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22001144		GGxxEE iinnbbrreedd		ssttuuddyy——QQuueessttiioonnss		ttoo		eexxpplloorree

²What	correlations	do	we	observe	among	agronomic	and	yield	
component	traits?

²How	do	trait	means	change	with	respect	to	inbreds’	year	of	
release?

²For	which	traits	does	GxE interaction	explain	a	significant	
portion	of	variation	observed?

²What	is	the	distribution	of	GxE among	traits?

²Which	inbreds show	the	most	stability?

²How	does	GxE change	with	respect	to	inbreds’	year	of	release?



22001144		IInnbbrreedd		ttrriiaallss

• Location	with	agronomic	and	
imaging	data

• Location	with	agronomic	data	only

College	Station,	TX
(2	trials)

Ames,	IA
(3	trials)

Columbia,	MO
(3	trials)

§ 19	locations	across	13	states
§ 2	replicates	per	environment

St.	Paul,	MN

Pennsylvania	
Furnace,	PA

West	Lafayette,	IN

Urbana,	IL

Aurora,	NY

Newark,	DE

Madison	and	
Arlington,	WI

Tifton,	GA

Lincoln,	NE

Clayton,	NC



PPooppuullaattiioonn::		3311		iinnbbrreedd		lliinneess		sseelleecctteedd		ttoo		rreepprreesseenntt		
rraannggee		ooff		llooccaattiioonnss		aanndd		rreelleeaassee		ddaattee

CM105
around	1980

Wf9 B14C103 B37 B73A634

A619

A632
W117Ht

Mo17

PHN82

740
BP80
BHV63

2369
PHW52

PHG47
PHJ40
PHZ51

LH123Ht
LH82

LH145
PH207
PHB47

LH74
PHG35
PHG39

LH162
LH195

LH198



PPhheennoottyyppiicc		ddaattaa

²Agronomic	traits
²Anthesis date	(DAP)
²Silking date	(DAP)
²Plant	height

²Yield	component	traits
²Ear	length
²Ear	width
²Kernels	per	row
²Kernel	row	number
²Kernel	weight



YYiieelldd		CCoommppoonneennttss::		IImmaaggiinngg		OOuuttppuutt

Miller	et	al.	2016	– The	Plant	Journal



IImmaaggiinngg		OOuuttppuutt::		EEaarrss

Ear	width
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Average	period		=	kernel	length

Miller	et	al.	2016	– The	Plant	Journal

✧Kernel	row	
number:	counted	
manually

✧Kernels	per	row	
=	Ear	length	/	
Kernel	length



IImmaaggiinngg		OOuuttppuutt::		KKeerrnneellss

✧ Kernel	weight =	Cup	
weight	/	kernel	
count

Grouped	kernels:
✧ Counted	

accurately
✧ No	measurements	

recorded

Miller	et	al.	2016	– The	Plant	Journal

Other	objects
• Not	counted
• Not	measured



WWhhaatt		ccoorrrreellaattiioonnss		ddoo		wwee		oobbsseerrvvee		aammoonngg		aaggrroonnoommiicc		
aanndd		yyiieelldd		ccoommppoonneenntt		ttrraaiittss??



HHooww		ddoo		ttrraaiitt		mmeeaannss		cchhaannggee		ww..rr..tt..		yyeeaarr		ooff		rreelleeaassee??



QQuuaannttiiffyyiinngg		GGxxEE iinntteerraaccttiioonn

²Slope
²=	0:	Type	I	stability

²consistent	across	environments
²Ex)	Genotype	A

²=	1:	Type	II	stability
²mean	response	to	environments
²Ex)	Genotype	B

²Mean	square	error
²Low	MSE:	Type	III	stability

²predictable	performance	across	
environments

²Ex)	Genotype	A	has	lower	MSE	in	
comparison	to	Genotype	C

Figure	adapted	from	Bernardo	2010

Standardized	MSE	=	
MSE	/	mean	trait	value2



FFoorr		wwhhiicchh		ttrraaiittss		ddooeess		GGxxEE iinntteerraaccttiioonn		eexxppllaaiinn		aa		
ssiiggnniiffiiccaanntt		ppoorrttiioonn		ooff		vvaarriiaattiioonn		oobbsseerrvveedd??

GxE explains	a	small	
but	significant portion	

of	variation

3.08	x	10-50 9.26 x	10-46 5.85	x	10-21 2.73	x	10-9 2.03	x	10-32 1.73	x	10-20 3.41	x	10-16 1.27	x	10-17 



GGxxEE RReeggrreessssiioonn		PPlloott



WWhhaatt		iiss		tthhee		ddiissttrriibbuuttiioonn		ooff		GGxxEE aammoonngg		ttrraaiittss??



