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GRAIN QUALITY

GLOBAL APPROACH TO INTEGRATE NEW TARGETS
IN BREEDING WORK

CAMPAIN FINANCED THE EUROPEAN UNION SUPPORTS
WITH AID FROM CAMPAIGNS THAT PROMOTE HIGH
THE EUROPEAN UNION QUALITY AGRICULTURAL PRODUCTS.

The content of this promotion campaign represents the views of the author only and is his/her sole responsibility. The European
Commission and the European Research Executive Agency (REA) do not accept any responsibility for any use that may be made
of the information it contains.
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Wo have

Sorghum plays a significant role in human food especially in
regions with challenging climates and lower incomes

Even if in Europe grain sorghum production is mainly dedicated to
feed, uses in human food are emerging.

In both cases, grain quality qualification and improvement are
important for the value chain.

NITROSORG project is an example of collaborative work which
addressed the objective to develop tools to be implemented in
breeding strategies
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EARLINESS
YIELD

PLANT ARCHITECTURE

STABILITY ACROSS ENVIRONMENTS
- Lodging resistance
- Drought tolerance
- Temperatures
- Stay Green
- Diseases (stem, foliar)

GRAIN \&)

- COLOR
- TANIN
- Grain content & quality
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NITROSORG

JAN 2022 - JUNE 2025

Total project amount: 243 343 €

(without public salaries)

CASDAR Grant (Public founding) : 192 562€

== CONTRIBUTION
Pahwcis o Tpalivd « Fearwrnicd F'NAN(?IT:RF
REPUBLIQUE FRANCAISE DU COMPTE
D ATFECTATION
e SPECIALE
MINISTERE DEVELOPPEMENT
DE L' AGRICULTURE AGRICOLE
ET DE =
1"ALIMENTATION ET RURAL
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NITROSORG PARTNERS

Nancy Terrier, INRAE, UMR AGAP ‘ David Pot, CIRAD, UMR AGAP
(Molecular Physiologis, biochemist = (a\gAP INSTITUT______ (GENETICIST)
v

nancy.terrier@inrae.fr ottt david.pot@cirad.fr
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ingénierie des Agropolyméres
& technologies émergentes

LINSTITUT TECHNIQUE DES FILIERES
AVICOLE, CUNICOLE ET PISCICOLE

PEAT A

UMRBOA
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Context: sorghum GRAIN

Vitreous
Main features Albumen

- 80% STARCH & PROTEINS |ocated
iIn albumen > genetic variability <

" Floury
Albumen

- STARCH: mainly AMYLOSE &
AMYLOPECTIN in pellet form

B,- 5- et v kafirines

/

- KAFIRINS: main sorghum proteins,
storage proteins

a-kafirines (80%)

Corps protéique du grain de Sorgho ENJOY
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Context: sorghum GRAIN

100 3 a 2 N a
° ° ege ” - [ ] ".-———._____‘—:
Low digestibility 2% i
£ g0 ¢— e S
- - |
% e
- Interactions between proteins g 7o 5 e
and other grains componants £ &0 c‘.‘\\:\\‘b.
S _
. T \‘\;_-___- v b
tanins, starch, cell wall % Ry s ol
“0 '.“M&il' > \';_- C.
»-Sorghum el

- Kafirin storage form in 30 - : : : :
albumen 25 40 55 70 85 10(
Temperature (*C)

. . Gulati et al.,, 2017
- Development of disulfide

bridges during grain formation Limit for food - digestibility decrease after baking
and baking

Criterias not yet targeted
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NITROSORG OBJECTIVES

Develop PHENOTYPING TOOLS & GENOMIC+ PHENOMIC PREDICTION MODELS
DELIVER TO BREEDERS PARTNERS phenotyping & prediction tools for targeted criterias

Characterize current commercial varieties offer and variability available in breeding programs
(protein content, digestibility, vitrosity, tanin content, starch)

Characterize « world » diversity trough a selected panel to look for relevant sources
Better understanding of biochemical factors impacting protein digestibility

VALIDATE these factors in poultry feeding: define an ideotype
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PROJECT ORGANIZATION

.

