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Improving disease resistance in crops

By:
Conventional molecular pathology approaches

Deploying pathogen effectors




Plant perceive an invading pathogen by detecting
Pathogen Associated Molecular Pattern (PAMP)
and pathogen effectors

PAMP Recognition TTSS Effectors
Triggers Immunity Suppress Immunity
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Defence and counter-defence

High PTI ETS ETI ETS ETI

Pathogen
effectors

efence
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PTI: PAMP-triggered immunity

Jones & Dangl Nature (2006)
444, 323-329

ETS: Effector-triggered susceptibility
ETI: Effector-triggered immunity
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Classification of known R proteins based on
functional domains
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Improving disease resistance in crops
By:

Conventional molecular pathology approaches

White rust resistance (WRR) in Arabidopsis
and its application to Brassica




White rust on Arabidopsis thaliana
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A.candida isolates

Ac?2
Ac7
AcBr

AcBc

AcCs
Aceml

AcCap

Host species

B. juncea
B. rapa

B.rapa (Broccoli raab)
B. carinata

C. sativa
A. thaliana

C. bursa-pastoris

g

Ac2 Ac7

B. rapa R S

B. juncea S R

Broccoli R S
B.carinata R R
B. napus R R
C. sativa R R

AcBr AcBc  AcCs

S R R
R R R
S nt nt
R S R
R R R
R R S
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Response of A.t accessions to different isolates of

Ac2
Col R
Ws S
Ler R
Ksk-1 R
Col-edsl S
(RNAI)

A. candida
Ac7 AcBr
R R
S S
R R
R R
S S

AcCs

W o v T

Aceml

w o mwon »m

WRR4
RAC1
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Location of WRR4 on Arabidopsis chromosome one
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Arabidopsis resistance to

Brassica isolates of A. candida

WRR4 a TIR-NB-LRR gene in Col confers broad spectrum
resistance to several isolates of A. candida (Ac2, Ac7, AcBr, race9
and race4)

WRRA4 resistance requires expression of the enhanced disease
susceptibly 1 (edsl) gene

Col Col-eds1

g

Brassica defense against Ac2 and
Ac7 is edsl dependent

WT B. napus

B. Napus
Eds1-RNAI

1/7/2010



1/7/2010

E

Arabidopsis WRR4 confers resistance against Ac2

W.T B. Juncea

B. juncea /A.t
WRR4

g

Arabidopsis WRR4 confers resistance against Ac7

W.T ACS-N32

ACS-N32/A.t WRR4
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Improving disease resistance in crops
By:

Deploying pathogen effectors

How Pathogens deliver their
effectors into the host cell?
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Bacterial Pathogens deliver effectors by T3SS

Bacterium Plantcellwall  BS28 Plant host cel

ATPase

effector

proteins = i translocon * & proteins

Buttner & He Plant Phys.(2009)
150,1656-1664

T3SS: Type three secretion system
IM: Inner membrane

OM: Outer membrane
PM: Plasma membrane

g

Delivery of effectors by fungi and oomycete

L. maculans A. candida

Saal et al., Plant Breeding 123, 505—511 (2004)

H: Haypha
P: Pycnidium
Ha: Haustorium
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FC: Fungal cytoplasm

FP: Fungal plasma membrane
FW: Fungal cell wall

HC: Host cytoplasm

HP: Host plasma membrane
S: Collar like sheath

E: Encapsulation

\/: Host vacuole

Mycopathologia 158, 457-464, 2004

;

Haustorium role in nutrient uptake

Voegele and Mendgen, New Phytologist, 2003, 159:93-100
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Haustoium and secretion of effectors

AVr3a from Phytophthora is localized to haustoria

Whisson et al., 2007 Nature,450,

115-119

Oomycete effectors contain a
host translocation motif
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of oomycete effectors into
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RXLR-dEER motifs as translocation signal for delivery

plant cell

William Morganl and Sophien
Kamoun, Current Opinion in
Microbiology (2007) 10:332-338

Merozoite, Spore

Host derived
PUM

The oomycete RXLR and Plasmodium

protein translocation

motifs have been shown to be interchangeable.

Parasite

Host derived

wE

2

e caln vl nmgored GFP
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Bhattacharjee et al., (2006) PLOS pathogen

RXLR motif of P. infestance
Avr3a could be replaced by
host translocation signal of
Plasmodium or RXLR of H.

meeral | parasitica

Grouffaud et al., Microbiology
(2008) 154, 3743-3751
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Discovery of effectors from Brassica Pathogens

Albugo candida

1/7/2010
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A.candida isolates Host species

Ac?2 B.juncea

Ac7 B. rapa

AcBr B.rapa (Broccoli raab)
AcBc B. carinata

AcCs C. sativa

Aceml A. thaliana

AcCap C. bursa-pastoris

g

A. candida effectoromics

A. candida race 2v (Ac2v) has been used for

- EST sequencing

- Genome Sequencing (Next Gen. Seq.)
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Transcriptome of Ac2v

* 27547 ESTs from spore

* 24,000 Transcripts

A cDNA library from infected seedlings of B. juncea cv cutlass
(susceptible to Ac2v)

Close to 35,000 cDNA sequenced both direction
* 14510 Ac2V ESTs
* 35738 B. juncea ESTs

