Pathogen-secreted effectors: host subversion

and .... what else?
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Plants perceive pathogens with pattern receptors

Invasion Pattern-Triggered

% Symbi()sis St()pped

®)

WAGENINGEN %
EEEEEEEEEEEEEEEEEEE

et Cook et al., Annu. Rev. Phytopathol. 2015




Effectors are crucial for continued symbiosis

Effector

Invasion Pattern-Triggered

Spore D =) svmbiosis Stopped
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Effectors can become invasion patterns

Effector

Invasion Pattern-Triggered

Spore D =) svmbiosis Stopped
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s — 1o Cook et al., Annu. Rev. Phytopathol. 2015



Pathogens have “two-speed” genomes

" “Core” genome : household
processes

=> Conserve and maintain
(purifying selection)

" Flexible genome: effectors and
other pathogenicity factors

=) Plasticity and rapid
adaptation
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Verticillium dahliae

©Wim van Egmond 2017




Verticillium plasticity: lineage-specific regions

Chromosomal Lineage-specific (LS) regions  Overrepresented in
recombinations >>> >>> planta
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de Jonge et al., Genome Research 2013
Faino et al., mBio 2015
Faino et al., Genome Research 2016

7
WAGENINGEN %
UNIVERSITY & RESEARCH




Chré

LS regions: recent duplications & gene loss
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LS regions display reduced SNP frequencies

Number of SNPs (per 1 kb)
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Why reduced SNP frequencies in LS regions?

" Acquisition of LS regions by horizontal transfer?

e Unlikely: phylogeny of LS genes follows phylogeny of
Verticillium genus
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LS regions: intermediate chromatin state
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Heterochromatin: DNA
methylation and H3K9me3 at
specific TEs, closed DNA (low
ATAC-seq)

Euchromatin: Devoid of DNA
and histone methylation, open
DNA (high ATAC-seq)

LS regions

« Devoid of DNA and H3K9
methylation

« Enriched for H3K27me3

« Intermediate ATAC-seq

signal

Cook et al., BioRxiv 2020



Machine learning prediction of LS regions

« Approached LS identification as a binary classification problem

« Used four machine learning algorithms to assess ability to identify
previously unknown LS regions

« Independently re-iterated over the genome to saturate prediction
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Proximity ligation: LS regions interact

Chr6

Kramer et al., unpublished
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V. dahliae effector catalogs are highly divergent

Jamopung

ojewoy

uonoo

BUBILLBLIUS] BUBHODIN
sisdopiqely

2vd
LAY 214
02100 OO7X vord
156800 DOTX €04
164
eid
eed
9ld
1e4
224
14
954
B
€94
214
ved
194
8ed
124
814
v8d
924
924
824
€84
084
ovd
6e4
294
84
6.4
sed
24
[YE]
€24
24
8v4
054
sed
0zd4
2044
0044
9044
984
284

650600 OOTX 104

Lung 4

+ o+ o+ o+

JKG8

o+ o+

VanDijk

+ o+ 0+
+ o+ o+

2009-605
ST16

m'

+ o+ + 4+

VdLs17
858

+ o+ o+

B
+ 4+ o+ -+
+ + + o+ 4+
+ o+ o+ 4+ o+
EEEE
O>5 5> >

+ o+ o+

463

+ o+ o+

ST100
ST14

+ o+ o+ o+
+ o+ + +
+ o+ o+ o+
+ o+ o+ o+

CBS38166 + + + +
DVD-S26

DVD31

DVD3

+ o+ o+ o+
+ o+ o+ o+
-S94 + + + +

DVD161

DVD-S29

How is host range

determined?

| _f;fu%##4{#tngLLUWD

Gibriel & Li et al., BioRxiv 2019

100years

Z3
ER
<8
GE
Z i
IR
z?
w =
(L
(g
23

—



Comparative genomics: tomato pathogenicity
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Tom1 mediates pathogenicity on tomato




Tom1 can confer pathogenicity to non-pathogens
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The Verticillium dahliae Avel effector

Tomato immune receptor Ve1 recognizes effector of
multiple fungal pathogens uncovered by genome and
RNA sequencing

Ronnie de Jonge™', H. Peter van Esse®’, Karunakaran Maruthachalam®, Melvin D. Bolton, Parthasarathy Santhanam?,
Mojtaba Keykha Saber®, Zhao Zhang?, Toshiyuki Usami, Bart Lievens®f, Krishna V. Subbarao®,
and Bart P. H. J. Thomma®92

Mock Wt AAvel

V. dahliae

Avel is ubiquitously expressed

in planta in vitro in soil
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VdAvel displays selective antimicrobial activity

Acidovorax sp. Agrobacterium tumefaciens Arthrobacter sp.
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VdAvel induces microbiome changes

Tomato

® Mock ® V.dahlioeWT ® A VdAvel

Relative V. dahliae biomass
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VdAvel affects antagonistic Sphingomonadales

Sphingobium sp.

Sphingomonas asaccharolytica Sphingomonas sp.
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VdAvel affects antagonistic Sphingomonadales

p =0.052
© 0.06
C 3
m (T
2 R 004
S £
2 o B
© £ o
2 & 002 {‘
5 C
m =
e &
0.00
(\ A
\-\OB\N \ldp,\l
NK >
p = 0.006
0 2.0 - 20
g b § &
§1s ¢ .b. . SE1s| o ;
i - 2 =
81.0 . S 1.0 2
§ .* .. t E — h § .
- 0.5 T I g S05 .'... ..
f|.' %) > o . .I‘
0.0 o E 0.0 . [ N
3 A
WAGENINGEN W Ne
UNIVERSITY & RESEARCH \'\0e b\IdP

4.0



Life stage-specific microbiome-manipulation?

Microsclerotia
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Take-home messages

Rovenich et al., 2014
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» The 2-speed genome of
Verticillium involves lineage-
specific regions

» LS regions display an
intermediate chromatin state

» Single lineage-specific effectors
can act as host range
determinant

» Part of the effector catalog is
intended for microbiome
manipulation
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