PHENOTYPING

WPI1

SPIR measures

Grain + leaves
i " |

Genetic PANELS
Commercial offer
Breeders ressources
World diversity
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Protein content &
digestibility estimation
(chemical + NIRS)
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GENOTYPING

/" WP3 IDEOTYPES DEFINITION
Test 5 varieties + CORN check
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GWAS
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SORGHUM A
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TOOLS DEVELOPMENT

DATA SET NIRS & Biochemicals

2018-2025 | NIRS: Bruker-TANGO = all samples
1500 samples - 4 programs, 6 sites  * °
WEST AFRICA

Improve productivity, resiliency & insure food REFERENCE DATAS
security - STARCH: enzymatic method (420 samples)

- PROTEINS: Kjeldahl method (240 samples)

L%y
”'

NitroSorg

2021-2024
3200 samples 3sites FRANCE

Improve grain quality & adapation for poultry
feed

BIOCH& SPIR SELMET lab
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NIRS CALIBRATION

Prédiction vs Vrai / MAT [%MS] / Validation croisée

WHOLE GRAIN

L SR {hy
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8 Y Measured 1 Amidon en eq glu mg/g MS (Farines 100um)
38 9 10 1 12 3 14 15 16 17 18 19 20
Labo Calib (Cross Validation - 353 ech) Validation (59 échantillons)
Offset: 2.455 Pente: 0,8 - 0.9021 SEL Prétraitement | NbLV SECV CV biais R2CV SEP Pred biais | R2Pred RPD
Rang: 17 R?2=81.34 Biais: 0.0358 RPD: 2.32
1050-2535 nm
SNV
21.17 Db e 9 23.4 -0.13 0.726 23.67 15 0.732 1.89
MeanCenter
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NIRS CALIBRATION

Grain, logl O(tanins),

2 4 RMSECV = 0.319

RPcv = 0768
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131 échantillons, test sur 34

— — Target line
Regression line
T

T T T
0.0 os 1.0 1.5

Measured

TANIN

Nir predicted

WHOLE GRAIN
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Gilles CHAIX
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GENETIC DIVERSITY AVAILABLE

WORLD DIVERSITY PANEL

PRIVATE ELITE PANEL
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303 SELECTED GENOTYPES

Sources

Nombre de génotype

Sources

v Core Collection CIRAD (CCC)

30

v Reference Set GCP 73
v CCC + Ref Set 30
v' Sorghum Association Panel (SAP) 119
v Référence bibliographique. Duressa et al., 2020 2
+ Kardes et al., 2021 24
+ Yanetal., 2011 8
+ Axtelletal., 1981 13
v Autres +  Collection ICRISAT 1
+  AG (MAGADJI3) 1
+  Control (BF201) 1
+_NITROSORG (Sorgho Bleu) 1

Deu et al. 2006
Billot et al. 2013

Billot et al. 2013 ; Deu et al. 2006
Boatwright et al. 2021 ; Sukumaran et

al, 2012 ; Cuevasetal., 2018 ; Luo et
al., 2016

Duressa et al., 2020
Kardes etal., 2021
Yanetal., 2011
Axtell et al., 1981

Hess et al., 2002

60 INBRED LINES PER BREEDER

Y

EUROSORGHO

THE SORGHUM BREEDER

R~A~GZ~T

Clothilde BOUBEE DE GRAMONT  Quentin DUPRAT

: Patrice JEANSON Joél ALCOUFFE
Fabien de BELLIS
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GENETIC DIVERSITY AVAILABLE B

Variability 2024 datas

%
80
100 -
60
@ @ 15
e £ : .
S S ° roupe
5 g : =
B B 40 g. NSGE
= . 2 I nsou
50 10
20
5
8 12 16 600 650 700 0 % 50 75
Teneur en protéine: Teneur en amidon mg/g Digestibilité des protéines

Protein content% Starch content mg/g Protein digestibility%
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COMPARISONS ENVIRONMENT - TRAITS

Corrélations triées (Protéines — Amidon — Digestibilité)

[ 1 ™ ™ c?t (Ql
. & & 2 8 B 8 o o 4
Panel mondial 8 & 2 2 R R & B 2 ¢
= = @ @ \ ! & e B B o .
e o 28 8 b b & 8 . E t I t
SERLERE nvironment correlations
e B B & : : \ 2 2 .
s £ £ % g g g g 3 2 Proteins: 0,38 to 0,62
Q. a. [~ 8 a (7] " w [ =l =l
Starch: 0,46 to 0,66
protein RAGT 2023 042 046 043 041 001 0.0
protein_RAGT_2024 047 . 026 027 002 -0.07

Digestibility year correlation 0,46

protein_Eurosorgho_2023 032 036 040 -023 -0.04 -0.04

protein_Eurosorgho_2024 -0.06 -0.11 045 035 -0.01 0.00

s Traits correlations

o Proteins - Starch négative
| &5 Digestibility - Proteins ~ 0
Digestibility- starch ~ 0,25

