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Oral	Presentations:	
	
Multilocus	genotyping	and	distribution	of	members	of	the	Colletotrichum	gloeosporioides	
species	complex	in	apple	orchards	of	North	Carolina	
	
Brianna	L.	Hoge	
	
Glomerella	leaf	spot	is	an	economically	important	foliar	and	fruit	disease	of	apple	(Malus	domestica)	caused	by	fungi	
in	the	Colletotrichum	gloeosporioides	(Cg)	species	complex.	These	fungi	cause	leaf	and	fruit	spots,	resulting	in	yield	
loss	and	premature	defoliation	of	trees.	While	several	studies	have	characterized	the	genotypic	diversity	of	species	
complexes	within	Colletotrichum,	limited	information	is	available	on	pathogen	diversity	on	apple	cultivars	in	North	
Carolina	(NC).	Consideration	of	both	pathogen	and	host	factors	individually,	as	well	as	information	on	the	interplay	of	
these	factors	regarding	disease	incidence	and	severity	are	crucial	to	developing	sustainable	management	practices.	
The	primary	objective	of	this	study	was	to	examine	the	genetic	diversity	of	field	populations	of	Cg	sampled	from	
infected	fruits	and	leaves	of	cultivars	Gala,	Golden	Delicious,	Pink	Lady,	Granny	Smith,	and	Yellow	Transparent	in	15	
orchards	in	NC.	Genomic	DNA	was	extracted	from	a	phenotypically	diverse	subsample	(n=100)	of	150	isolates	and	
sequence	analysis	of	four	independent	genetic	loci	was	performed	to	identify	multi-locus	haplotypes	(MLH).	Three	of	
the	eight	MLHs	were	identified	as	Cg,	C.	fructicola,	and	C.	acutatum,	and	were	sampled	from	leaves	and	fruit	of	three	to	
four	cultivars.	These	results	are	consistent	with	the	phylogeny	inferred	using	RAxML,	in	which	three	distinct	lineages	
were	found	to	coincide	with	defined	species	of	Colletotrichum.	In	this	subsample,	there	was	no	clear	association	of	
MLH	or	lineage	with	a	specific	apple	cultivar,	but	evidence	suggests	that	populations	are	geographically	structured.		
	
Living	Fungi	in	sea	salts:	Their	implications	for	food	spoilage	
	
Megan	N.	Daniels	and	Kathie	T.	Hodge		
Cornell	University,	School	of	Integrative	Plant	Science,	Plant	Pathology	&	Plant-Microbe	Biology.	Ithaca,	NY,	14853-
5904,	USA.	MND24@Cornell.edu		

Sea	salts	are	produced	in	salterns,	environments	that	harbor	diverse	fungi	adapted	to	harsh	conditions.	In	light	of	this,	
the	prevailing	assumption	that	sea	salt	is	inhospitable	to	all	microorganisms	needs	to	be	reconsidered.	Sea	salt	may	be	
a	source	of	spoilage	mold	inoculum	when	used	as	a	food	ingredient.	The	purpose	of	this	study	was	to	quantify	and	
identify	fungi	present	in	commercial	sea	salts	and	to	assess	how	community	composition	varies	among	salts	of	
different	origins.	Filamentous	fungi	present	in	seven	commercially	available	sea	salts	were	isolated	using	filtration,	
cultured,	and	quantified.	The	isolates	were	identified	by	DNA	sequencing	of	a	barcode	region.	Using	ordination	
analysis,	the	composition	of	fungal	communities	among	salts	was	assessed	relative	to	salt	origins.	Every	sea	salt	
contained	viable	fungi,	ranging	from	0.07	to	1.71	CFU/g	salt,	with	significant	variation	among	salts	
(p=0.021).	Aspergillus,	Cladosporium,	and	Penicillium	were	the	most	abundant	genera	isolated.	Ordination	analysis	
indicated	fungal	community	compositions	in	salt	were	not	significantly	different	between	salts	originating	from	the	
Atlantic	and	Pacific	oceans	(ANOSIM	R=-0.012,	p=0.46).	Many	species	found	have	been	previously	isolated	from	
solar	salterns,	and	our	data	suggest	these	fungi	may	survive	and	remain	viable	in	salt	destined	for	the	
consumer.	Thus	sea	salt	may	be	a	previously	unrecognized	source	of,	for	e.g.,	Cladosporia	and	Penicillium	spoilage	of	
cured	meat	products.	The	fungi	present,	including	mycotoxigenic	molds,	are	concerning	and	pose	a	spoilage	risk	to	
certain	foods	made	with	sea	salt.	

Field	Application	of	Polyethylene	Glycol	8000	as	a	Control	for	White-Nosed	Syndrome	in	
Naïve	Bats	

M.	Kershner,	D.	Gavlock,	A.	Mills,	and	B.E.	Overton*		

Lock	Haven	University,	Department	of	Biology,	Lock	Haven,	PA	17745.	

The	objectives	of	this	study	are	to	evaluate	the	efficacy	of	PEG-8000	as	a	WNS	control	in	roost	treatments	and	direct	
application	on	bats.		Prior	to	introduction	of	naïve	bats	(no	Pd	exposure	history),	3	cages	were	built	in	Canoe	Creek	
mine,	PA	and	swabs	of	sediment	taken	to	determine	fungi	present	at	application	sites.		A	Pd	isolate	was	obtained	from	
a	swab	taken	and	used	as	inoculum.		A	1	mL	aliquot	(2000	conidia/mL)	was	placed	onto	autoclaved	sediment.		This	
was	repeated	for	each	cage	and	sediment	was	then	added	to	the	cage	where	bats	would	roost.		In	cage	1,	PEG-8000	
was	applied	directly	to	the	left	wing	of	every	bat	when	introduced.		The	roosting	site	of	cage	2	(sediment	and	screens)	
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received	the	PEG-8000	treatment	at	the	time	of	inoculation.		Cage	3	was	the	control	and	received	no	PEG-8000	
treatment.		Naïve	bats	from	Wisconsin	were	fitted	with	data	loggers	to	measure	arousal	rates,	weighed,	and	then	
placed	into	each	cage	10	days	after	sediment	inoculation.		Based	on	swabbing,	Pd	was	only	isolated	from	Cage	2,	but	
other	native	Ps	were	abundant	in	the	mine	(all	cages)	sampled	prior	to	treatment.		At	a	month	into	hibernation,	
increased	arousal	rates	suggest	a	predator	was	acting	as	a	nuisance	to	the	bats.		Following	a	hibernation	period	of	two	
months,	bats	were	dead	from	predation	with	control	bats	all	but	consumed.		UV	diagnostic	tests	determined	that	bats	
in	cage	2	remained	uninfected.		UV	testing	indicated	that	direct	treatment	of	bat	wings	were	positive	for	WNS	
infection	(treated	and	untreated	sides).	This	experiment	served	as	our	secondary	control	because	all	bats	in	the	
control	group	were	consumed.		Preliminary	results	indicate	that	PEG-8000	is	effective	at	treating	Pd	at	roost	sites,	but	
not	in	direct	application	of	bat	wings.		Arousal	data	shows	that	bats	in	the	roost	treated	cage	were	indeed	alive	as	long	
as	bats	in	the	non-treated	cages.			

