alterados 1 involved in chloroplast development

Gao et al., The Plant Journal. 2011
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VIGS in diverse cotton genetic backgrounds

Vector GhCLA1 ATCLA1

Deltapine
90

R135

Phytogen
480WR

Phytogen
425RF

Cotton Inc. April 2016 Gao et al., The Plant Journal. 2011



Cotton Functional Genomics

Transient loss-of-function assay

Genetic engineering of the master regulator

Increase sustainable yield, resistance and
quality
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Cotton functional genomics via VIGS library

10-day-old seedlings
Inoculation with Agro-VIGS cDNA library
Target genes are silenced two weeks after inoculation
Screening for disease resistance or other phenotypes
Identifying interested candidates
Sequencing plasmid DNA from Agrobacteria

Targeted breeding program or transgenic approach
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Transient gain-of-function assay in cotton

Hormones Light

Pathogens- Abiotic stresses
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Function Assays
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Subcellular localization in cotton protoplasts
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Gao et al., The Plant Journal. 2011



Activation of convergent MAP kinase
signaling by pathogen elicitors
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Cotton comparative, functional
and biochemical genomics
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Cotton GhVel and
GhBAK1 mediate
Verticillium wilt resistance.

VIGS-control

VIGS-GhVel

VIGS-GhBAK1

VIGS-Ctrl GhVel VIGS-Ctrl GhBAKI1
Ghlel GhBAKI1

Gao et al.,, The Plant Journal. 2011
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RLK/RLP complex in cotton
Verticillium wilt resistance

Arabidopsis-Pseudomonas Cotton-Verticillium

Flagellin Avel or ?
velor? . /o1

ATFLS2
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\ 4 \ 4
MAP kinase cascade MAP kinase cascade?
v \{

flagellin-triggered immunity  Verticillium resistance

Cotton Inc. Felix et al., Plant J. 1999’ Gomez-Gomez & Boller, Mol Cell 2000, Chinchilla et al, Plant Cell
April 2016 2006, Chinchilla et al, Nature 2007, Heese et al., PNAS 2007, Sun et al., Science 2013



Cotton resistance to Fusarium wilt
The role of receptor kinases

VIGS-Control. VIGS-Gene 1

H20

FOV10 RACE1

Cotton Inc. April 2016 unpublished



RNA-seq to mine novel genes in cotton
drought stress

DP491 FM9160 706V

RNA-seq: upregulated genes upon 2-day and 4-day drought treatment

Control  Drought Control  Drought

ATEXLBI1
ABI

MYB43

PEBP

SAG12

VIGS Ctrl  WRKY Myb RLK

LRR-RLK
Gh Acti

blished
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Determinatives of cotton
drought stress

Two weeks after VIGS; Drought treatment: 12 days

Control CBF3 NFYAS MYB2 MYC2 ABA8 DREB

Cotton Inc. April 2016 unpub//'s/vea’



Bacterial blight of cotton (BBC)

Pathogenicity of Xcm
The Type IIT Secretion System

Cotton Inc. April 2016 Delannoy et al., Annu. Rev. Phytopathol. 2005



Host-Specific Symptoms and Increased Release of
Xanthomonas citri and X. campestris pv. malvacearum
from Leaves Are Determined by the 102-bp Tandem
Repeats of pthA and avrb6, Respectively

Yinong Yang, Robert De Feyter, and Dean W. Gabriel

Plant Molecular and Cellular Biology Program and Plant Pathology Department, University of Florida, Gainesville
32611 U.S.A.
Received 12 October 1993. Accepted 18 Januar

/

Xcm
avrbé mutant
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Type ITI Effectors

Transcription Activator-Like (TAL) Effectors

Cotton Inc. April 2016 Moscou and Bogdanove, Science 2009
Mak et al., Science 2012



TAL effector-host gene recognition

Repeat” 1 2 3 45 6 7 8 9 10 11 12 13 135
Avrb6 HE Ng Ng Hf HR Ng HR N NR HR HR HE NR N
RVD R ENNENEAEBENNENNE
100%

EBE50°/o

0

Effector Binding Element

* One of the major virulence factors from
XcmH1005 (Race 4).

 Induces strong water-soaking on specific lines of
cotton

~10 TALEs cloned from Xcm, but

Cotton Inc. April 2016 Yang et al., MPMI 1994



Determinatives of TAL effectors
in cotton bacterial blight

Avrb6 Avrb6 PthN PthN Ctrl Ctrl

108 Kd WE:
o-HA
CBB

In collaboration with Dr. Adam Bogdanove
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Biological inhibiting infection by Xcm
Biological inhibiting Xcm infection

specifically blocking the effector binding site
without interfering its endogenous functions

. CRISPR-Cas9 System .

Cotton Inc. April 2016
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