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Pearl millet 
Pennisetum glaucum 
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Burgarella	et	al,	Nat.	Ecol.	Evol.	2018	



Pearl millet 
One of the hardiest cereals 

Photos:	Y.	Vigouroux	(IRD)	
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Ref:	ICRISAT	NewsleNer	(hNp://www.icrisat.org/)	



•  ConsorBum	ICRISAT/BGI/IRD	

•  Genome	size:	1.79	GB	

•  38	579	predicted	genes	

•  High	GC	(47.9%)	and	TE	(80%)	content	

•  Expansion	genes	families	for	cuBn/
suberin	and	ABC	transporters	

•  994	lines	fully	resequenced	

Pearl millet 
Genome 

Varshney	et	al,	Nat.	Biotech.	2017	
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Pearl millet 
Main limiting factors 

•  Abio$c	stresses	
•  Low	soil	ferBlity	(low	P	availability)	
•  Drought	
•  Heat	stress	

•  Bio$c	stresses	
•  Striga	
•  Fungal	pathogens	
•  Insects	&	nematodes	
•  Birds	

Hangzhou,	November	2018	



Objectives 

Iden$fy	 root	 traits	 that	 contribute	 to	 pearl	 millet	
adapta$on	to	low	water	and	low	nutrients	condi$ons	
	
Ø  Describe/quan$fy	root	trait	

Ø  root	architecture	and	anatomy	
Ø  interac3ons	with	beneficial	microbes	

Ø  Iden$fy	desirable	root	traits	
	
Ø  Iden$fy	genes	controlling	desirable	root	traits	

Hangzhou,	November	2018	
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«	Naturalness	»	

Root phenotyping 

Hangzhou,	November	2018	

Passot	et	al,	Front.	Plant	Sci.	2016	
Passot	et	al,	Plant	Physiol.	2018	

Faye	et	al,	in	prepara$on	
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Days	aaer	germinaBon	

Carbon	reallocaBon	to	newly	
born	root	axes	at	6	days	

Early developmental dynamics of 
pearl millet root system 

Hangzhou,	November	2018	

S.	Passot	

Passot	et	al,	Front.	Plant	Sci.	2016	
Passot	et	al,	Plant	physiol.	2018	



Pearl	millet	early	
root	system	

Very	fast	growth	
of	seminal	root	

Hangzhou,	November	2018	

Primary root growth 
High-throughput phenotyping 

Hydroponic	paper-based	phenotyping	plaZorm		

S.	Passot	



Pearl	millet	early	
root	system	

Very	fast	growth	
of	seminal	root	

H2=	0.53	

Seminal	root	length	in	a	panel	of	108	inbred	lines	6	days	aaer	
germinaBon	

Hangzhou,	November	2018	

Primary root growth 
Genetic diversity 

S.	Passot	
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Primary root growth 
An adaptative trait? 

Pearl	millet	early	
root	system	

Very	fast	growth	
of	seminal	root	
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Performance	index	
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Primary root growth 
Field trials results 

Sowing		
+	irriga$on	

T0	

Analysis	

43	d	

No	irriga$on	

A.	Grondin	

B.	Sine	
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Primary root growth 
Field trials results 

A.	Grondin	

B.	Sine	
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Primary root growth 
GWAS 

392	493	SNPs	idenBfied	by	GBS	

S.	Passot	
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Primary root growth 
GWAS 

(log10(P)>4)	

~	150	genes	in	QTL	regions	(500	kb	interval	around	most	significant	SNP	markers)	

9	poten$al	QTLs	controlling	primary	root	length	

M.	Debieu	



F r om	 h N p s : / / www . t e s . c om / l e s s o n s /
nHBDO6YooXG09A/plant-anatomy-physiology	

Hangzhou,	November	2018	

Primary root growth 
Transcriptomics 



M.	Debieu	
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Primary root growth 
Transcriptomics 

A.	Grondin	Low	
growth	
IL	249	

High	
growth	
IL	337	

•  3	replicates	
•  single	read	50	nt	(Illumina	HiSeq	2500)	
•  1/3	reads	not	mapped	to	predicted	CDS	
•  3	stasBcal	tests	(EdgeR,	DESeq	&	DESeq2)	

RNAseq	

VS	



•  ~	100	expressed	genes	in	QTL	regions		
•  3	SNPs	located	within	genes	with	predicted	

funcBons	for	root	growth	

RNAseq	data	from	root	Bps	of	two	contrasBng	lines	
revealed	1778	genes	differently	expressed		

Genetic bases root growth 

Hangzhou,	November	2018	



Genetic bases root growth 
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Genetic bases root growth 

Jing-Ke Weng et al. Plant Cell 2011;23:2708-2724 
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Genetic bases root growth 