Is	dieback	in	weeds	due	to	the	absence	of	protective	endophytes,	or	the	presence	of	
putative	pathogens?	
	
Tracey	V.	Steinrucken1,3,	Andrew	Bissett2,	Jeff	R.	Powell1,	Rieks	D.	van	Klinken3,	Anil	K.H.	Raghavendra3	and	Matteo	
Garbelotto4	
	
1	Western	Sydney	University	Locked	Bag	1797,	Penrith,	NSW	2751,	Australia	
2	CSIRO	GPO	Box	2583,	Brisbane,	Qld	4001,	Australia	
3	CSIRO	GPO	Box	1538,	Hobart	Tas,	7001,	Australia	
4	University	of	California	Berkeley,	54	Mulford	Hall,	Berkeley,	CA	94720,	USA	
	
Dieback	in	some	invasive	plant	populations	has	resulted	in	levels	of	control	not	previously	achieved	by	other	methods,	
and	therefore	raises	the	possibility	of	biological	control	of	weeds,	using	dieback.	Parkinsonia	aculeata	is	a	weed	of	
national	significance	in	Australia.	The	composition	of	parkinsonia’s	microbial	endophyte	communities,	or	
’phytobiome’,	suggests	that	multiple	endophyte	species	may	be	responsible	for	dieback.	Since	dieback	does	not	occur	
in	the	native	range,	we	hypothesized	that	native-range	parkinsonia	hosts	an	endophyte	community	that	“protects”	its	
host	against	dieback-causing	agents,	whereas	introduced	parkinsonia	does	not.	Hence,	dieback	may	be	caused	by	
pathogens	encountered	by	invasive	parkinsonia	upon	its	introduction	to	Australia.	To	test	this	hypothesis	we	compare	
microbial	DNA	from	healthy	parkinsonia	sampled	in	the	USA,	to	DNA	from	healthy	and	dieback-affected	parkinsonia	
in	Australia.	Using	Next-Gen	Illumina	sequencing	we	identified	species	of	fungal,	bacterial	and	archaeal	endophytes	
that	are	unique	to	the	country	from	which	they	were	sampled.	We	also	found	evidence	that	some	of	these	endophytes	
are	vertically	transmitted,	but	others	are	not,	suggesting	that	parkinsonia	may	have	lost	potentially	protective	
endophytes	upon	introduction	to	Australia,	thereby	reducing	its	capacity	to	fight	generalist	pathogens	that	cause	
dieback.	This	study	describes	a	novel	way	to	analyze	multiple	microbial	taxa	using	a	single	high-throughput	method.	
Although	many	plant	diseases	are	caused	by	single	putative	pathogens,	we’ve	shown	that	parkinsonia	dieback	may	be	
caused	by	interactions	between	endophyte	communities.	These	results	will	lead	to	further	insights	into	the	biological	
control	of	dieback-affected	weeds	globally.	

Breaking	the	taxonomic	logjam	in	Fusarium	solani	
	
David	M.	Geiser,	Penn	State	University	
	
Fusisporium	solani	was	described	as	the	causal	agent	of	a	dry	rot	of	potato	in	Germany	in	the	mid	19th	century.	As	
Fusarium	solani,	the	species	became	known	as	a	plurivorous	pathogen	and	decomposer	of	plants	and	as	an	
opportunistic	pathogen	of	humans.	In	parallel,	however,	it	became	evident	that	the	morphologically	defined	species	F.	
solani	represents	a	phylogenetically	and	biologically	complex	group	of	often	morphologically	cryptic	species	that	has	
come	to	be	known	as	the	Fusarium	solani	species	complex	(FSSC),	accommodating	several	formae	speciales,	and	
mating	populations/biological	species.	The	FSSC	currently	includes	more	than	60	phylogenetic	species.	Several	of	
these	have	been	named,	but	the	majority	remains	unnamed	and	the	identity	of	Fusarium	solani	sensu	stricto	is	unclear.	
To	promote	further	taxonomic	developments	in	the	FSSC,	lecto-	and	epitypification	is	suggested	for	F.	solani.		There	is	
apparently	no	type	material	for	Fusisporium	solani	but	the	species	was	abundantly	illustrated	in	the	protologue;	this	
illustration	is	selected	as	the	lectotype.	The	epitype	selected	here	originates	from	a	rotting	potato	collected	in	a	field	in	
Slovenia,	not	far	from	the	presumed	type	locality	of	Bavaria	(Germany).	This	strain	causes	a	dry	rot	of	artificially	
inoculated	potatoes			It	clusters	in	heretofore	unnamed	phylogenetic	species	5	of	Clade	3	of	the	FSSC	(FSSC	5);	
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members	of	this	phylogenetic	species	have	a	wide	geographic	distribution	and	include	plant	and	opportunistic	human	
pathogens.		This	typification	is	consistent	with	the	original	description	of	Fusisporium	solani	and	the	concept	of	F.	
solani	as	a	widely	distributed	plant	and	opportunistic	human	pathogen.	
	
Trust	or	verify?	Fungal	resources	at	NCBI	to	improve	accuracy		
	
Conrad	L.	Schoch,	Barbara	Robbertse	
National	Library	of	Medicine,	NCBI,	45	Center	Drive,	MSC	6510,	Bethesda,	Maryland,	20892,	USA	

As	part	of	the	International	Nucleotide	Sequence	Database	Collaboration	(INSDC)	GenBank	fulfils	a	dual	role,	acting	as	
archive	as	well	as	database.	We	will	present	ways	to	enhance	and	improve	fungal	identification,	despite	these	
constraints.	This	will	involve	elucidating	recent	efforts	to	improve	the	database	representations	by	focusing	on	sets	of	
well	defined,	high	profile	genera.	As	part	of	this	process	continued	efforts	to	annotate	sequences	obtained	from	type	
and	reference	material	at	NCBI	Taxonomy	will	be	discussed.	The	potential	for	fast	verification	of	taxonomic	accuracy	
in	full	fungal	genomes	will	also	be	assessed.			

Isolation	of	fungi	from	Guano	and	Mine	debris	Post	White	Nose	Syndrome	Invasion	

G.	Devlin,	D.	Gavlock,	M.	Alexa	and	B.	E	Overton*	(2016)		

Lock	Haven	Unversity.	Lock	Haven,	PA	17745.	

