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AGAP Research Unit : Genetic Improvement and Adaptation of
Mediterranean and tropical plants
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AGAP Research Unit : Genetic Improvement and Adaptation of

Mediterranean and tropical plants g P
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» More than 300 employees grouped in 13 research teams NS
INSTITUTE

> 11 technical platforms and 3 Biological > 4 thematic clusters SerecInrcvemnt ord Adapito
Ressources Centres

. . *Identify key traits and processes involved in
Functional Analy5|5 and Genome > development and in adaptation to the environment
Editing p|atform *Elucidate the key mechanisms involved in the
> elaboration of traits of interest and
> their Genetic and Environmental variation
*Compare mechanisms between species

Plant cultivation platform

Molecular cytogenetic platform
Bioinformatics platform

Molecular biology platform (Guadeloupe)
Seed characterization platform

Technical platform of Roujol (Guadeloupe)
Cryopreservation platform

Ecophysiology platform

Robotic sequencing genotyping platform

Cell engineering platform

Mycology platform
Biochemical phenotyping platform




AFEG and InCell platform expertise and links

ANALYSE FONCTIONNELLE
& EDITION DES GENOMES

AFEG Platform
Classical molecular biology
platform / Genome Editing

Expertise

Provides plant scientists with
the environment and tools to
conduct studies to elucidate
gene function.
Expertise fields : Tropical and
Mediterranean species,
Genome Editing tools

Resp. Anne-Cécile Meunier

Vector cloning
Bacteriology

|
Molecular characterization

of produced plants
T
DNA /RNA /Protein working

tools and methods

Close functional links
AFEG and InCell
platforms

In Vitro Culture
Platform

Masters of
different cell
engineering
approaches
applied to the
improvement of tropical and
Mediterranean species.

Fa

Plant genetic transformation
1

Culture In Vitro (Multiplication,
cryoconservation, somatic hybridization)

I Resp. Aurore Vernet




Scientific missions of the AFEG staff:

Trainings
Transfer of skills

Expertise

Genome Editing
Expertise

Biotechnology

Development

of new tools




ACTUAL PROJECTS INVOLVING AFEG/INCELL STAFF:

Sometimes only an expertise or training Traini UPLB Philipinnes
rall’“ngs A F D AFEG platform

participation
ici i L] AGEMCE FH:-‘{{HJ'-'EJ i i i
> External sollicitation Transfer of skills e Training and expertise

FEXTE project : Technical assistance to

Expertise

Q““E‘Ef: AFEG platform NORCE Consortium
DARW % expertise (Norvegian Research center)

DARWIN : Development of new generation of innovative
and reliable DNA-based analytical detection methods for

NGT detection in food

Development
of new tools Application of tools




ACTUAL PROJECTS INVOLVING AFEG/INCELL STAFF:

Sometimes only an expertise or training . .
participation Trainings

> External sollicitation Transfer of skills

requested from AFEG/InCell Staff for Gene Expertise
Functional Analysis projects:
= Study of genes involved in development and
adaptation/response to abiotic stresses
= Study of genes involved in the response to biotic
stresses (pathogenic)
= Study of genes involved in
(genetic diversity)

> Working with AGAP Research teams

Development
of new tools Application of tools



ACTUAL PROJECTS INVOLVING AFEG/INCELL STAFF:

Sometimes only an expertise or training
participation
> External sollicitation

requested from AFEG/InCell Staff for Gene
Functional Analysis projects:
= Study of genes involved in development and

French National project (ANR)

AFEG collab with DARS research team
(Development and Adaptation of Rice and
Sorghum)

Identifying major genes and networks
involved in root tissue development and

UESC, Embrapa, UFV Brazil

adaptation/response to abiotic stresses \
= Study of genes involved in the response to biotic —

AFEG collab with SEAPAG research team

stresses (pathogenic)
= Study of genes involved in
(genetic diversity)

> Working with AGAP Research teams

French National project (PEPR)

