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The challenges to support sorghum development in Europe

▪ Diversifying the “products”

▪ New products,

▪ Production increase,

▪ Confidence between 

producers and users

▪ Mobilizing genetic 
diversity

▪ CC in Europe
▪ Highly heterogeneous

▪ Space
▪ Time

Some specific challenges for Europe BUT most of them are shared with others !!



Supporting value chain development: a multi-level, multiscale 
approach (not only a matter of politics)

▪ Understanding the genetic diversity that can be mobilized

▪ Pre-breeding population developments and optimization of 
breeding strategies

▪ Mining the diversity: Hightroughput phenotyping tools

▪ A better understanding of the “Plant trait” construction
▪ End-product traits = f(Plant traits) + “Process effect”
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▪ The needs of producers and users (Animal nutritionists, material
scientists and energy scientists => Process optimization)

A geneticist oriented point of view with a focus on biomass value 
chains as an example: “Develop tools to support breeding” 

▪ Develop varieties adapted to the “markets”
▪ Seed companies and NARS’ mandates
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Producers and end-users requirements: Biomass value chain ideotypes
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Perrier et al., 2017, Luquet et al., 2018

A: BMP

B: IVDMD

C: -Log10(P) for BMP and IVDMD

Thomas et al., 2018, 2021

Lignin content 
and its

locations are 
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(among others)

Ideotypes identified



Identified ideotypes: Before mining the diversity we have to understand it !
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« Population genetics based » strategies

Labeyrie et al., 2016a, b

Seed exchange networks

« Trait based » strategies



The “wild pool” a source of relevant diversity that deserves more attention

23.1 %

Nucleotide diversity

35.3 %

Expressional diversity

Burgarella et al., 2021

Cultivated

Guinea margaritiferum

Wild in-situ

Ex-situ
Wild

Gilabert et al P36 Mendy et al P53



Characterizing functional diversity: highthroughput phenotyping tools

▪ Biomass properties
• DM / CW digestibility

• Energy
Pectins

Insoluble fibers

Hemicelluloses

Cellulose

Lignins
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« Van Soest »

Hemicelluloses

« Van Soest »

Cellulose

▪ Biomass composition

« Van Soest »

Lignins

▪ Silage / mature stages 
and developping stem

▪ Stem : >700 reference data points

▪ NIRS

Trouche et al., 2014, 
Perrier et al., 2017, 
Luquet et al., 2018

Rami et al. O67

Towards phenomic 
selection

Salas et al 069



Characterizing the wild and cultivated diversity

0 1 2 3 4 5 6 7 8 9

Lignin content

87 regions, 321 genes
CCC_MPL_2009

CCC_MPL_2008

GCP_MLI_2009

GCP_MLI_2008

CCC_MLI_OFF_2008

CCC_MPL_BLUP

GCP_MLI_BLUP

1768 candidates
320 « key »genes

▪ 413 accessions
▪ Line value phenotyping
▪ 5 trials (100 - 362 genotypes)

▪ 3 panels (87 genotypes in common)
▪ 2 sites Mali / Montpellier

•2 Montpellier (100)
•2 Mali (362), rainy season
•1 Mali Off Season (210)

Only 23 genes with previous
evidences… 



Extracting the most relevant genes: Aggregrating « evidences » from the intra and 
interspecific levels

Genomic regions identification

Evolutionnary analyses

Transcriptome regulation

Paterson, Freeling
and Schnable
groups

Mace et al 2013



Merging GWAS from Sorghum and Maize

87 regions
321 genes

113 regions
4296 genes

33 common regions
29 Orthologs

1 Sb/Zm254 Zm 23 Sb

▪ Higher conservation Zm/Sb than for Root 
System architecture  (Zheng et al., 2020)

▪ Biomass composition is likely more conserved
than root system architecture

An extremely limited understanding of the genetic 
determinism of biomass properties

▪ Additional information regarding cell wall
establishment is required



Towards a better understanding of cell wall establishment

Stress Recovery

Stress Recovery

Stress Recovery

C1

C2

C3

C4

C5

C6

C7
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283, 12 CW

A first focus on Cell wall structural genes

Hennet et al., 2021



Looking deeper in the regulation of cell wall establishment

At: a relevant model 
plant

New sorghum 
transcription factors

21 SCW
Dom + Imp genes

VND7 and MYB69  ? 
Two key genes in At not detected

in sorghum ?



Aggregating evidences at the intra and inter-specific levels and validating the candidates !
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Over 
expression in 
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SbMYB60b SbVND7b

Calatayud, Richaud et al. P19

Impacting haplotypes have been identified: we need to 
deliver them to the breeding programs 



Injecting favorable haplotypes in the elite pools and discovering new ones

▪ BCNAM Jordan et al., 2011 ▪ EU Biomass BCNAM: 2RP * 10 DP, 2000 BC1F4 families

▪ Haplotype’s effects need to be evaluated in relevant genetic backgrounds for the breeders

▪ GWAS power is limited by allelic frequency distribution



Bmr6 D

Validation of haplotype effects and discovery of new haplotypes

Enriching the elite pool with relevant 
alleles

• Independent validations of allelic effects in different
genetic backgrounds

• Discovery of new haplotypes

• Support for variety development

Cellulose Hemicellulose Lignin
Cell wall

digestibility

2014

2015

Blup
2014
2015

Thera 2018,              Garin et al O68,            Salas et et al 069



▪ 2000-2021 : 4724 EU publications

EU sorghum research: Not only a biomass story !

▪ 22 % of total sorghum publications

▪ Not too bad as EU production = 2 % 
of global production
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Bekele et al., 2014

Sorghum – Arbuscular mycorrhiza
interactions

Raphael et al., 2022
Symanczik et al 
2018,2020
Koegel et al 2013

…

Schaffasz et al 2019 a,b

Chakrabarty et al 2021
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Tesso., 2013



Take home messages

A research network to establish
Not an invitation to join, 

An invitation to build together

US, Australia, Brazil,  India…

Global 
on sorghum and 
millet
Marashi

Global sorghum 
association

Idntify
of 
partners and 
consider first the 
interests of 
prducr

Add 
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Thanks a lot for your attention

Questions