Pseudogymoascus	destructans	(Pd),	the	causal	agent	of	white	nose	syndrome	(WNS)	is	sweeping	North	America	and	
has	killed	nearly	6.5	million	bats	in	the	Northeast.	It	is	unclear	how	Pd	has	changed	the	fungal	ecology	associated	with	
bat	guano	and	mine	debris,	and	whether	Pd	can	colonize	bat	guano.	The	objectives	of	this	study	were	to	elucidate	
fungal	ecology	post	WNS	invasion,	and	to	determine	whether	native	Pseudogymnoascus	species	(Ps)	and	Pd	can	be	
found	colonizing	bat	guano	or	in	mine	debris	near	bat	guano.	Samples	of	bat	guano	or	mine	debris	were	direct	plated,	
isolated	into	pure	culture,	then	identified	based	on	morphology	and	DNA	sequencing	using	the	ITS	rDNA	bar	code	
region	for	genus	and	species	level	identification,	respectively.	The	next	step	was	to	develop	a	new	method	to	exclude	
fast	growing	fungi	(Zygomycetes)	using	acidified	Rose-Bengal	agar	and	dilution	plating.	The	species	obtained	from	the	
direct	plating	method	were	predominantly	in	the	genus	Mucor,	and	Mortierella		both	fast	growing	Zygomycetes.		DNA	
barcoding	allowed	species	level	recognition	with	morphotypes	being	identified	as	the	following:	Helicostylum	elegans,	
Mucor	flavus,	Mortierella	polycephala,	Mortierella	reticulata,	Mucor	circinelloides,	Thamnidium	elegans,	Helicostylum	
pulchrum,	Penicillium	expansum	and	Mucor	racemosus.	All	identified	species	displayed	over	a	99%	match	with	a100%	
query	coverage	by	blast	analysis.	Dilution	plating	on	acidified	Rose-Bengal	agar	allowed	for	slower	growing	fungi	to	
be	obtained	in	high	frequency	comprising	six	different	morphotypes.		Two	species	of	native	Ps	were	isolated	from	
guano	consistent	with	a	previously	published	European	paper	using	environment	sequencing.	This	is	the	first	time	
native	Ps	species	have	been	isolated	into	pure	culture	from	bat	guano.		Based	on	this	study	Pd	does	not	appear	to	be	
associated	with	bat	guano	post	(WNS)	invasion	nor	that	Pd	negatively	changed	the	fungal	ecology	associated	with	bat	
guano	prior	to	WNS	invasion.	

Phylogenetic	analysis	of	native	Pseudogymnoascus	species	and	description	of	
conidiogenesis.	
	
M.	Cravener	and	B.	Overton*	(2016)	
	
Lock	Haven	University.	Lock	Haven,	PA	17745	
	
White-Nose	Syndrome	is	causing	the	death	of	millions	of	bats	across	North	America.	Pseudogymnoascus	destructans	
(Pd)	has	been	determined	to	be	the	main	causative	agent	for	the	epidemic.	There	are	several	native	species	closely	
related	to	Pd	that	have	yet	to	be	described.	Students	from	Lock	Haven	University	isolated	a	novel	species	of	
Pseudogymnoascus	(Ps)	from	the	wing	of	a	moribund	Myotus	lucifugus	that	was	resistant	to	high	levels	of	matric	stress	
unlike	Pd		and	other	Ps	isolates	which	are	susceptible	to	PEG-8000.	The	purpose	of	this	study	was	to	elucidate	the	
phylogenetic	placement,	the	morphological	characters,	and	conidiogenesis	of	this	matric	tolerant	species	for	
preparation	of	a	manuscript	in	order	to	describe	as	a	new	species.	The	PEG-tolerant	isolate	was	cultured	onto	
acidified	Sabouraud	dextrose	agar	(ASAB)	at	21°C	and	9°C	for	morphological	comparison.	DNA	was	extracted	using	a	
PowerSoil	kit	followed	by	PCR	using	DreamTaq	and	primers	that	amplified	the	ITS	rDNA	region.	The	DNA	was	
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sequenced	at	the	Penn	State	core	facility.	Phylogenetic	analysis	was	completed	using	MEGA	5.05	and	compared	with	
gene	trees	for	published	undescribed	species.	The	culture	was	analyzed	under	DIC	to	determine	basic	morphology.	
Calcofluor-white	stain	was	used	to	visualize	abscission	scars	to	determine	mode	of	conidiogenesis.	Colonies	on	ASAB	
are	white;	colony	reverse	produces	pink	to	brown	diffusible	pigment;	hyphae	measure	an	average	of	2.18	µm;	conidia	
are	1.9-3.01	x	1.85-2.61	µm	with	prominent	scars	at	one	or	both	ends,	terminal,	polar,	or	u-shaped.	The	Calcofluor-
white	was	absorbed	by	the	novel	species	which	is	a	key	diagnostic	character	as	not	all	fungi	absorb	the	stain.	This	trait	
is	shared	with	Pd.	The	novel	species	grows	faster	at	21°C	at	0.97	mm	per	day,	but	is	psychrotolerant,	growing	at	9°C	at	
a	rate	of	0.54	mm	per	day.	The	conidiogenesis	was	determined	to	be	blastoarthric	based	on	the	shape	and	patterning	
of	developing	conidia.	Pseudogymnoascus	turnerii	is	the	proposed	name	for	this	novel	species.	
	
Fungi	Baiting	and	Biodegradation	of	Polyethylene	

C.	M.	Krueger,	Z.	J.	Hough,	and	B.	E.	Overton*	(2016)	

Lock	Haven	University,	Lock	Haven,	PA	17745	

Microplastic	pollution	is	a	world-wide	problem	of	significant	ecological	concern.		The	objectives	of	this	study	were	to	
compare	fungi	isolated	from	polyethylene	baits	to	fungi	obtained	from	other	environmental	sources	(plant	
endophytes)	for	their	ability	to	degrade	microplastics.	Polyethylene	bait	was	buried	for	a	month	in	tea	bags	filled	with	
pieces	cut	from	a	water	bottle.		Four	endophytic	fungi	isolated	from	Equisetum,	and	2	fungi	commonly	known	as	
human	pathogens,	Fusarium	keratoplasticum,	and	Stachybotrys	chartarum,	respectively,	were	compared	to	fungi	
obtained	from	baiting.		Fungi	were	observed	on	the	bait	using	Calcofluor-white	staining	and	a	BX	53	research	
microscope.		Plastic	strips	were	placed	on	acidified	sabouraud	dextrose	agar	and	fungal	isolates	obtained	into	pure	
culture	using	hyphal	tipping.		The	isolates	were	subcultured	onto	media	with	powdered	high	density	(HDP)	or	low	
density	polyethylene	(LDP),	and	then	analyzed	for	growth.	The	isolates	were	tested	for	the	presence	of	laccase	using	a	
previously	published	method.		Three	variations	of	the	laccase	assay	were	utilized	to	test	for	activity.		DNA	sequencing	
of	the	ITS	rDNA	region	and	BLAST	analysis	of	the	baited	polyethylene	identified	isolates	as	Trichoderma	virens	and	
Fusarium	equiseti.		Fusarium	isolates	were	tested	for	their	ability	to	form	a	biofilm	in	liquid	media	amended	with	
plastics.		Fusarium	equiseti	exhibited	the	greatest	growth	on	the	high	density	plates	with	a	length	of	5.4	cm,	and	
Trichoderma	virens	exhibited	the	highest	growth	on	the	low	density	plates	with	the	length	of	3.5	cm.	Results	of	the	
laccase	test	were	difficult	to	interpret.		Sordaria	fimicola,	Nigrospora	sphaerica,	and	Fusarium	keratoplasticum	tested	
positive	for	laccase	only	when	copper	was	added	to	the	medium.	Stachybotrys	chartarum	and	Fusarium	
sporotrichioides	gave	inconclusive	results	due	to	natural	pigmentation.	Trichoderma	virens,	Fusarium	equiseti,	
Colletotrichum	acutatum	all	tested	negative	for	laccase	under	all	conditions.		For	the	biofilm	assay,	Fusarium	equiseti	
demonstrated	the	most	growth.		Overall	the	fungi	obtained	from	the	bait	were	capable	of	the	better	growth	on	plastics	
than	fungi	isolated	from	other	environmental	substrates.		

