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Plants perceive pathogens with pattern receptors

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



Effectors are crucial for continued symbiosis

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



Effectors can become invasion patterns

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



§ “Core” genome : household 
processes

● Conserve and maintain
(purifying selection)

§ Flexible genome: effectors and
other pathogenicity factors

● Plasticity and rapid 
adaptation

Microbe

Pathogens have “two-speed” genomes



Verticillium dahliae

©Wim van Egmond 2017



Verticillium plasticity: lineage-specific regions

Chromosomal 
recombinations >>>

Lineage-specific (LS) regions 
>>>

de Jonge et al., Genome Research 2013
Faino et al., mBio 2015

Faino et al., Genome Research 2016

Overrepresented in 
planta

Lineage-specific



LS regions: recent duplications & gene loss

Faino et al., Genome Research 2016



LS regions display reduced SNP frequencies

Faino et al., Genome Research 2016
Depotter et al., Molecular Ecology 2019



§ Acquisition of LS regions by horizontal transfer?

● Unlikely: phylogeny of LS genes follows phylogeny of 
Verticillium genus 

§ Selection against SNPs in LS genes?

● Unlikely: synonymous SNPs are similarly reduced & reduced 
SNPs in intergenic regions

§ Reduced “error” rate?

● Evidence for a nuclear “microclimate”?

Why reduced SNP frequencies in LS regions?



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 

Cook et al., BioRxiv 2020



Proximity ligation: LS regions interact

Kramer et al., unpublished



V. dahliae effector catalogs are highly divergent

Gibriel & Li et al., BioRxiv 2019

How is host range 

determined?



Comparative genomics: tomato pathogenicity

Ø ~40 kb
Ø 2 “typical” effectors

Ø 1 in planta expressed: Tom1

JR2

CQ2



Tom1 mediates pathogenicity on tomato

Mock JR2 ΔTom1 CQ2 +Tom1



Tom1 can confer pathogenicity to non-pathogens

V. tricorpus
+ Tom1

mock

mock

V. tricorpus

V. nubilum
V. nubilum

+ Tom1



The Verticillium dahliae Ave1 effector

in vitro in soilin planta                                  

Ave1 is ubiquitously expressed



VdAve1 displays selective antimicrobial activity

1h 2h

4h 8h



VdAve1 induces microbiome changes



VdAve1 affects antagonistic Sphingomonadales



VdAve1 affects antagonistic Sphingomonadales



Life stage-specific microbiome-manipulation?

Ave1

AMP2

AMP1



Take-home messages

Ø The 2-speed genome of 

Verticillium involves lineage-

specific regions

Ø LS regions display an

intermediate chromatin state

Ø Single lineage-specific effectors

can act as host range 

determinant

Ø Part of the effector catalog is 

intended for microbiome

manipulationRovenich et al., 2014
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