DIVEDIT Project

Promoting AgrobioDIVersity
. through genome EDITing
rice

AFEG collab with GIV research team
(Genetic and Variety Innovation)

— | (Citrus evolution, polyploidie and breeding)

Genome Editing Optimisation

for CItrus

French National project
(PLANT ALLIANCE)

AFEG collab with DAAV research team
(Diversity, Adaptation and Breeding of Grapevine)

Precise edition of the I apevine
Development of innovative
processing methods for
transformation, regeneration

EDENNES Project




ACTUAL PROJECTS INVOLVING AFEG/INCELL STAFF:

Sometimes only an expertise or training . .
participation Trainings

> External sollicitation

Transfer of skills
requested from AFEG/InCell Staff for Gene Expertise
Functional Analysis projects:
= Study of genes involved in development and
adaptation/response to abiotic stresses
= Study of genes involved in the response to biotic
stresses (pathogenic)
= Study of genes involved in
(genetic diversity)

> Working with AGAP Research teams

AFEG platform is also interested in

Development developping innovative genome editing
tools, to answer internal or partners needs

of new tools > Methodological projects

Application of tools




ACTUAL PROJECTS INVOLVING AFEG/INCELL STAFF:

Sometimes only an expertise or training . .
participation Trainings

> External sollicitation

Transfer of skills

rrrrrr RT template
ing site including edit

requested from AFEG/InCell Staff for Gene ExPertlse . 3 . =
Functional Analysis projects: " O i Ty o
= Study of genes involved in development and T etmadetan 2019

adaptation/response to abiotic stresses Toward highlY Predictable Editing of the
= Study of genes involved in the response to biotic plant genome leXicon.

stresses (pathogenic)
= Study of genes involved in
(genetic diversity)

Prime Editing optimisation

R ice (as a model)

AFEG collab with DARS research team (Development
and Adaptation of Rice and Sorghum)

> Working with AGAP Research teams

AFEG platform is also interested in s ~N
Development developping innovative genome editing

tools, to answer internal or partners needs ) )
of new tools Application of tools

> Methodological projects
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AGAP PLANT SPECIES / TEAMS INTERESTED IN GENOME EDITING:

Sometimes only an expertise or training

participation
> External sollicitation

requested from AFEG/InCell Staff for Gene

Functional Analysis projects:

= Study of genes involved in development and
adaptation/response to abiotic stresses

= Study of genes involved in the response to biotic
stresses (pathogenic)

= Study of genes involved in
(genetic diversity)

> Working with AGAP Research teams

AFEG platform is also interested in
developping innovative genome editing
tools, to answer internal or partners needs

> Methodological projects

RICE (DARS team, GIV collab
GRAPEVINE (DAAV collab)
CITRUS (SEAPAG collab)

Other teams are interested in Genome Editing
project in AGAP unit but have no project or
work without AFEG/InCell Staff:

BANANA (GABA research team. Banana Genetics and Breeding)
RUBBER TREE (GSP research team. Genome and Selection of
Perennials)

CACAO (GSP research team. Genome and Selection of
Perennials)

SORGHUM (DARS research team. Development and Adaptation
of Rice and Sorghum)

COFFEE (Coffee Adapt (DIADE CIRAD Unit))

PALM OIL (F2F (DIADE CIRAD Unit))
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TOOLS AVAILABLE ON AFEG PLATFORM

Guiding
sequence Cas9
: f » SgRNA
DNA 8- : ) =
Cas9 FAVE APOBEC -
* * Xk %
CRISPR/Cas9 CRISPR/Cpf1 Base Editing

* Modified from Mazhar Adli, 2018

** Modified from Zaidi et al, 2017
Examples of application:

= Study of genes involved in development and adaptation/response to abiotic

stresses
= Study of genes involved in the response to biotic stresses (pathogenic)
= Study of genes involved in (genetic diversity)