The	use	of	thermotherapy	to	treat	Calonectria	pseudonaviculata	in	boxwood	

Megan	E.	Miller	and	Dr.	Marc	A	Cubeta	
Department	of	Plant	Pathology,	North	Carolina	State	University	
E-mail:	memill15@ncsu.edu	
	
Heat	treatments	have	long	been	used	to	inactivate	pathogens	surviving	in	seeds	and	bulbs,	but	few	have	investigated	
the	use	of	heat	to	inactivate	pathogenic	fungi	in	leaves	of	woody,	ornamental	plants.	Boxwood	blight,	caused	by	
Calonectria	pseudonaviculata,	(Cps),	a	fungal,	foliar	pathogen	of	boxwood,	is	unaffected	by	curative	fungicides	forcing	
the	boxwood	industry	to	rely	on	cultural	control	methods,	such	as	thermotherapy,	to	prevent	spreading	the	pathogen	
during	propagation.	Experiments	determining	the	abilities	of	both	the	host,	commercial	boxwood	cultivars,	and	the	
infectious	propagule,	Cps	conidia,	to	survive	exposure	to	hot	water	were	performed.		Spore	solutions	of	conidia	from	
three	isolates	of	Cps	were	exposed	to	temperatures	ranging	from	45°C	to	55°C	for	0	to	20	min.	Treated	spores	were	
spread	on	PDA,	and	percent	spore	germination	was	assessed	after	24	hours	by	checking	for	the	presence	or	absence	of	
a	germ	tube.	The	pathogen	required	treatment	at	45°C	for	16	min	and	at	55°C	for	4.5	min	to	prevent	90%	of	conidia	
from	germinating.	To	determine	whether	cuttings	from	partially	resistant	boxwood	cultivars	could	produce	roots	
after	exposure	to		temperatures		lethal	to	Cps	conidia,	cuttings	were	submerged	in	water	heated	to	45°C,	47.5°C,	50°C,	
and	55°C	for	0	to	60	min	and	evaluated	for	root	development	after	86-91	days.	Root	production	varied	by	cultivar,	
with	Asiatic	species	producing	more	roots	than	European	species	after	exposure	to	heat.	Further	experimentation	will	
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determine	whether	thermotherapy	will	be	effective	against	Cps	in	planta	and	whether	heat	treated	conidia	are	still	
infective.	

Potential	plant	growth	promotion	and	biological	control	of	pathogenic	soil	fungi	with	
endophytic	strains	of	Mortierella	elongata.	

Authors:	Lindsey	E.	Becker,	Khalid	Hameed,	Jessie	Uehling,	Rytas	Vilgalys,	Megan	Andrews,	James	Rebenski,	and	Marc	
A.	Cubeta.	

Endophytic	strains	of	the	fungus	Mortierella	elongata	isolated	from	the	roots	of	Populus	deltoides	have	been	recently	
shown	to	increase	the	growth	of	corn,	tomato	and	red	oak-	planted	in	sterilized	sand	and	field	soil	(Vilgalys	and	
Hameed,	unpublished).			The	overarching	goal	of	our	research	is	to	determine	the	growth	promoting	potential	of	M.	
elongata	on	the	Solanaceous	ornamental	plant	Calibrachoa	and	the	ability	of	the	fungus	to	suppress	diseases	caused	
by	Rhizoctonia	solani	and	Thielaviopsis	basicola.		In	addition	to	comparing	isolates	of	M.	elongata,	we	are	also	
investigating	whether	the	presence	or	absence	of	the	bacterial	endosymbiont	Candidatus	Glomeribacter	sp.	influences	
plant	growth	promotion	and/or	disease	suppression.			Experiments	are	currently	in	progress	to	assess	the	relative	
impact	of	amending	pasteurized	sand	with	M.	elongata	(5%	v/v)	on	seed	germination,	seedling	emergence,	plant	
height,	root	growth,	and	flowering	of	Calibrachoa.		

Additional	experiments	have	been	conducted	to	identify	and	quantify	siderophores	(compounds	that	chelate	and	
transport	iron)	from	four	isolates	of	M.	elongata	(with	and	without	endosymbiotic	bacteria),	R.	solani	and	T.	basicola	
using	the	CAS	assay	of	Duckworth	and	Andrews.		

Sink	drains	to	sea	turtle	eggs:	unraveling	the	ecology	and	epidemiology	of	infectious	fusaria	
in	humans	and	animals	

Smyth,	Christophera,*,	J.	M.	Sarmiento-Ramírezc,	D.	Short	b,		J.	Diéguez-Uribeondoc,	D.	Geisera,		
aDepartment	of	Plant	Pathology	and	Environmental	Microbiology,	Penn	State	University,	University	Park,	PA	16802	
bDepartment	of	Plant	Pathology,	West	Virginia	University,	Morgantown,	WV	
CSpanish	National	Research	Council,	Real	Jardin	Botanico	de	Madrid,	Madrid,	Spain		
*Corresponding	author:	cws187@psu.edu	
	
Emerging	fungal	diseases	of	wildlife	are	increasingly	common,	with	devastating	consequences	for	biodiversity	and	
ecosystem	health.	White	nose	syndrome,	snake	fungal	disease	and	chytridiomycosis	of	amphibians	are	all	examples	of	
fungal	diseases	that	have	taken,	and	continue	to	take,	a	major	toll	on	populations	of	bats,	snakes,	and	frogs,	
respectively.	Fusarium	keratoplasticum	(Fk)	and	Fusarium	falciforme	(Ff)	have	been	implicated	in	mass	mortalities	in	
the	nests	of	endangered	sea	turtles.	These	are	common,	cosmopolitan	species	of	filamentous	fungi	that	are	known	
opportunistic	pathogens	of	immunosuppressed,	and	sometimes	healthy,	humans.	Ff	is	an	ubiquitous	soil-associated	
species,	while	Fk	occurs	more	frequently	in	areas	under	high	anthropogenic	influence,	particularly	in	sink	drains	and	
in	human	infections.	Unravelling	their	genetic	diversity	and	population	structure	is	integral	to	elucidating	the	ecology	
and	epidemiology	of	the	fusaria	implicated	in	both	clinical	and	sea	turtle	egg	diseases.	Both	species	show	high	levels	of	
genetic	diversity,	and	known	anthropogenic	isolates	of	Fk	are	dominated	by	an	expanding	clone	complex.	Fusarium	
isolated	from	sea	turtle	eggs	may	offer	a	key	to	understanding	the	global	population	biology	of	these	two	species.	The	
results	from	this	research	will	allow	for	inferences	to	be	made	regarding	the	epidemiology	of	Fusarium	infections	in	
sea	turtle	eggs	and	humans,	as	well	as	the	impact	of	anthropogenic	versus	natural	environments	on	population	
structure.	