WWhhaatt		iiss		tthhee		ddiissttrriibbuuttiioonn		ooff		GGxxEE aammoonngg		ttrraaiittss??



WWhhiicchh		iinnbbrreeddss sshhooww		tthhee		mmoosstt		ssttaabbiilliittyy??



WWhhiicchh		iinnbbrreeddss sshhooww		tthhee		mmoosstt		ssttaabbiilliittyy??



WWhhiicchh		iinnbbrreeddss sshhooww		tthhee		mmoosstt		ssttaabbiilliittyy??

PHN82
Mean	standardized	MSE:	0.60

Standardized	MSE	
for	Ear	width:	0.11

A634
Mean	slope:	1.007

Slope	for	Ear	
length	0.993



WWhhiicchh		iinnbbrreeddss sshhooww		tthhee		lleeaasstt		ssttaabbiilliittyy??

LH82
Mean	standardized	MSE:	1.12

Standardized	MSE	for	
Kernel	weight:	2.23

740
Mean	slope:	1.56

Slope	for	
Kernel	weight:	2.25



WWhhiicchh		iinnbbrreeddss sshhooww		tthhee		mmoosstt		ssttaabbiilliittyy??

Genotype Pedigree

A632 Mt42_X_B14(4) 
A634 Mt42_X_B14(4) 



PPeerrffoorrmmaannccee		ooff		BB1144		aanndd		ddeerriivvaattiivveess



PPeerrffoorrmmaannccee		ooff		BB1144		aanndd		ddeerriivvaattiivveess



HHooww		ddooeess		GGxxEE cchhaannggee		ww..rr..tt..		iinnbbrreeddss’’		yyeeaarr		ooff		rreelleeaassee??



HHooww		ddooeess		GGxxEE cchhaannggee		ww..rr..tt..		iinnbbrreeddss’’		yyeeaarr		ooff		rreelleeaassee??



FFiinnaall		rreemmaarrkkss

²G	x	E	interaction	contributes	significantly	to	trait	values,	making	it	
important	to	consider	in	predictions

²Ear/kernel	traits	showed	greater	GxE interaction—good	“indicator	
traits”	for	future	experiments

²Some	inbreds show	better	stability		than	others	with	exceptions	for	
certain	traits

²More	recent	inbreds show	greater	stability	and	improved	
predictability

²Much	more	to	explore	within	this	dataset	and	through	incorporating	
the	environmental	data	collected	for	each	location



GGxxEE CCoonnssoorrttiiuumm::		DDaattaa		UUssaaggee		DDiissccllaaiimmeerr

This	presentation	includes	data	analysis	and	interpretation	conducted	
by	the	presenter	and	does	not	necessarily	reflect	the	observations	and	

conclusions	of	the	GxE Consortium.



AAcckknnoowwlleeddggeemmeennttss

²University	of	Wisconsin	
collaborators
²Nathan Miller
²Edgar	Spalding
²Jane	Petzoldt
²Jonathan	Renk

²GxE 2014	Inbred	Trial	collaborators
²Jonathan	Lynch
²Randy	Wisser
²Joe	Knoll
²Nick	Lauter
²Pat	Schnable
²Torbert Rocheford
²Sherry	Flint-Garcia
²Jim	Holland
²Aaron	Lorenz
²Ed	Buckler
²Margaret	Smith

²Rebecca	Nelson
²Mike	Gore
²Wenwei Xu
²Natalia	de	Leon
²Shawn	Kaeppler
²Candy	Hirsch
²Nathan	Springer
²Martin	Bohn
²Seth	Murray



² Martin	Bohn	(UIUC)
² Ed	Buckler	(ARS	- Cornell)

² Ignacio	Ciampitti	(KSU)
² Jode	Edwards	(ARS	- ISU)

² Sherry	Flint-Garcia	(ARS)
² Christopher	Graham	(SDSU)
² Mike	Gore	(Cornell)

² Candy	Hirsch	(UMN)
² Jim	Holland	(ARS	- NCSU)
² Elizabeth	Hood	(AR-State)

² David	Hooker	(Guelph)
² Fiona	Goggin	(Univ AR)

² Shawn	Kaeppler	(UW)

² Oscar	Rodriguez	(UNL)
² Cinta	Romay	(Cornell)

² James	Schnable (UNL)
² Pat	Schnable (ISU)

² Brian	Scully	(ARS)
² Rajandeep	Sekhon	(Clemson)
² Margaret	Smith	(Cornell)

² Nathan	Springer	(UMN)
² Kurt	Thelen	(MSU)
² Peter	Thomison	(OSU)

² Mitch	Tuinstra	(Purdue)
² Jason	Wallace	(UGA)

² Randy	Wisser	(UDel)
² Wenwei	Xu	(TAMU)