A full length normalized cDNA library from spores

Close to 42,000 Ac2v EST from spore and during infection

g

Genes with higher expression during infection

Transcript

33221
332.3 1
332 51
332,71
332,43
3329 1
332 6_1
33210 1
332 16_1
332171
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332 23 1
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332 34 1
332,32 1

Infected vs
Spore
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effector location Albugo
Hydrolytic  apoplast J
enzymes

Enzyme apoplast N4
inhibitors

Elicitins apoplast v
NLPs apoplast —_
RXLR cytoplasm Vv
CRINKLER cytoplasm 2

g

A. candida an obligate biotroph as revealed by EST

Oomycete PAMPs and elicitors reported to induce cell death
are absent, non-functional or less frequent in A. candida

Phy. Albugo
NEP 50-60 No EST
Elicitin 17 2 cDNA
Crinckler >100 1EST
CBEL J J
transglutamianse Vi v
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Ac2V Genome Sequencing

2 X GS-FLX + 1.5 x titanium

# of reads

# Mbps

# Mbps assembled

# contigs

Avg contig length (bps)
N50 length (Kb)

Largest contig (Kb)
Estimated size (Mbps)
Estimated coverage (fold)

2.15 million
694

36.7

4807

7627

51

316

34

14.8
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Gbrowse view of a contig from A. candida race 2v
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Potential effectors from Ac2V

Secreted proteins

* 802 genes coding for proteins
larger than 100 aa with SP

* 204 secreted proteins with RXLX domain

1/7/2010

20



Functional assay of effectors
by transient expression

Example from A. candida

High throughput screening of Ac effectors using
transient assay in Aarabidopsis and tobacco

Arabidopsis Tobacco
P. syringae

O 0

EDV System

mm  AvrRps4
translocation signal

== Albugo Effector

Effector detector vector (EDV) Agro-infiltration
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Functional assay of effectors
by transient expression

Example from Scelrotinia sclerotiorum

Identifying Necrosis and ethylene inducing protein
(Nep) from Sclerotinia sclerotiorum

Nep a 24 kDa protein was first identified from
Fusarium oxysporum

Nep triggers cell death in plant

Nep is present in fungi, oomycete and bacteria

22
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S. sclerotiorum has two Nep genes

86
SsNepl QDTENI [CRDQAK] WSEGK S | A ABNVVG| [VIETNN-PEVANPELL N
SsNep2  KPS@-SENEDCSSST] ONES Y RaE L U SN ISPE---1 IL@LSSSTSTTASN IVAVCP| D

" pre————

1 85

SsNepl M-LE@TNTKFEEVLAARAAVKGARVEGND 1 QAREVVEHES I NPVISENEECEAL BN TLKRFE] H1AH \ G| [SC]
SsNep2 MV KSLQEELSLLESTAIAIGFP-SELESERE | VVGHEETEESETVETLYEAYK] [DVVN F A N
170

7

171 250
SsNepl RKSTSIPTQEMREKVERFVEFGTNEELOFINELERDLEMNVWYDFEPAYSK D/ < (S D e\ | JARKLAERQI -
SsNep2  CTRDQYTLS[EMF@L | KMEG 1\Wigl DRISCGL ROV AWE SETPAAQSEIRE S| ENNFVK@SSF

Dallal Bashi et al., 2009
Mol. Plant Path.

Induction of cell death by SsNep in tobacco

LB 358| RdRp M1 M3 Sshep CP  Nos RB

1 1 I ey N
=

M2 CP Promoter

knPR
[ PVX Vector

Empty vector PVX + SsNep1 PVX + SsNep2

Dallal Bashi et al., 2009
Mol. Plant Path.
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Leptosphaeria maculans effectomics

g

Leptosphaeria maculans denovo sequencing

1x 454 titanium for LM isolates WA74 and WA51

WA74 WAS51
contigs 8315 11908
# Mbps 45.3 29.2
Mean length (bp) 5448 2452
N50 (bp) 11397 3901
Largest (bp) 96907 37152
Q40 98.2% 95.1%
# all contigs 9329 22969
# Mbps in all 45.6 32.2

24



LM isolate JN3 has been sequenced and
assmebled through LM genome project at
INRA

WAT74 and WA5lalignment with JN3

Tools and resources developed for Ac2V effectors
could be applied to identifying LM effectors

Gbrowse view of a contig from L. maculans

In_SuperContig 1 v2
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From Patliogen effectorsto disease resistance in Crops

| Pathogen genome sequence ‘

Secreted protein, comparison
between the genomes, motif search

map based cloning, gene expression #
proteomics

Effector discovery

Interaction with other proteins

or with DNA, effector Polymorphisms
cellular localization » Host target discovery
effector biochemistry

Phenotype in different hosts/non-host

Interaction with other proteins or -
with DNA, target polymorphisms # Host target function
cellular localization, discovery
metabolic profiling

target biochemistry, suppression or
over expression of target

Crop improvement

Summary

Information from resistance and defense in
Arabidopsis could be directly used to improve
resistance to pathogens in crops.

Transient expression of pathogen effectors in plant,
an efficient and high throughput approach to identify
novel sources of resistance.
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Future works:

Sequencing additional isolates and different
species of A.C and L.M

Sequencing P. brassica pathogen of clubroot

Comparative pathogen genomics
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