Detection	of	Volatile	Organic	Compounds	Associated	with	Green	Mold	Disease	within	
Agaricus	bisporus	Compost	Substrate	
	
Morrison,	Garretta,	Beyer,	Davida,	Elias,	Ryanb,	Pecchia,	Johna*	
aPlant	Pathology	and	Environmental	Microbiology,	The	Pennsylvania	State	University,	PA	16801	
bFood	Science,	The	Pennsylvania	State	University,	PA	16801	
*Corresponding	author:	jap281@psu.edu	
	
Preparation	of	high-yielding	Agaricus	bisporus	mushroom	substrate	is	a	proven	science	and	art.	Experienced	members	
of	the	mushroom	industry	are	able	to	recognize	off-odors	throughout	the	composting	and	growing	process,	such	as	
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anaerobic	conditions	or	green	mold	disease.	Current	technologies	(i.e.	tunnels,	bunkers)	distance	the	compost	
producers	from	the	process	and	inhibit	this	sensory	mechanism	that	has	been	a	proven	source	of	assessing	compost	
quality.	Trichoderma	aggressivum,	the	causal	agent	of	green	mold	disease,	remains	one	of	the	greatest	challenges	to	
the	industry	despite	our	advanced	composting	and	sanitation	practices.	Early	identification	of	the	organism	will	
provide	a	mechanism	for	quality	control	and	determine	the	source	of	inoculum.	Headspace	air	sampling	and	analysis	
using	gas	chromatography-mass	spectrometry	is	capable	of	identifying	even	trace	amounts	of	volatile	organic	
compounds	(VOCs)	associated	with	competitor	molds	and	pathogens.	My	research	seeks	to	associate	T.	aggressivum	
infestation	of	phase	III	compost	with	the	presence	of	unique	VOCs.	Phase	II	compost	inoculated	with	A.	bisporus	grain	
spawn	and	T.	aggressivum	infested	grain	was	placed	into	a	miniature	phase	II/III	tunnel,	or	bioreactor.	Volatiles	were	
collected	on	to	solid-phase	microextraction	(SPME)	fibers	allowed	for	VOC	monitoring	throughout	a	14day	spawn	run.	
The	results	from	these	analyses	will	be	used	in	the	calibration	of	a	portable-MS.	Once	completed,	a	portable-MS	will	
then	be	capable	of	detecting	the	presence	of	green	mold	in	phase	II	or	phase	III	compost	prior	to	filling	houses	and	
identifying	disease	development	earlier	in	the	cropping	process.		
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Posters:	

Exploring	Biological	Control	as	an	Alternative	to	Conventional	Fusarium	Head	Blight	
Mitigation		

Anita	L.	Behari,	and	Gretchen	A.	Kuldau.		Department	of	Plant	Pathology	and	Environmental	Microbiology,	The	
Pennsylvania	State	University,	University	Park,	PA	16802.	

Fusarium	Head	Blight	(FHB)	is	a	fungal	disease	of	wheat	and	other	cereals	caused	by	certain	species	of	Fusarium,	
including	F.	graminearum	and	F.	culmorum.	Exacerbating	disease	and	complicating	post-harvest	processing	is	the	
production	and	accumulation	of	the	mycotoxin	and	virulence	factor,	deoxynivalenol	(DON).	DON	is	an	inhibitor	of	the	
eukaryotic	ribosome,	and	in	toxicological	studies	has	been	shown	to	affect	the	gastrointestinal,	endocrine,	and	
immune	systems	of	humans	and	animals.	Current	mitigation	strategies	for	FHB	include	crop	rotations	with	non-hosts,	
planting	moderately	resistant	varieties	of	wheat,	and	fungicides,	but	even	in	conjunction	these	strategies	offer	
minimal	to	moderate	control	if	environmental	conditions	are	conducive	to	disease	development.	In	recent	years,	the	
exploration	of	biological	control	agents	for	FHB	has	gained	popularity	as	an	alternative	to	conventional	mitigation	
strategies.	Our	research	contributes	to	this	exploration	through	media	based	screening	of	soil,	silage,	and	plant	
material	for	F.	graminearum	inhibiting	and	DON	degrading	microbes	for	FHB	mitigation.	Of	33	microbes	screened	
from	conventional	and	organic	soil,	six	have	been	found	to	inhibit	F.	graminearum,	while	DON	degrading	abilities	are	
still	under	investigation.	Isolating	microbes	exhibiting	the	aforementioned	abilities	from	a	diverse	range	of	sources	
will	allow	for	the	individual	mechanisms	behind	these	abilities	to	be	studied,	as	well	as	the	potential	common	genetic	
basis.		

Exploring	the	potential	mycorrhizal	interaction	between	Morchella	and	associated	tree	
species	in	central	Pennsylvania	

Hunter	R.	Swisher,	and	Gretchen	A.	Kuldau.	Plant	Pathology	and	Environmental	Microbiology,	The	Pennsylvania	State	
University,	University	Park,	PA	16802.	

Among	the	many	edible	fungi	foraged	for	human	consumption,	members	in	the	genus	Morchella	tend	to	be	one	of	the	
most	sought	after.		In	Pennsylvania	it	is	common	to	repeatedly	find	morels	fruiting	in	similar	ecological	environments,	
especially	in	relation	to	specific	tree	species.		Due	to	the	short	fruiting	period	in	the	spring,	understanding	the	
potential	mycorrhizal	relationships	that	may	exist	between	certain	members	of	the	genus		Morchella	and	tree	species	
could	help	predict	fruiting	patterns	as	well	as	offer	more	evidence	for	mycologists	attempting	to	understand	the	life	
cycle.		Here	we	present	two	approaches,	one	documenting	ascocarp	fruiting	patterns	and	one	using	a	controlled	
environment	setting.		In	the	first	part,	we	aim	to	identify	ascocarp	production	patterns	in	relation	to	specific	tree	
species,	with	a	focus	on	those	in	the	genera	Fraxinus	and	Ulmus.		By	collecting	morel	fruit	bodies	and	measuring	their	
exact	location	relative	to	nearby	trees	at	multiple	sites	for	multiple	years,	we	constructed	maps	that	allow	a	visual	
analysis	of	some	local	sites.	We	determined	the	species	identity	of	the	collected	Morchella	ascocarps	by	sequencing	
the	ITS	region	of	the	rDNA,	and	by	visual	examination	of	morphological	characters.		Initial	DNA	sequence	results	
indicate	ascocarps	collected	are	Morchella	americana.		We	are	also	working	to	assess	whether	mycorrhizal	
associations	exist	between	Morchella	and	local	trees	by	conducting	inoculation	experiments	under	controlled	
conditions	using	local	seeds,	soil,	and	Morchella	isolates.		The	data	that	has	been	compiled	from	exploring	these	two	
aspects	of	this	research	will	be	presented.	

Transcriptome	sequencing	sheds	light	on	host-symbiont	interactions	between	zygomycete	
Mortierella	elongata	and	endosymbiont	C.	Glomeribacter	sp.	