² Joe	Knoll	(ARS	- UGA)
² Judith	Kolkman	(Cornell)

² Greg	Kruger	(UNL)
² Nick	Lauter	(ARS	- ISU)

² Liz	Lee	(Guelph)
² Natalia	de	Leon	(UW)
² Sanzhen Liu	(KSU)

² Argelia	Lorence	(AR-State)
² Aaron	Lorenz	(UMN)
² Jonathan	Lynch	(PSU)

² Steve	Moose	(UIUC)
² Seth	Murray	(TAMU)

² Rebecca	Nelson	(Cornell)
² Torbert	Rocheford	(Purdue)

GG		XX		EE		CCooooppeerraattoorrss
PPrriinncciippaall		IInnvveessttiiggaattoorrss wwhhoo		ggrreeww		GGxxEE ttrriiaallss		iinn		22001144--22001166



² Naser Alkhalifah (ISU)
² Martin	Bohn	(UIUC)*
² Ed	Buckler	(ARS)†
² Darwin	Campbell	(ISU)*
² Ignacio	Ciampitti	(KSU)
² James	Clohessy (Cornell)
² Liang	Dong	(ISU)
² Jode	Edwards	(ARS)*
² David	Ertl	(IA	Corn)*†
² Sherry	Flint-Garcia	(ARS)*
² Joseph	Gage	(UW)
² Jack	Gardiner	(ISU)*
² Fiona	Goggin	(Univ AR)
² Byron	Good	(Guelph)
² Mike	Gore	(Cornell)
² Christopher	Graham	(SDSU)
² Patricio	Grassini (UNL)
² Jerry	Hatfield	(ARS)
² Candy	Hirsch	(UMN)
² Jim	Holland	(ARS)
² Elizabeth	Hood	(AR-State)
² David	Hooker	(Guelph)

² James	Schnable	(UNL)
² Pat	Schnable	(ISU)†~
² Brian	Scully	(ARS)
² Rajandeep	Sekhon	(Clemson)
² Kevin	Silverstein	(UMN)
² Margaret	Smith	(Cornell)
² Edgar	Spalding	(UW)
² Nathan	Springer	(UMN)†
² Srikant	Srinivasan	(ISU)*
² Yiwei	Sun	(ISU)*
² Kurt	Thelen	(MSU)
² Peter	Thomison	(OSU)
² Kelly	Thorp	(ARS)
² Mitch	Tuinstra	(Purdue)
² Jason	Wallace	(UGA)
² Renee	Walton	(ISU)
² Rod	Williamson	(IA	Corn)
² Randy	Wisser	(UDel)*
² Wenwei	Xu	(TAMU)
² Cheng-Ting	Yeh (ISU)
² Jianming Yu	(ISU)

² Diego	Jarquin	(UNL)*
² Shawn	Kaeppler	(UW)†
² Joe	Knoll	(ARS)
² Judith	Kolkman	(Cornell)
² Greg	Kruger	(UNL)
² Nick	Lauter	(ARS)
² Carolyn	Lawrence-Dill	(ISU)*
² Liz	Lee	(Guelph)*
² Zhizhai Liu	(TAMU)
² Natalia	de	Leon	(UW)*†~
² Alex	Lipka (UIUC)
² Argelia	Lorence	(AR-State)
² Aaron	Lorenz	(UMN)*
² Jonathan	Lynch	(PSU)†
² Nathan	Miller	(UW)
² Steve	Moose	(UIUC)
² Seth	Murray	(TAMU)*
² Rebecca	Nelson	(Cornell)
² Torbert Rocheford	(Purdue)
² Oscar	Rodriguez	(UNL)
² Cinta Romay (Cornell)*
² Emily	Rothfusz (UW)*

GGeennoommeess		TToo		FFiieellddss		CCoollllaabboorraattoorrss
†	G2F	Executive	Committee	members	 *GxE Coordinating	Groups ~G2F	co-lead



GGeennoommeess		TToo		FFiieellddss		SSppoonnssoorrss



TThhaannkk		yyoouu		ffoorr		yyoouurr		aatttteennttiioonn!!

AAnnyy		qquueessttiioonnss??



IImmaaggiinngg		OOuuttppuutt::		CCoobbss

Cob	width
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Miller	et	al.	2016	– The	Plant	Journal



RReeffeerreenncceess

²Bernardo,	R.	2010.	Breeding	for	Quantitative	Traits	in	Plants.	Second	
ed.	Stemma	Press,	Woodbury,	Minnesota.

²Miller,	N.D.,	N.J.	Haase,	J.	Lee,	S.M.	Kaeppler,	N.	de	Leon,	and	E.P.	
Spalding.	2016.	A	robust,	high-throughput	method	for	computing	
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