0.17 032 -0.06

-0.16 - 036 -0.11

starch_Eurosorgho_2023 043 026 040 0.5

starch_RAGT_2023

starch_RAGT_2024

04
starch_Eurosorgho_2024 -0.11 027 023 0.35
06
digestibility RAGT_2023 -0.01 0.2 -0.04 001 025 012 027 025
0.8
digestibility RAGT_2024 0.0 -0.07 004 0.00 033 028 038 035
-1
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IN PROGRESS

Estimation par calibration : teneur en Analy se des données phenotyplques
protéines et digestibilité des protéines ¢

Modeéle linéaire mixte
}

Modéle de calibration Valeurs phénotypiques — BLUPs
effets génétiques aléatoires pour les géno|

turbidité pepsine

GWAS
o gﬁ — Simpl v ULMLM (MLM, CMLM, Fast-LMM-Select)
E— @ Model :;’;te ¥ MLMM (MLMM, FarmCPU, BLINK)
‘g s odeles v mrLMM  (mrMLM, ISI EM-BLASSO , FASTmrEM|
g Multiple v prm
traits 1
B
C rai les donné ises i _r o
omparaison avec les données acquises S ofpoag o il b
sur le réseau de genes, la revue " -
c

GWAS - GENETIC DETERMINISM

PhD Mamadou SENE

((]gAP iINSTITUT

Ardl génétique of odop o o=
plantes méditerranéennes et wopicales
\\/

<ROM o
<
m 3 3 The content of this promotion campaign represents the views of the author only and is his/her sole responsibility. The European
So rg h U m 3 v Commission and the European Research Executive Agency (REA) do not accept any responsibility for any use that may be made
i *”' of the information it contains.

SORGHUM A KEY TO BUILD OUR FUTURE *xo

hauve
IO%easons

to invest in sorghum

Fevue bibliograpnique +
réseau de genes + GWAS
pour améliorer la prédiction

génomique Chromosoms

Marqueurs associés au trait

-log,o(p-valud

\
VAT A

PHENOMIC PREDICTIONS

Genomic Estimated
Breeding Value
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1000 78660
5 VARIETIES DIGESTIBILITY ANALYSIS o

IN VITRO ANALYSIS

Prot  Dig Protein Digestibility Hamza MAMER
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5 VARIETIES DIGESTIBILITY ANALYSIS
IN VIVO ANALYSIS

Flavie DEROUIN TOCHON

UMRBOA
.

Characterize animals answer at 2 levels

- proteins: nitrogen + amino acids Few differences between genotypes, ‘-' o
- energy (not finalized) except tanin one “ l
B a a a a Blologle‘des Oiseaux
Comparisons of sorghum varieties by oy B : HESEIE
substitution in a check feed of = — == | . I
céﬁ ‘-57 90 . . - 20 |?
100 = gi T . | v
80 = o T :
60 O o l .
40 = E 3 80 e
20 —§ Ee]
0 A "J; 3 oo
& D 7o
PO o I a8kt
.g("b A \\’é \\’é Q’b‘ \\’b& Q’b‘ o |
QQ’ (&) Lod
W Démarrage M Base Mais/Blé/Soja + AMV 60 ¢
B Variété 1 Variété 2 T CIRAD1 ISN60C MACIA TX623 SC59
W Variété 3 W Variété 4

W Variété 5
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CHICKEN PERFORMANCE TRIAL

Air-conditioned Eva PAMPOUILLE

electrical-electronic box

PC, electronic cards, data /
N 5 ITAVI
Antenna '
(adjustable position
accordingto the
animalsize)

Feed access
(adjustable in height,
adaptable to animal
size)

10 Chickens ROSS308 males (fast growth)
o 36 days
- Daily performances analysis

Statistic unit = chicken
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TRIAL RESULTS

WEIGHT + 36 DAYS

QUALITY RESULTS

hauve
10(?4/?easons

to invest in sorghum

Traitement
=R

ES Tx623
BS 1sN60C

BE scse

Bl CIRAD40

pH

Traitement
Teinte jaune B 7

ES 623
- B IsNsoC

— BE scso
. --- Bl CIRAD40

Poids du filet

Meat fillet weight

« ultimate pH »= meat quality
indicator

5,7 < NORM < 6,1
pH<5,7 soft meal, water loses
pH > 6,1 darker meat, less juicy

Yellow tint.. linked to corn
content

Poids a J36
3000
| .
2500
w0
o™
2 |
w
n=]
ke
o
2000
1500 .
3¢ TX623  ISN6GOC SC59  CIRAD40
Variété de sorgho
ALY o
g ®
Sorghum : V) } ission and the Euror
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W have

global approach across on entire chain value

- hudge amount of datas cumulated

- not finalized: work in progress for analysis and valorization
- regrets on tested varieties (not enough contrasted)

- some tools yet in implementation step (NIRS equation)
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