Jessie	Uehling1,	Fred	Dietrich1,	Kerrie	Barry2,	Igor	Grigoriev2,	Alan	Kuo2,	Robin	Ohm2,	Anna	Lipzen2,	Matt	Nolan2,	Kurt	
LaButti2,	Jessy	Labbé3,	Gregory	Bonito4,	Francis	Martin5,	Rytas	Vilgalys1	

Duke	University1,	US	Department	of	Energy	Joint	Genome	Institute2	Oak	Ridge	National	Laboratory3,	Michigan	State	
University4	Institut	National	de	la	Recherche	Agronomique5	
	
Several	research	groups	have	recently	investigated	the	ubiquity	and	dynamics	of	bacterial	endosymbionts	living	
inside	of	fungal	cells.	There	are	a	few	studies	on	fungal	hosts	belonging	to	Asco-	and	Basidiomycota,	however,	the	
best-studied	examples	of	endosymbiosis	in	fungi	are	from	plant-associated	zygomycetes.	Best	studied	in	the	
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Arbuscular	Mycorrhizal	(AM)	fungi,	these	endosymbionts	are	thought	to	be	obligate,	long-term	residents	of	the	
intracellular	environment	where	they	may	contribute	to	both	fungal	and	plant	health,	although	the	direct	or	indirect	
nature	of	these	interactions	remain	has	yet	to	be	experimentally	evaluated.	We	isolated	a	strain	of	Mortierella	
elongata	AG77	(Zygomycota,	Mucormycotina,	Mortierellales)	from	the	rhizopshere	of	Populus	deltoides.	We	found	that	
M.	elongata	AG77	harbors	a	strain	of	Candidatus	Glomeribacter	sp.,	and	we	have	assembled	and	annotated	genomes	
for	both	the	host	fungus	and	its	resident	endosymbiont.	The	genome	of	C.	Glomeribacter	sp.	is	similar	to	other	publicly	
available	genomes,	but	also	has	unique	features	potentially	suggesting	distinct	functionality.	In	an	attempt	to	
understand	the	nature	of	the	interaction	between	fungal	host	M.	elongata	and	endosymbiont	C.	Glomeribacter	sp.	we	
used	an	antibiotic	treatment	to	create	a	strain	cleared	of	endosymbiont	populations	for	comparative	studies.	Here	we	
present	comparative	host	fungal	transcriptomes	in	the	presence	and	absence	of	obligate	endosymbiont	C.	
Glomeribacter	sp.	The	following	questions	were	addressed	through	this	work:	Does	endosymbiont	presence	affect	
fungal	host	functioning?	Do	host-endosymbiont	dynamics	of	Mortierella-Glomeribacter	differ	from	those	of	the	
obligate	plant	associated	AM	fungus	Gigaspora-Glomeribacter?	

Identity	of	host	tree	species	may	not	control	the	community	composition	of	ecto-	and	
arbuscular	mycorrhizal	fungi	

Chen,	Weile	a,	Koide,	Roger	b,	Eissenstat,	David	a	

a	IGDP	Ecology	and	Department	of	Ecosystem	Science	and	Management,	The	Pennsylvania	State	University	
b	Department	of	Biology,	Brigham	Young	University	
	
Mycorrhizal	fungi	form	associations	with	most	land	plants	and	benefit	plants	in	nutrient	acquisition.	These	
mycorrhizal	nutritional	benefits	may	depend	largely	on	the	fungal	identities	and	their	community	structures	and	thus	
can	vary	among	host	plants.	However,	to	what	extent	host	species	identity	determines	mycorrhizal	fungal	community	
is	still	largely	unknown.	Local	environmental	conditions	may	also	select	for	certain	groups	of	mycorrhizal	fungi.	This	
study	collected	root	samples	from	arbuscular	mycorrhizal	(AM)	trees	(e.g.	maple,	tulip	poplar)	and	ectomycorrhizal	
(EM)	trees	(e.g.	oak,	pine)	growing	together	at	two	nearby	sites	of	different	soil	properties	in	central	Pennsylvania,	
U.S.A.	One	site	was	derived	from	limestone	and	the	other	derived	from	shale.	Mycorrhizal	fungal	DNA	was	extracted	
from	roots	and	Next-Gen	sequencing	techniques	(Illumina	Miseq)	were	applied	to	identify	the	mycorrhizal	fungal	
species	and	their	community	composition	of	each	plant	host	from	the	two	sites.		

Mycorrhizal	fungal	composition	differed	among	host	plants,	but	the	difference	between	sites	was	even	stronger,	for	
both	AM	and	EM	fungi.	Many	of	the	same	fungal	operational	taxonomic	unites	(OTUs)	were	shared	among	different	
host	species	from	the	same	site.		In	contrast,	the	overlap	of	fungal	OTUs	was	small	for	the	same	host	species	from	
different	sites.	These	results	indicated	that	host	specificity	was	relatively	low	for	mycorrhizal	fungi	associated	with	
the	co-occurring	temperate	trees.	Local	fungal	species	pool	that	was	filtered	by	habitat	conditions	may	be	a	key	driver	
shaping	the	mycorrhizal	fungal	community	composition	for	both	AM	and	EM	trees.		

Assessment	of	Calonectria	pseudonaviculata	microsclerotia	survival	in	compost	over	
varying	times	and	temperatures	
	
Harvey,	Roberta*,	Davis,	Dona,	Pecchia,	Johna	
aPenn	State	University,	Dept.	of	Plant	Pathology	and	Environmental	Microbiology		
University	Park,	Pennsylvania,	16802	
*rjh346@psu.edu	
	
Boxwood	blight	is	an	emerging	threat	to	the	Pennsylvania	nursery	industry,	although	does	not	seem	to	be	widespread	
in	Pennsylvania	despite	repeated	introductions.	The	causal	agent	behind	boxwood	blight	in	the	United	States	
Calonectria	pseudonaviculata	(Cap),	with	a	second	species	C.	henricotiae	found	in	Europe.	Cap	forms	fungal	resting	
structured	called	microsclerotia,	which	are	known	to	be	very	resistant	to	environmental	conditions.	Due	to	this,	there	
is	concern	that	if	infected	plants	are	composted,	the	microsclerotia	could	survive	the	process,	allowing	for	further	
spread.	To	elucidate	this	threat,	a	composting	bioreactor	was	constructed	at	the	Mushroom	Research	Center	at	Penn	
State	University.	Discrete	lab	grown	microsclerotia	were	subjecting	to	24,	48,	and	72	hours	of	composting	at	40,	50,	
and	60	°C.	Results	initially	indicated	pathogen	survival,	however	further	replication	indicated	that	this	was	not	true,	
composting	at	40	°C	for	over	24	hours	should	be	sufficient	for	eradication.	Further	replication	of	these	experiment	will	
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be	performed	to	confirm	these	results,	as	well	as	confirmation	that	microsclerotia	in	infected	plant	material	will	
follow	the	same	eradication	timeline.			

Participatory	matsutake	research	in	rural	Yunnan,	China	

Madeline	Brown,	Tim	McLellan,	Samantha	Karunarathna,	Huili	Li	

Wild	fungi	play	important	roles	in	both	livelihoods	and	ecosystems	across	SW	China.	As	many	as	700	edible	fungi	
species	are	estimated	to	exist	in	Yunnan	Province	alone	(Mortimer	et	al.	2012).	Tricholoma	matsutake	is	a	particularly	
valuable	and	sought-after	wild	mushroom	in	the	region,	where	it	has	inspired	management	conflicts	and	concerns	
about	overharvesting	and	environmental	degradation.	Despite	such	worries,	the	conditions	under	which	matsutake	
populations	thrive	or	decline	remain	disputed	by	scientists	and	harvesters	alike	(Tsing	2015,	Amend	et	al.	2010,	Tsing	
and	Satsuka	2008,	Amaranthus	et	al.	1996).	Following	the	growing	movement	of	participatory	research,	we	designed	
and	conducted	an	experiment	with	mushroom	harvesters	in	one	community	in	Yunnan.	Our	study	drew	on	existing	
local	knowledge	and	practice	to	investigate	whether	shiro-level	management	practices	influence	matsutake	fruiting	
body	production	and	quality.	We	recruited	10	farmers	to	set	up	plots	in	their	private	forests	to	test	each	of	these	four	
conditions:	1)	no	intervention,	2)	cover	fruiting	body/shiro	with	leaves,	3)	cover	with	plastic	wrap,	and	4)	cover	with	
a	raised	plastic	tent.	Results	from	our	first	field	season	indicated	that	the	“no	intervention”	treatment	produced	
significantly	more	matsutake	(kg)	compared	with	each	of	the	human	interventions.	Equally	interesting	results	are	that	
local	harvesters	were	keen	to	participate	in	the	experiment	and	expressed	desire	to	be	involved	in	additional	
mushroom	management	experiments	in	the	future.	This	study	demonstrates	the	potential	for	local	knowledge	
practitioners	to	both	inform	and	actively	participate	in	mycological	research.	