= Methodological projects




TOOLS AVAILABLE ON AFEG PLATFORM

Guiding

sequence Cas9
: f » SgRNA
DNA g : ) o
Cas9 FAVE APOBEC -
* % %k %
CRISPR/Cas9 CRISPR/Cpf1 Base Editing

Gene KnockOut

* Modified from Mazhar Adli, 2018

** Modified from Zaidi et al, 2017
Examples of application:

= Study of genes involved in development and adaptation/response to abiotic

stresses
= Study of genes involved in the response to biotic stresses (pathogenic)
= Study of genes involved in (genetic diversity)

= Methodological projects




TOOLS AVAILABLE ON AFEG PLATFORM : CRISPR/Cas9

CRISPR/CASS Assessment of the roles of SPO11-2 and SPO11-4 in meiosis
advantages: in rice using CRISPR/Cas9 mutagenesis

Fayos et al, 2020
Table 1. Summary of sequence analysis at sites targeted by CRISPR/Cas9 mutagenesis in primary transformants
sgRNA Number of edited Number of Mutation Edited plants with a Single nucleotide
plants unedited plants frequency single nucleotide change change frequency

SPO11-1_ATG 9 3 75% 7 78%

SPO11-1_CDS 3 0 100% 0 0%

SPO11-2_ATG 15 4 79% 7 47%
SPO11-2_CDS 18 2 90% 10 56%

SPO11-4_ATG 28 5 85% 12 43%
SPO11-4_CDS 7 6 54% 2 29%

Total 80 20 80% 38 48%

Meiogeni




TOOLS AVAILABLE ON AFEG PLATFORM : CRISPR/Cas9

CRISPR/CASS Assessment of the roles of SPO11-2 and SPO11-4 in meiosis
advantages: in rice using CRISPR/Cas9 mutagenesis

Fayos et al " 2020 0sSP011-2_ATG: 0sSP0O11-2_CDS:

