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Abstract 

Verticillium	wilt,	caused	by	the	soil-borne	phytopathogen	Verticillium	dahliae,	

affects	many	agriculturally	important	crops	around	the	world.	In	Australia,	the	

cotton	industry,	worth,	on	average,	between	$2-3	billion	a	year,	is	increasingly	

impacted	by	Verticillium	wilt.	The	fungal	pathogen	is	characterised	into	Vegetative	

Compatibility	Groups	(VCG)	and	further	into	defoliating	and	non-defoliating	

pathotypes.	Verticillium	dahliae	defoliating	VCG1A	is	reported	to	cause	severe	

damage	to	cotton	internationally,	while	non-defoliating	VCG2A	is	responsible	for	

only	mild	to	moderate	disease	symptoms.	In	Australian	cotton	however,	the	non-

defoliating	VCG2A	is	causing	more	severe	damage	to	crops	in	the	field	than	the	

defoliating	VCG1A.		

A	selection	of	isolates	taken	from	the	New	South	Wales	(NSW)	Department	of	

Primary	Industries	Verticillium	collection	were	used	to	infect	cotton	plants	in	

controlled	greenhouse	conditions.	The	plants,	encompassing	four	varieties,	were	

monitored	over	a	period	of	seven	weeks	and	the	disease	progress	scored	bi-

weekly.	Analysis	of	the	disease	scores	revealed	that	although	disease	progression	

is	slower	in	plants	infected	with	non-defoliating	VCG2A	isolates,	both	Australian	

defoliating	VCG1A	and	non-defoliating	VCG2A	are	able	to	kill	cotton	plants	in	

glasshouse	trials.	Cotton	variety	had	minimal	impact	on	disease	outcomes.	This	

was	the	first	confirmed	report	of	an	Australian	non-defoliating	VCG2A	causing	

plant	mortality	in	cotton	plants	outside	of	the	field.	

Eighty-four	isolates	from	the	NSW	Department	of	Primary	Industries	Verticillium	

historical	collection	were	further	analysed	using	InterSequence	Simple	Repeats	

(ISSR).	The	PCR-based	method	resulted	in	a	molecular	fingerprint	for	each	isolate,	

which	was	then	used	to	produce	a	phylogenetic	tree.	Within	the	tree	the	isolates	

clustered	into	three	main	groups,	one	composed	of	non-defoliating	VCG2A	isolates,	

another	made	of	both	non-defoliating	VCG2A	and	non-defoliating	VCG4B,	and	the	

third	contained	only	defoliating	VCG1A	isolates.	These	groups	were	labelled	

“Defoliating-like”,	“Non-defoliating”,	and	“Defoliating”,	respectively.	Further	

glasshouse	trials	to	examine	the	virulence	of	isolates	in	each	group	confirmed	that	

the	virulent	VCG2A	isolates	all	fell	within	the	“Defoliating-like”	group,	the	virulent	
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VCG1A	isolates	within	the	“Defoliating”	group,	and	all	non-virulent	isolates	in	the	

“Non-defoliating”	group.	The	inclusion	of	American	V.	dahliae	defoliating	VCG1A	

isolates	and	eight	Israeli	isolates	of	varying	VCG	into	the	ISSR	study	revealed	that	

the	Australian	isolates	appear	to	cluster	separately	and	suggests	that	Australian	V.	

dahliae	isolates	could	be	unique	to	Australia.	

To	further	examine	the	differences	between	Australian	and	international	

defoliating	VCG1A	V.	dahliae,	four	isolates	were	DNA	sequenced	using	both	

Nanopore	Minion	and	Illumina	sequencing	platforms	to	produce	whole	genomes.	

Isolates	were	analysed	with	13	publicly	available	V.	dahliae	isolates	using	phylosift	

to	build	a	phylogenetic	tree,	and	gene	content	examined	using	ProgressiveMauve	

alignments	to	determine	where	the	genes	differed.	The	comparisons	found	

minimal	differences	between	the	four	Australian	isolates,	but	when	compared	with	

the	other	13,	they	appear	more	genetically	distant.	Additionally,	Australian	VCG1A	

isolates	lack	a	set	of	genes	identified	as	being	in	involved	in	defoliation	of	cotton	

plants.	This	work	highlights,	for	the	first	time,	genetic	differences	between	

Australian	and	international	defoliating	VCG1A	V.	dahliae.	
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