Antifungal	Effects	of	1,4-Dimethylnaphthalene	
Stephen	Drozda,	Kelly	Miller	

1,4-Dimethylnaphthalene	(DMN)	is	a	compound	naturally	secreted	by	potatoes	to	prevent	sprouting.	DMN	is	
commercially	synthesized	and	sprayed	on	potatoes	prior	to	shipment.	The	purpose	of	this	research	was	to	determine	
the	antifungal	effects	of	DMN.	Previous	research	showed	that	DMN	inhibited	the	yeast,	Saccharomyces	cerevisiae,	at	a	
concentration	of	100	µM.	DMN	is	currently	being	tested	against	11	different	species	of	fungi	at	varying	concentrations	
to	find	the	minimum	inhibitory	concentration	of	DMN.	DMN	is	added	directly	to	Potato	Dextrose	Agar	(PDA).	Equal	
amounts	of	fungi	are	weighed	and	plated	on	PDA	with	and	without	DMN.	Preliminary	data	shows	that	DMN	kills	eight	
of	the	fungi	species	at	a	concentration	of	100	mM	and	inhibited	growth	of	all	11	species	at	a	concentration	of	10mM.	
Research	is	ongoing,	and	DMN	is	being	tested	against	each	fungus	at	lower	concentrations.	The	results	thus	far	
suggest	that	DMN	will	inhibit	or	kills	many	different	species	of	fungi.	Future	research	should	investigate	the	
mechanism	of	action	of	DMN.	

Genetic	diversity	of	Verticillium	dahliae	populations	associated	with	symptomatic	and	
asymptomatic	hosts	
	
Laura	del	Sol	Bautista-Jalón,	Beth	K.	Gugino,	and	María	del	Mar	Jiménez-Gasco	
Department	of	Plant	Pathology	and	Environmental	Microbiology	
The	Pennsylvania	State	University,	University	Park,	PA.	
		
Verticillium	dahliae,	the	main	causal	agent	of	Verticillium	wilts,	is	able	to	cause	disease	on	over	400	plant	species.	
Management	of	these	diseases	is	challenging	due	to	the	wide	host	range	of	this	fungus,	and	to	the	production	of	long-
term	survival	structures,	microsclerotia.	Traditionally,	plants	that	do	not	show	any	Verticillium	wilt	symptoms	have	
been	considered	to	be	non-hosts	to	V.	dahliae.	The	use	of	crop	rotations	with	non-host	species	has	been	the	primary	
management	strategy,	but	has	often	rendered	inconsistent	results.		Nevertheless,	recent	studies	show	asymptomatic	
infections	by	V.	dahliae	in	weed	and	cultivated	species,	particularly	monocots,	used	frequently	in	rotations	with	
susceptible	species.	The	goal	of	this	research	was	to	compare	the	genetic	diversity	of	three	V.	dahliae	populations	
isolated	from	oat	and	two	potato	cultivars	that	differ	in	disease	susceptibility	that	were	grown	in	rotation	in	the	same	
field.	Populations	were	compared	using	microsatellite	markers,	and	selected	isolates	were	subjected	to	vegetative	
compatibility	group	(VCG)	analysis.		We	observed	an	association	between	population	diversity	and	susceptibility	of	
the	host.	The	endophytic	colonization	of	oat	occurred	only	by	a	limited	number	of	V.	dahliae	haplotypes,	whereas	
potato	was	colonized	by	a	more	diverse	population.	There	were	also	some	correlations	between	microsatellite	
haplotypes	and	VCG;	although	a	same	VCG	was	found	associated	with	different	microsatellite	haplotypes.	V.	dahliae	
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endophytic	interactions	could	have	implications	in	the	diversity	and	structure	of	the	fungal	populations	in	the	soil,	
and	understanding	of	their	biological	and	ecological	role	may	be	crucial	for	efficient	disease	management.	
	
Synthesis	of	Ectomycorrhizae	in	CD	Cases	offers	a	Window	into	Ectomycorrhizal	
Development.	
H.	Van	T.	Cotter,	Hui-Ling	Liao,	Chih-Ming	Hsu,	Rytas	Vilgalys	
Duke	University.		Durham,	North	Carolina.		USA.	
	
Clear	plastic	CD	cases	work	well	as	rhizotrons	for	ectomycorrhizal	synthesis.	The	CD	system	provides	a	window	to	the	
development	of	ectomycorrhizae	and	allows	one	to	open	and	close	the	system	whenever	necessary.		Photographs	can	
be	taken	as	a	time	series	without	disturbing	the	roots	and	fungal	growth.			Fleece	material	is	added	to	the	cases	and	
soaked	with	a	nutrient	solution	to	support	tree	growth.		One	or	more	tree	seedlings	are	added	to	each	case	and	roots	
develop	in	two	dimensions	on	the	fleece	visible	through	the	clear	plastic	of	the	CD	case.		Slanting	the	cases	takes	
advantage	of	root	geotropism	and	helps	keep	the	roots	between	the	fleece	and	plastic.		Watering	is	by	wicking	up	from	
the	bottom.		After	the	tree	seedlings	have	acclimatized,	3-7	days	later,	the	fungus	is	added	as	mycelial	agar	plugs.		
Using	ectomycorrhizal	rootlets	as	inoculum	has	worked	but	not	well.		Plans	are	to	try	spores	and	mycelial	slurries.	
Ectomycorrhizal	rootlets	can	form	rapidly	and	be	evident	less	than	1	week	after	inoculation.			The	fungus	will	produce	
mycelial	fans	and	strands	across	the	surface	of	the	fleece.		The	Pinus	taeda	x	Suillus	cothurnatus	ectomycorrhizal	
partnership	is	used	to	illustrate	the	method,	but	the	method	is	applicable	in	general	to	ectomycorrhizal	relationships.		
Using	this	method,	we	were	able	to	monitor	and	collect	mycorrhizal	roots	in	a	developmental	time	series	to	study	the	
P.	taeda	-	S.	cothurnatus	interaction.		Metatranscriptomic	analysis	will	be	applied	to	the	collected	samples.	
	

