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Photos: C.T. Hash (ICRISAT)

Pearl millet
Pennisetum glaucum

Burgarella et al, Nat. Ecol. Evol. 2018
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Pearl millet
One of the hardiest cereals

Ref: ICRISAT Newsletter (http://www.icrisat.org/)

Cultivated millet Wild millet
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• Consor&um ICRISAT/BGI/IRD

• Genome size: 1.79 GB

• 38 579 predicted genes

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

• Expansion genes families for cu&n/suberin
and ABC transporters

• 994 lines fully resequenced

Pearl millet
Genomic ressources

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

• Abiotic stresses
• Low soil fertility (low P availability)
• Drought
• Heat stress

• Biotic stresses
• Striga
• Fungal pathogens
• Insects & nematodes
• Birds
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Objectives

Þ Iden%fy root traits that contribute to pearl millet
adapta%on to low water and low nutrients condi%ons
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Root phenotyping

Passot et al, Front. Plant Sci. 2016
Ndour et al, Front. Plant Sci. 2016 

Passot et al, Plant Physiol. 2018
Faye et al, PLoS One 2019
Faye et al, in preparaConCID2019, Oct 2019
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Carbon reallocaGon to newly 
born root axes at 6 days

Early developmental dynamics of 
pearl millet root system
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Primary root growth
Available diversity

CID2019, Oct 2019



Da
ily

 p
re

ci
pi

ta
tio

n 
(m

m
)

0

10

20

30

40

50

60

70

80

90

23
/02/2

01
8

23
/03/2

01
8

23
/04/2

01
8

23
/05/2

01
8

23
/06/2

01
8

23
/07/2

01
8

23
/08/2

01
8

23
/09/2

01
8

Precipita=on pa>ern in Sob (Senegal) - 2018

Primary root growth
An adaptative trait?
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Primary root growth as target 
trait for crop establishment

Stress field trials (Bambey, Senegal)
(+/- P, WW/STR1/STR2) 

A. Grondin

B. Sine

R² = 0.7308
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Primary root growth as target 
trait for crop establishment

Stress field trials (Bambey, Senegal)
(+/- P, WW/STR1/STR2) 

A. Grondin

B. Sine

R² = 0.7308
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Identification of genomic regions 
controlling root growth through GWAS

392 493 SNPs iden.fied by GBS

S. Passot

H2= 0.53
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(log10(P)>4)

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

9 potential QTLs controlling primary root length

M. Debieu

Identification of genomic regions 
controlling root growth through GWAS
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QTL validation using Bulk 
Segregant Analysis 

C. de la Fuente

F1
Self pollina-on

933 F2 seedlingsX

L337 L249

Root length (cm)

10% 10%

Short Long

Root length frequency distribuAon in 
the 337 x 249 F2 populaAon

NGS
33 582 SNPs
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QTLs defined using ED method (Hill et al 2013)
QTLs defined using Smooth LOD method (Zhang et al 2019)

205

215
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235

245

QTG 1.7 (215.53-230.05 Mb)

QTG 1.4 (229.15-243.67 Mb)

GWAS – QTL (231.26 Mb) 

QTL-ED 1.14 (209.97 – 220.22 Mb)

QTL-ED 1.15 (223.92 – 224.95 Mb)
QTL-ED 1.16 (226.11 – 232.96 Mb)

C. de la Fuente

Chr. 1
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QTL validation using Bulk 
Segregant Analysis 



Comparison of root meristem 
structure

Distance from quiescent centre (µm)
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M. Debieu

A. GrondinLow
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 stastical tests (EdgeR, DESeq & DESeq2)

RNAseq

VS

Transcriptomics to target 
candidate genes at the QTLs
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Genetic bases root growth

*
5784 bp
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Genetic bases root growth

*

NNNN…NNNNNNNNN…NNNN
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Genetic bases root growth

*

Homologies monothiol
glutaredoxine S9

NNNN…NNNNNNNNN…NNNN
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Take home message

ØRoot traits - potential breeding targets

Ø Pearl millet - key crop for African agriculture adaptation to

future climates

Ø Seminal root growth – target trait for early drought tolerance

ØGWAS/BSA for QTL identification

Ø Identification of mechanisms will facilitate pyramiding

CID2019, Oct 2019



Perspectives

F1
Self pollina-on

933 F2 seedlings
Backcross

L249 BC1F1
Backcross

L249 BC2F1

Selfing

BC2F4

X

L337 L249

Ø Validate QTLs using backcross inbred lines (BILs)
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Perspectives

Ø Validate QTLs using backcross inbred lines (BILs)

Ø Evaluate impact of QTLs on yield using BILs

ØCharacterization of the genomic regions associated to QTLs

ØValidation of candidate genes function using gene editing

ØModel of root systems/soil interactions

CID2019, Oct 2019
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