geegeggceagatcegg tcocgecgaggtcageceget

o LA LRI et

OsSPO11-4_ATG: OsSP0O11-4_CDS:
AATGgatgattcaacggatga acactatgcttatgat

SPO11-2_ATG SPO11-2 CDS
WT :GCCGCGGCAGTAaaxthGCGGAGGCGGGASTUGCGGCCGC:TCGCTC1TCGGCGCCGA:CGCCGCCTCTG‘TCCUCCGAQATCCTCCCT:CLGCCGAGGTCAGCCGUTCCTCCTCCTc
spcll-2-1 :GCCGCGCCAGTACGGGATTECCCCAGSCECEGAGTECCEECCGCCTCGCTCTTCGECGCCGACCECCGCCTCTGCTCCGCCCACATCCTCCCTCCCGCCCAGETCAGCCGCTCCTCCTCCTC +1
spcll-2-2 :GCCGCGGCAGTACGGGAATEGCGCGAGGCGGGAGTEGCGGCCGCCTCGCTCTTCGECGCCGACCGCCGCCTCTGCTCCGCCGACATCCTCCCTCCCGCCEAGGT CAGCCGCTCCTCCTCCTE +1
spcll-2-3 :GCCGCGGCAGTACGGG-TGGCGEAGGCGGEAGTGECGGCCGCTTCGCTCT TCGGLGCCGACCGCCGCCTCTGCTCCGCCGACATCCTCCCTCCCGCCGAGGTCAGCCGCTCCTCCTCCTC -1
spell-2-4 :GCCGCGGCAGTACGGGA-GGCGGAGGCGGGAGTGECGGCCGCCTCGCTCTTCGGCGCCGACCGCCGCCTCTGCTCCGCCGACATCCTCCCTCCCGCCGAGGTCAGCCGCTCCTCCTCCTC -1
spcll-2-5 :GCCGCGGCAGTAC----TGGCGGAGGCGGEAGTGGCGGCCGCCTCGCTCT TCGGCGCCGACCGCCECCTCTGCTCCGCCGACATCCTCCCTCCCGCCGAGGTCAGCCGCTCCTCCTCCTC -4
spcll-2-6 :GCCGCGGCAGTACGG= === CGGAGGCGGGAGTGGCGGCCGCCTCGCTC T TCGGCGCCGACCGCCGCCTCTGCTCCGCCGACATCCTCCCTCCCGCCGAGGTCAGCCGCTCCTCCTCCTC -5
spc11-2-7 :GCCGCGGCAGT===—-- TGGCGGAGGCGGEAGTGGCGGCCECC TCGCTL TTCGGCGCCGACCGCCGCCTCTGCTCCGCCGACATCCTCCCTCCCGCCGRGGTCAGCCGCTCCTCCTCCTC -6
BPCLI=2=8 & GG == = o o o e e e e o e e TCTG CGCCGAGGTCAGCCGCTCCTCCTCCTC -63
spcll-2-9 :GCCGCGGCAGTACGGGATEGCGEAGGCGGGAGTGGCGECCGCCTCGCTCT TCGECGCCGACCGCCGCCTCTGCTCCGCCGACATCCTCCCTCCACGCCGAGGTCAGCCGCTCCTCCTCCTC +1 . .
spcll-2-10:GCCGCGGCAGTACGGGATGGCGEAGGCGGEAGTGEGCGGCCGCCTCGCTCT TCGGCGCCGACCGCCGCCTCTGCTCCGCCGACATCCTCCCTCCGCGCCEAGGTCAGCCGCTCCTCCTCCTE +1 M el o g e n I
spcl1-2-11:GCCGCGGCAGTACGGGATEGCGGAGGCGGGAGTGGCGGCCGCCTCGCTC T TCGGCGCCGACCGCCGCCTCTGCTCCGCCGACATCCTCCCTCCCCGCCGAGGTCAGCCGCTCCTCCTCCTC +1 L
spol1-2-12: GCCGCGGCAGTACGGGATGGCGGAGGCGGEAGTGEGCGGLCGCCTCGCTC T TCGGCGCCGACCGCCGCCTCTGCTCCGCCGACATCCTCCCTCCTCGCCGAGGTCAGCCGCTCCTCCTCCTC +1 —
spcll-2-13: GCCGCGGCAGTACGGGATGGCGGAGGCGGGAGTGECGGCCGCCTCGCTCT TCGGCGCCGACCGCCGCCTCTGCTCCGCCGRCATCCTCCCTCCACCGCCGAGETCAGCCGCTCCTCCTCCTC +2
spcll-2-14: GCCGCGGCAGTACGGGATEGCGGAGGCGGGAGTGGCGGCCGCCTCGCTCTTCGGCGCCGACCGCCGCCTCTGCTCCGCCGRCATCCTCCCTCCCTCGCCGAGGTCAGCCGCTCCTCCTCCTC +2
spel11-2-15: GCCGCGGCAGTACGGGATGGCGGAGGCGGGAGTGGCGGCCGCCTCGCTCTTCGGCGCCGACCGCCGCCTCTGCTCCGCCGRCATCCTCCCT--CGCCGAGGTCAGCCGCTCCTCCTCCTC -2 AF EG
spol1-2-16:GCCGCGGCAGTACGGGATGGLGGAGGCGGEAGTGGCGGCCGCCTCGCTC T TCGGCGCCGACCGCCGCCTCTGCTCCGCCGACATCCTCCCTCC ---CGAGGTCAGCCGC TCCTCCTCCTC -3 QO
spol1-2-17: GCCGCGGCAGTACGGGATEGCGGAGGCGGGAGTGGCGGCCGCCTCGCTCT TCGGCGCCGACCGCLGCCTCTGCTCCGCCGRCATCCTCCCTC = mmmm mmmm AGCCGCTCCTCCTCCTC -10
spoll-2-18:GCCGCGGCAGTACGGGATEGLGGAGGCEGEEAGTGECGGLCECCTCGCT LT TCEGLGCCCACCGCCECCTCTGCTCCECCGA——————————— === ===~ GGTCAGCCGLICCTCCTCCIC -18
spcll-2-19:GCCGCGGECAGTACGGGATCGCGEAGGCGEEAGTGECEECCECCTCECTCT TCGECECCGACCGTCGCCTCT mmm mm mm o TCTCCC -50 ANALYSE FONCTIONNELLE

