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Y Digging into the transcriptome of a developing sorghum grain
to find the culprits of protein content and low digestibility
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A need to revise our protein sources

Greenhouse Gas emission / 100 grams of proteins
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Source: Poore, J.. & Nemecek, T. (2018). Addiional calculations by Our World in Data.

Note: Data represents the global average greenhouse gas emissions of food products based on a large meta-analysis of food production
covering 38,700 commercially viable farms in 119 countries.

OurworldinData org/environmental-impacts-of-food » CC BY Poore J’ & Nemecek T ,SCIence, 2018
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Présentateur
Commentaires de présentation
To avoid a vicous circle, this growing population has to limit its greenhouse gasses emission, and in particulat there is a need to revise the way we eat, and above all our souces of proteins. As you can see on this graph, animal protein are very expensive in greenhous gas emission whereas…
Cereal proteins are not neglectible in the human diet, and can account for up to 50% of daily intake, depending on where you live.
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Main limits of sorghum regarding its use for feed and food

= Amino Acid disequilibrium

= Low digestibility (decreased with cooking)
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Protein low digestibility: several factors

= |nteraction between proteins and other compounds :

" Tannins

= Starch
= Cell wall components (see presentation of PhD student C. Costes, 087)

= Storage structure of proteins :
= Reserve proteins (prolamin, called Kafirins) in protein bodies

= Appearance of additional disulfide bridges during grain
development (see presentation of H. Mameri 0114) and cooking

External part of f3,- 8- et y-

kafirins, strongly linked by
/ disulfide briges between

cysteins

a-kafirins

Wu et al., 2013
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Does solution exist to solve this problem ?

—

Diversity in sorghum

v’ For protein content in grains
(Rami et al., 1998; Figueiredo et al., 2010; Rhodes et al., 2017;Kimani et al., 2020)

v’ For digestibility
(Hicks et al., 2002; Cremer et al., 2014 ; Impa et al., 2019; Duressa et al., 2020; Kardes et al., 2021, Diatta-Holgatte, 2022 )

Objectives

Better understanding of the molecular and biochemical mechanisms leading to protein accumulation and
their low digestibility

- Which actors are involved in protein body establishment and modification ?

— Are there variabilities that could modify these protein structures and digestibility ?
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Transcriptomic analysis

= Macia genotype

= 10 developmental stages (Days After Anthesis+7 to DAF+40)
= 3 biological replicates in 2 years (2017, 2018)
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Curve fit
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Biochemical parameters during grain development

Protein
— a a a b be c bc bc c d
S =
q) 3000 .
Q
v .
Y == ——
= — B
[ ) :
= s
]
[ R
— ———
[a N . "
—L —
7 10 13 17 21 25 29 33 37 40
Days after anthesis
Sigmoids
— 25001 R? = 0.9544736
§el
Q
Q
vy 2000
S~
%)
=
=
]
)
O 1000
S
[a

7 10 13 17 21 25 29 33 37 40
Days after anthesis

Protein digestibility (%)

Protein digestibility (%)

85

20

85

a0

Protein digestibility

b a a a

be be be c be be

‘ o= —

| ’ =5
- L]

7 10 13 17 21 25 29 33 37 40
Days after anthesis

Polynomial (second order)

Pr=9.250667e-06

R®=0.8478034

7 10 13 17 21 25 29 33 37 40
Days after anthesis

p.

8



Kinetic parameters during grain development
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Gene network analysis
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Gene co-expression network and kinetics
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Starch, protein and digestibility kinetics are correlated with each other

Strong positive correlations observed between

v’ starch, protein, lightyellow and@urquoise’-modules

v’ digestibility ancd the lightgreen-module
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Lightyellow module linked with protein accumulation rate
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Présentateur
Commentaires de présentation
Orthologs of maize  Op2 and PBF known to regulate protein body structure, protein and starch synthesis , endosperm development, etc (Fenf et al., 2018; Gontarek et al., 2016; Zhang et al., 2015)
Other TFs (NAC, ZmABI19, NKD, etc)  whose maize orthologs regulate grain protein and starch accumulation, development and filling (Yang et al., 2021; Zhang et al., 2019; Zhang et al., 2015)
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v" The majority (20) of genes coding for a-kafirin

v Orthologs of maize Op2 and PBF (Fenf et al., 2018; Gontarek et al., 2016; Zhang et al., 2015)

v" Other known TFs : NAC, ZmABI19, NKD, etc (vang et al., 2021; Zhang et al., 2019; Zhang et al., 2015)
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Take-home messages

- Which actors are involved in protein body establishment and modification ?

Several putative actors identified.
-some are orthologs of already known actors in other plants (good news !)
-some are new candidates

Investigate other modules (digestibility), see P69
= RNAseq analysis

:!. after TF over-expression

Validate their functions
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Perspectives

— Are there variabilities that could modify these protein structures and digestibility ?

B .-
R 8 i :
v,:,v :
o
NitroSorg 2
Chromosome
roit e %%E%r%m -GWAS
- SeECiaLL o i 1 -genomic prediction
oe AT s | DEVELOPPEMTNT i _ _
o ETDE | A AT . 5 -phenomic selection
European commercial and
Jan.2022-June 2025 pean commercia
World-wide diversity
Protein/Digestibility
\‘/ RA-GT
( gAP iNSTITUT N4 Zn
e g e = EUROSORGHO
\ UMRBOA
| y. -
B 2 ITAVI PP a . .
ml A e . LINSTITUT TECHNIQUE DES FILIERES " -anlmal grOWth' Well-belng
:Egtirgﬁ;:glgzs‘ei ‘g}mgrag:t;; AVICOLE, CUNICOLE ET PISCICOLE Bin‘ogil:;[‘s Oiseaux _ m eat q u a | lty

& Aviculture

-proteomics

INRAZ

Sorghum protein content and digestibility p 17
Terrier-Montpellier-June 2023



Thanks !

plonies médirerranéennes et opicales

A iNSTITUT E At
(ag P Améliaration génétique st adapiation des %! S s e hiSies
Dz te entes
. &

M. Sene | J. Bonnicel

A. Berger M.H. Morel

F. De Bellis H. Mameri

‘?4 || FRichaud

M. Rios

C. Calatayud

D. Pot

Funding: SOKAFI from |NRA@
PhD grant for M. Séne INRA@ and ‘ cirad

INRAZ

Flavonoid biosynthesis in grape
Terrier-Copenhagen-dec 2022



	Digging into the transcriptome of a developing sorghum grain to find the culprits of protein content and low digestibility
	Diapositive numéro 2
	Diapositive numéro 3
	Diapositive numéro 4
	Diapositive numéro 5
	Diapositive numéro 6
	Diapositive numéro 7
	Diapositive numéro 8
	Diapositive numéro 9
	Diapositive numéro 10
	Diapositive numéro 11
	Diapositive numéro 12
	Diapositive numéro 13
	Diapositive numéro 14
	Diapositive numéro 15
	Diapositive numéro 16
	Diapositive numéro 17
	Diapositive numéro 18