Taxonomic	description	of	Fusarium	solani	species	complex	phylogenetic	species	12	(FSSC	
12),	a	fungal	pathogen	of	marine	animals		

Pusey,	Shanea,	Christopher	Smytha*,	and	David	Geisera	

aDepartment	of	Plant	Pathology	and	Environmental	Microbiology,	Pennsylvania	State	University,	University	Park,	PA	
16802	

Fusarium	is	a	diverse	genus,	containing	~300	known	phylogenetic	species	distributed	in	20	phylogenetic	species	
complexes.	Members	of	this	genus	also	play	a	wide	range	of	ecological	roles,	including	as	disease-causing	agents	in	
plants	and	animals.	The	Fusarium	solani	species	complex	(FSSC)	contains	two-thirds	of	all	human	and	animal	
pathogenic	fusaria.		The	approximately	50	species	within	the	FSSC	cannot	be	differentiated	with	traditional	
morphological	techniques,	but	rather	requires	the	use	of	multiple	genetic	markers	in	a	technique	called	multilocus	
sequence	typing.	Most	of	the	isolates	that	fall	into	clade	12	of	the	FSSC	(FSSC	12),	via	a	3-locus	molecular	phylogeny,	
either	played	a	role	in	marine	animal	infections	or	were	found	in	marine	environments.	Infections	by	the	FSSC	12	can	
be	severe,	sometimes	causing	mass	mortalities.	For	example,	in	2012,	Salter	et	al.	reported	a	fusarial	mycosis	
epizootic	that	killed	152	lined	seahorses	(Hippocampus	erectus)	shipped	to	a	public	aquarium.	Other	marine	animals	
reported	with	FSSC	12	infections	include	prawn,	shrimp,	sea	turtles,	sharks,	etc.	Here	we	describe	FSSC	12	as	a	novel	
species	and	characterize	the	physiological	characteristics	that	may	give	it	the	ability	to	infect	marine	animals,	as	well	
as	survive	and	reproduce	in	aquaria	and	other	marine	environments.	

Fusarium	oxysporum	f.sp.	lycopersici:	Small	Chromosomes	Define	Friend	vs	Foe.	

Kristi	A.	Fenstermacher	and	David	M.	Geiser,	Penn	State	

Fusarium	is	a	genus	of	soilbourne,	filamentous	fungi	most	well-known	for	causing	persistent,	devastating	wilt	
diseases	on	almost	every	crop	we	cultivate.	The	Fusarium	oxysporum	Species	Complex	has	no	known	sexual	stage,	but	
pathogens	within	this	group	have	diversified	extensively,	such	that	it	is	divided	into	over	120	formae	speciales	that	
cause	disease	on	different	plant	hosts.	In	2010,	Ma	et	al.	sequenced	Fusarium	oxysporum	f.sp.	lycopersici		(Fol)	to	find	
virulence	loci	of	differing	GC	content	throughout	the	genome,	including	small	chromosomes	that	do	not	match	any	
known	Fusarium	sequences,	contain	genes	with	no	known	homologs,	and	can	convey	pathogenicity	when	transferred	
from	a	pathogenic	strain	to	a	non-pathogenic	relative.	The	conditionally	dispensable	chromosomes	(CDCs)	are	not	
necessary	for	normal	growth	and	development,	and	can	be	lost	in	the	absence	of	selection	pressure,	making	them	
functionally	similar	to	virulence	plasmids	present	in	pathogenic	bacteria.	This	greatly	complicates	disease	models,	but	
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could	account	for	previously	unexplained	phenomena—like	the	high	level	of	diversity	observed	in	a	species	complex	
with	no	sexual	recombination,	and	the	seemingly	inconsistent	number	and	sizes	of	chromosomes	consistently	found	
in	these	plant	pathogens.	This	project	involved	sampling	over	40	sites,	with	and	without	known	cases	of	Fol,	to	
examine	1)	the	prevalence	of	CDCs	where	Fol	is	found,	2)	the	variation	among	CDCs	and	pathogen	phenotypes,	and	3)	
the	variation	within	genetic	backgrounds	harboring	different	CDCs.	This	data	will	help	determine	the	roles	of	these	
chromosomes	in	the	context	of	the	growing	systems	and	populations	in	which	they	are	found,	to	analyze	the	potential	
of	a	previous	or	future	horizontal	chromosome	transfer	events	under	various	conditions,	and	analyze	the	risk	factors	
and	effects	on	our	agricultural	systems.		

Regulatory	roles	of	fungal	volatile	organic	compounds	in	plant	growth	and	pathogenicity	
Ningxiao	Li1,	Vasileios	Bitas2,	Nate	McCartney3,	Jung-Eun	Kim2,	James	Tumlinson1,3,	&	Seogchan	Kang1,2	
1Program	in	Plant	Biology,	2Dept.	of	Plant	Pathology	&	Environmental	Microbiology,	and	3Dept.	of	Entomology,	The	
Pennsylvania	State	University,	University	Park,	PA		
	

Diverse	classes	of	molecules	secreted	by	plant-associated	bacteria	and	fungi	seem	to	affect	plant	health,	growth	and	
development	 both	 directly	 and	 indirectly.	 Among	 them,	 volatile	 organic	 compounds	 (VOCs),	 which	 are	 of	 low	
molecular	 weight	 and	 lipophilic,	 have	 been	 poorly	 studied.	 Due	 to	 their	 ability	 to	 travel	 through	 air,	 liquids,	 and	
porous	 soils,	 VOCs	 can	 mediate	 both	 short-	 and	 long-distance	 organismal	 interactions.	 Animal-	 and	 plant-derived	
volatiles	 in	directing	animal	behaviors	 and	volatile	hormones	as	 a	 language	 for	plant-to-plant	 communication	have	
been	well-documented.	Microbial	VOCs	also	have	been	implicated	as	signals	for	mediating	microbial	interactions	with	
other	microbes,	plants	and	animals.	Accumulated	evidence	from	plant	growth	promoting	rhizobacteria	suggested	that	
certain	 bacterial	 VOCs	 manipulate	 plant	 physiology.	 However,	 the	 available	 knowledge	 on	 similar	 roles	 of	 fungal	
volatiles	is	very	limited.	Fusarium	oxysporum	and	Verticillium	spp.	are	common	soil-borne	fungal	species,	with	some	
strains	causing	vascular	wilt	diseases	in	many	agriculturally	important	plants	around	the	world.	Given	their	economic	
importance,	 it	 is	critical	 to	better	understand	their	ecology	and	pathology.	Recent	studies	 in	our	group	showed	that	
many	 isolates	 of	 F.	 oxysporum	 and	 all	 isolates	 from	 10	 Verticillium	 spp.	 significantly	 promoted	 plant	 growth	 via	
volatile	production.	In	planta,	auxin	signaling	pathway	is	activated	and	responsible	for	fungal	VOC-mediated	growth	
enhancement.	Comparison	of	volatile	profiles	from	three	F.	oxysporum	strains	with	different	degrees	of	plant	growth	
enhancement	suggested	that	volatile	terpenes	are	involved	in	regulating	plant	growth.	Through	targeted	mutagenesis,	
we	began	uncovering	the	nature	of	fungal	VOCs	that	affect	plant	growth	and	their	potential	roles	in	pathogenicity.	This	
research	will	help	uncover	a	novel	mechanism	that	soil-borne	fungal	pathogens	utilize	to	manipulate	host	plants	and	
facilitate	pathogenesis.	Knowledge	gained	 from	this	project	will	potentially	be	 translated	 into	novel	disease	control	
strategies.		
	