& EDITION DES GENOMES



TOOLS AVAILABLE ON AFEG PLATFORM : CRISPR/Cas9

CRISPR/CASS Assessment of the roles of SPO11-2 and SPO11-4 in meiosis
advantages: in rice using CRISPR/Cas9 mutagenesis

Fayos et al, 2020

> Allelic series: .

(confirmation of phenotypes) el Bl

40

& 1 !

SPO11-2_ATG SPO11-2 CDS ;
WT : ".5CCGCGGCAG’l‘P.CGGGPII‘GGCGGAGGCGGGAS’l‘(JGCGGCCGCC‘I'CGC’I‘C’["l’CGGCGCCGA‘LJCGCCGCC'I‘C'I.‘G "TCCGCCGACATCCTCCCTC CL‘GCCGAGG’I‘CAGCCGCTCC’ [
spell-2-1 :GCCGCGGCAGTACGGGATTGGCCGAGGCCEGAGTGGCGGCCGCCTCGCTCTTCGGCGCCGACCGLCCCCCTCTGCTCCGCCCGACATCCTCCCTCCCGCCCAGGTCAGCCGCTCC! o o=, &5
spcll-2-2 :CCCGCGGCAGTACGGGAATGGCEGAGGCGGGAGTEGCCGCCGCCTCGCTCTTCGGCGCCGACCGCCECCTCTGCTCCGCCCGACATCCTCCCTCCCGCCCAGGTCAGCCGLTCC! r . -
spcll-2-3 :GCCGCGGCAGTACGGG-TGGCGGAGGCGEEAGTGECGGCCECTTCGCTCT TCGGLCGCCGACCGCLCGCCTCTGCTCCGCCGACATCCTCCCTCCCGCCGAGGTCAGCCGCTCCT!
spell=2-4 :GCCGCGGCAGTACGGGA-GGCGGAGGCGGGAGTGGCGGCCGCCTCGCTCTTCGGCGCCGACCGCCGCCTCTGCTCCGCCGACATCCTCCCTCCCGCCGAGGTCAGCCGCTCCT! WT SPOII'Z_ATG SP011'2_CDS
Spc:;l -2-5 :GCCGCGGCAGTAC-——-TGGCGGAGGCGGGAGTGECGGLCECCTCGCTCTTCGGCGCCGACCGCLCGCCTCTGCTCCGCCGRACATCCTCCCTCCCGCCGAGGTCAGCCGCTCCTY (n:]_Z) (n=15) (n=18)
spoll-2-6
spell-2-7 -n
spcll-2-8 :GCCG . ope
spell=-2-9 :GCCGCGGCAGTACGGGATGGLGEAGGCGGGAGTGGCGGCCGCCTCGCTCTTCGGLGCCGACCGCLGCCTCTGCTCCGCCGACATCCTCCCTCCACGCCGAGGTCAGCCGLTCCTCCTCCTC PO I I e n VI a b I I Ity
spoll=-2-10:CGCCGCGGCAGTACGGGATGGCGGAGGCGCGAGTGGCGGLCGCCTCGCTCTTCGGCGCCGACCGCLGCCTCTGCTCCGCCGACATCCTCCCTCLCGCGCCCAGGTCAGCCGCTCCTCCTCCTC
spoll-2-11:CGCCGCGGCAGTACGGGATGGCGGAGGCGGEAGTGGCGGECCECCTCGCTCTTCGGCGCCGACCGCCGCCTCTGCTCCGCCGACATCCTCCCTCCCCGCCCGAGGTCAGCCGCTCCTCCTCCTC
spoll-2-12: GCCGCGGCAGTACGGGATEGCGGAGGCGEGAGTGECGGLCECCTCECTCTTCGGCGCCGACCGCCGCCTCTEGCTCCGCCGACATCCTCCCTCCTCGCCGAGGTCAGCCGCTCCTCCTCCTC
spcll-2-13:GCCGCGGCAGTACGGGATGGCGGAGGCGGGAGTGGCGGCCGCTTCGCTCTTCGGCGCCCACCGCCGCCTCTGCTCCGCCGACATCCTCCCTCCACCGCCGAGGTCAGCCECTCCTCCTCCTC
spcll=-2-14:GCCGCGGCAGTACGGGATGGCGGAGGCGGGAGTGGCGGCCGCCTCGCTCTTCGGCGCCGACCGCCGCCTCTGCTCCGCCGRCATCCTCCCTCCCTCGCCGAGGTCAGCCGCTCCTCCTCCTC
spell-2-15:GCCGCGGCAGTACGGGATCGCGGAGGCGGGAGTGGCGGCCGCCTCGCTCTTCGGCGCCGACCGCLCGCCTCTGCTCCGCCGACATCCTCCCT--CGCCGAGGTCAGCCGCTCCTCCTCCTC
spell-2-16:GCCGCGGCAGTACGGGATGGLGGAGGLGGEGAGTGGCGGCCGCCTCGCTCTTCGGCGCCGATCGCLGCCTCTGCTCCGCCGACATCCTCCCTCC===CGAGGTCAGCCGCTCCTCCTCCTC
spoll=-2-17:GCCGCGGCAGTRCGGGATGGCGGAGGCGGGAGTGGCGGCCGCCTCGCTCT TCGGCGCCGACCGCCGCCTCTGCTCCGCCGRCATCCTCCCTCC=mm = m —— AGCCGCTCCTCCTCCTC
spcll-2-18:GCCGLGGCAGTACGGGATGGUGGAGGCEEEAGTGECGGLCECCTCGCTCTTCGGLGCCCACCGLLGLCTCTIGCTCCECCGA—————————————————— GGTCAGCCGCTCCTCCTCCTIC
spoll=-2-19:GCCGCGGCAGTACGGGATCGCGGAGGCGCECAGTGECGGCCCCCTCGCTCT TCGGCCCCCACCGLLGCCT T === mm == m e e e e e e e e e e e e e e TCT




