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EXECUTIVE	 SUMMARY:	We	 conducted	 a	 genome-wide	 association	 study	 (GWAS)	 to	 discover	
plant	genes	associated	with	foliar	 fungal	community	composition,	and	with	the	abundance	of	
particular	beneficial	 fungi	within	communities.	This	effort	 included	characterizing	foliar	 fungal	
communities	from	>500	tree	genotypes	in	two	contrasting	common	gardens	(Corvallis	OR	and	
Westport	 OR)	 using	 DNA	 metabarcoding	 approaches.	 Our	 GWAS	 identified	 plant	 genes	
associated	 with	 the	 detection	 of	 and/or	 response	 to	 microbial	 colonization	 as	 influential	 in	
shaping	 microbial	 community	 phenotypes.	 Environmental	 and	 spatial	 effects	 also	 strongly	
influenced	microbial	phenotypes.		
	
OBJECTIVES:	 Our	 primary	 objective	was	 to	 conduct	 a	 GWAS	 study	 to	 determine	 the	 relative	
influence	of	plant	genes	and	 the	environment	on	 fungal	 community	composition,	and	on	 the	
abundance	of	particular	beneficial	fungi	within	communities.		

PROCEDURES:	In	October	2016,	we	collected	leaf	samples	from	1084	replicated	genotypes	in	a	
common	garden	in	Corvallis	OR,	and	from	500	genotypes	in	a	common	garden	in	Westport	OR.	
We	used	DNA	metabarcoding	 techniques	 to	characterize	 fungal	 community	 composition,	and	
the	 abundance	 of	 individual	 fungi	 in	 leaf	 samples.	We	 then	 used	 a	 28-million	 SNP	 library	 to	
associate	fungal	community	structure	with	plant	genotypic	variation.		

 	

Figure 1: Ordination analysis showing 
dissimilarity in foliar fungal community 
composition among individual leaves 
sampled from the same tree genotypes in two 
different common garden locations (Corvallis 
in orange, Wesport in blue). Each data point 
represents the fungal community of an 
individual tree, sampled from multiple 
leaves.  



SIGNIFICANT	 ACCOMPLISHMENTS:	 We	 found	 that	 foliar	 fungal	 community	 composition	 is	
sensitive	 to	host	plant	 genotypic	 variation.	However,	 spatial	 and	environmental	 factors	more	
strongly	 impacted	 the	 abundance	 of	 individual	 fungi	 and	 the	 composition	 of	 the	 community	
overall.	Notably,	community	composition	varied	strongly	between	the	common	gardens	(Fig	1).	

	

Our	GWAS	identified	plant	genes	associated	with	the	detection	of	and/or	response	to	microbial	
colonization	as	 influential	 in	shaping	microbial	community	phenotypes	(Fig	2).	 In	addition,	we	
found	that	 foliar	yeasts	were	particularly	sensitive	 to	plant	genotypic	variation;	however,	 this	
was	 found	 in	 Corvallis	 only,	 not	 in	 Westport.	 Overall,	 our	 results	 suggest	 that	 plant	 traits	
affecting	community	composition	may	do	so	differently	in	different	environments.	On	our	going	
research	is	poised	to	elucidate	these	patterns	by	identifying	and	validating	specific	genes/SNPs	
associated	with	fungal	community	composition	in	the	contrasting	gardens.		

																										 																																																						

 
Figure 2: A sub-network of GWAS results showing significant associations between four foliar yeasts in the 
family Kondoaceae (gold) and Populus trichocarpa genes associated with plant defense response (red), general 
cellular functions (blue), RNA transcription regulation (green), or with unknown function (grey). The opacity of 
network edges linking yeast OTU and plant gene nodes indicates the number of significant (fdr < 0.05) SNP 
associations detected (range: 1-14). 

Figure 2: Bipartite network showing GWAS results 
linking the relative abundance of foliar fungi, 
excluding Populus pathogens (nodes grouped and 
colored by class, left) and P. trichocarpa genes 
(green nodes, right). A subset of candidate genes, 
putatively associated with the detection of and/or 
response to microbial colonization, are identified 
based on gene ontology associations. Edges 
connecting nodes represent significant GWAS 
associations using an FDR cutoff 0.01, and only 
SNPs occurring within the coding region (introns or 
exons) of annotated genes in the P. trichocarpa 
genome are included. 

	



BENEFITS	&	IMPACT:	Results	of	our	project	establish	a	genetic	basis	for	plant	microbiome	
composition,	and	highlight	taxonomic	groups	and	environments	where	these	effects	are	
particularly	strong.	We	expect	these	results	will	be	of	direct	relevance	to	plant	breeding	efforts	
aimed	at	harnessing	beneficial	microbiomes	in	agriculture.	

ADDITIONAL	FUNDING	RECEIVED	DURING	PROJECT	TERM:	The	results	generated	in	this	
project	were	used	as	preliminary	results	in	a	successful	DOE	Feedstock	Genomics	proposal.		
	
FUTURE	FUNDING	POSSIBILITIES:	The	results	generated	in	this	project	will	be	used	as	
preliminary	data	in	a	USDA	AFRI	proposal	focusing	on	foliar	yeasts.	
	
	


