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Disease losses in maize in recent years, USA/Canada




It’s much tougher for African farmers




Nelson RJ, Wiesner-Hanks T, Wisser RJ, Balint-Kurti P (2018). 
Navigating complexity to breed disease-resistant crops. Nature Reviews 

Genetics. 

Resistance at different scales




Trade-offs? 


Ceballos	et	al.	1991:	Recurrent	
selec9on	for	NLB,	no	big	effect	on	yield	

or	maturity	

Resistance	 Other	traits	

Two	cases:	
•  Forage	maize	in	
upstate	NY	

•  Mycotoxins	in	
Africa	



Lower lignin --> more diges$ble  
maize for cows… and fungi? 


bmr2	 Wild	Type	 Bmr2		wt	

Brown	midrib	silage	corn	
Less	lignin		

Resistance	Lignifica9on	



Brown midrib maize is suscep$ble to diseases


Judy	Kolkman,	Nelson	Lab	

Northern	Leaf	Blight	 Gray	Leaf	Spot	Stewart's	Wilt	 Anthracnose	leaf	blight	



More ear rot = ??? More mycotoxins ???




Gene(s) in phenylpropanoid pathway  
have mul$ple roles


•  Caffeoyl-CoA	O-
methyltransferase	(CCOMT)	

•  Natural	allelic	differences	
associated	with	traits	

•  Resistance	to	two	diseases	
•  NILs:	

•  Rind	penetrometer	resistance	
•  Fusarium	ear	rot	(FUM)	

Resistance	to	
SLB,	GLS	

Stalk	strength	
Seedling	vigor	

Mycotoxin	resistance	

“Good	alleles”	for	mul9ple	disease	resistance	
are	also	good	alleles	for	other	traits		

(e.g.,	stalk	strength)	 Yang	et	al.,	2017	
AC	Repka;	Will	Stafstrom	




Lots of fungi on food, lots of toxic metabolites

Fungi	 Mycotoxin	 Food	Commodi$es	 Health	Issues	

Aspergillus	
flavus	

Aflatoxins	(AF)	 Cereals	(esp.	
maize),	
groundnuts,	tree	
nuts,	milk	

Acute	hepa99s	and	liver	
cancer;		
growth	impairment;	
immunosuppression	

Fusarium	
ver9cillioides	

Fumonisins	
(FUM)	

Maize,	sorghum	 Growth	impairment;	neural	
tube	defects;	esophageal	
cancer	

F.	graminearum	 Deoxynivalenol	
(DON)	

Cereals	(esp.	
wheat	and	maize)	

Toxicity;		
reduced	feed	intake	and	
growth	

WHO	2000;	hBp://gallery.cimmyt.org;	hMp://www.aspergillusflavus.org/aflavus/;	Marasas	et	al.,	2008	




Mul$ple toxins with babies hardest hit


Malawi:	Matumba	et	al.,	2014	



Does breeding for high yield lead to toxin suscep$bility?  
Does breeding for toxin resistance lead to low yield?


Yield	poten9al	 Mycotoxin	
	Suscep9bility	

Morales	et	al.,	2018,	2019	
Mu9ga	et	al.,	2017	



We’ve been breeding for BIG


Yield	Ear	size	
+	

Correla9ons	among	grain	yield	and	cob	
phenotypes	in	the	maize	282	diversity	panel	
***Pearson	correla9on	(r)	P<.0001	

Grain	
yield	

Cob	
diam.	

Cob	
length	

Cob	
mass	

Cob	
vol.	

r=0.43	
***	

r=0.64	
***	

r=0.34	
***	

r=0.66	
***	

r=0.64	
***	

r=0.71	
***	

r=0.62	
***	

r=0.87	
***	

r=0.72	
***	

r=0.82	
***	

L.	Morales	&	Panzea	




In tropical germplasm, grain yield is posi$vely correlated 
 
with aflatoxin contamina$on and ear rot severity


Yield	Ear	size	
+	

Mycotoxins	
+	

r=0.56**	

Correla9ons	(r)	between	
genotypic-means	from	CIMMYT	
IMAS	popula9on	
*P<0.05;	**0.05>P>0.01	

r=0.19**	 r=0.15*	

L.	Morales,	S.	Mu9ga	




In gene$c mapping popula$ons, yield components are posi$vely 

correlated with fumonisin contamina$on and ear rot


Yield	Ear	size	
+	

Mycotoxins	
+	

Correla9ons	(r)	between	genotypic-means	
*P<0.05	

r=0.25*	 r=0.14*	r=0.19*	
282	diversity	panel	 CML69xB73	NAM	family	 CML52xB73	NAM	family	

+	
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AF-	MS-NILs	

Morales	et	al.	
2019	

Mideros	et	al.	
2014	

CobDen	

QTL3		

QTL4		

QTL2		

QTL1		

Aflatoxin resistance QTL co-localize  
with QTL for ear traits and other ear rots


Meriem	Aoun		
Marilyn	Warburton	et	al.	



CML 269 –derived 
hybrid 

Plant breeding as a public health issue


Plant	traits	influence	fungal	coloniza9on	
and	toxin	accumula9on	

Kereliuk	and	Sosulski,	1996	

Dent	 Flint	

High	ash	

High	ash	

Low	ash	

hMps://ubersuper.com/mri-scans-of-
fruits-and-vegetables/	



Predic9on	
• Bio9c	(host	vulnerability)	
• Abio9c	(drought)	

Surveillance	
•  Food	
• Urine	

Gene9cs	
Diversifica9on	

Soil	health	
Biocontrol	
Storage,	sor9ng	

Mycotoxin	
management	



Planetary	
health	

Soil	
health	

Plant	
health	

Animal	
health	

Human	
health	

Climate	à	Drought	
(hi	temp/low	rain)	

One	
Health	

Low	organic	
maMer	à	low	
water-holding	&		

nutrients	

Plant	stress;	pathogen	
suscep9bility;	
mycotoxin	

contamina$on	

Food	security/
safety;	toxin	
exposure	

Toxin	exposure	à	
low	produc9vity	