C CT T
TOP1$

0

50

100

150

200

G
R
O
W
TH

95	 11	 16	n=	Pgl_GLEAN_10034617			

C/T	

1206	bp	

0	

500	

1000	

1500	

1	 2	High	growth	
IL	337	

Low	growth	
IL	249	

Re
ad

s	

Hangzhou,	November	2018	



Genetic bases root growth 
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•  ~	100	expressed	genes	in	QTL	regions		
•  3	SNPs	located	within	genes	with	predicted	

funcBons	for	root	growth	

	249	(short	root)	=	337	(long	root)	

249	(short	root)	>>>	337	(long	root)	

RNAseq	data	from	root	Bps	of	two	contrasBng	lines	
revealed	1778	genes	differently	expressed		

Genetic bases root growth 

Hangzhou,	November	2018	

249	(short	root)	>>>	337	(long	root)	



Summary 

Ø Pearl	millet	–	crop	for	African	agriculture	adaptaBon	to	future	
climates	

Ø Root	growth	-	adaptaBve	trait	for	abioBc	stresses	tolerance	in	
pearl	millet	

Ø GWAS	-	QTLs	for	root	growth	(9)	&	rhizosheath	formaBon	(5)	

Ø RNAseq	on	root	Bp	of	contrasted	lines	

Hangzhou,	November	2018	



Ø Validate/refine	QTLs	
Hangzhou,	November	2018	

Perspectives 

•  933	F2	seedlings	337x249	cross	

•  1116	F2	seedlings	109x57	cross	
F1	

Self	pollinaBon	
F2	

Slow	growth	parent	

Fast	growth	parent	
X	

Root	length	(cm)	

Bulks	Mean	root	length	values	(±	SD)		in	cm	

Cross	 Short	seminal	 Long	seminal	

337	x	249	 8.15	±	1.84	cm	 23.70	±	1.73	cm	

109	x	57	 6.86	±	1.75	cm	 22.50	±	1.63	cm	

NGS	(Illumina	HiSeq)	10%	 10%	

Short	 Long	

Ø Validate/refine	QTLs	
C.	de	la	Fuente	



Ø Validate/refine	QTLs	

Hangzhou,	November	2018	

Perspectives 

•  933	F2	seedlings	337x249	cross	

•  1116	F2	seedlings	109x57	cross	
F1	

Self	pollinaBon	
F2	

Slow	growth	parent	

Fast	growth	parent	
X	

Root	length	(cm)	

10%	 10%	

Short	 Long	

Adapted	from:	Takagi	et	al.	(2013)	The	Plant	Journal,	74:	174-	
183	

Expected	results…	

C.	de	la	Fuente	
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Perspectives 

•  933	F2	seedlings	337x249	cross	

•  1116	F2	seedlings	109x57	cross	
F1	

Self	pollinaBon	
F2	

Slow	growth	parent	

Fast	growth	parent	
X	

BC1F1	 BC2F4	(ongoing)	
X	slow	
growth	
parent	

Ø Validate/refine	QTLs	
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Perspectives 

•  933	F2	seedlings	337x249	cross	

•  1116	F2	seedlings	109x57	cross	
F1	

Self	pollinaBon	
F2	

Slow	growth	parent	

Fast	growth	parent	
X	

BC1F1	 BC2F4	(ongoing)	
X	slow	
growth	
parent	

Ø Validate/refine	QTLs	

Ø Refine	gene	annotaBon	in	QTL	regions	
Ø  RNAseq	Data	
Ø  smallRNAseq	
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Perspectives 

•  933	F2	seedlings	337x249	cross	

•  1116	F2	seedlings	109x57	cross	
F1	

Self	pollinaBon	
F2	

Slow	growth	parent	

Fast	growth	parent	
X	

BC1F1	 BC2F4	(ongoing)	
X	slow	
growth	
parent	

Ø Validate/refine	QTLs	

Ø Refine	gene	annotaBon	in	QTL	regions	
Ø  RNAseq	Data	
Ø  smallRNAseq	

Ø FuncBonal	analysis	of	candidate	genes	
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Perspectives 

•  933	F2	seedlings	337x249	cross	

•  1116	F2	seedlings	109x57	cross	
F1	

Self	pollinaBon	
F2	

Slow	growth	parent	

Fast	growth	parent	
X	

BC1F1	 BC2F4	(ongoing)	
X	slow	
growth	
parent	

Ø Validate/refine	QTLs	

Ø Refine	gene	annotaBon	in	QTL	regions	
Ø  RNAseq	Data	
Ø  smallRNAseq	

Ø FuncBonal	analysis	of	candidate	genes	
Ø Measure	impact	validated	QTL	in	field	condiBons	
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