TOOLS AVAILABLE ON AFEG PLATFORM : CRISPR/Cas9 - multiplexing

CRISPR/CAS9
advantages:

= Study of genes involved in development and adaptation/response to abiotic

CAS9
stresses
= Study of genes involved in the response to biotic stresses (pathogenic)
= Study of genes involved in (genetic diversity)

= Methodological projects



TOOLS AVAILABLE ON AFEG PLATFORM : CRISPR/Cas9 - multiplexing

CRISPR/CAS9S

advantages:

multi-locus targetting

High-frequency synthetic apomixis in
% 5 % hYbrid rice Vernet et al, 2022

g EHNH"“’-’ ”“M“Ssmﬂmm U6 PAIRL < UB RECE © UB 0sD1 © UB :::a OsBBM1 |

In this study : Multiplexing of 4 guides + surexpression of a gene :

Apomictic rice in a Elite line (= no meiotic recombination) B, Pl e
— (1n)
whic — = _:% o s o] e e e e e s Wild- ,O_ CO:\ @

e v o e e —
g — + e = St e type
$-C 3023+ i
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I — s | (R L — " S S [POA ] Ko e no rcccmbmahon expressing &
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embryo development



TOOLS AVAILABLE ON AFEG PLATFORM : CRISPR/Cas9 - multiplexing

CRISPR/CAS9S

advantages:

g | sequence deletion,

Gznlus

2012-2017

CASO = Study of genes involved in development and adaptation/response to abiotic
stresses
= Study of genes involved in the response to biotic stresses (pathogenic)
= Study of genes involved in (genetic diversity)
= Methodological projects



TOOLS AVAILABLE ON AFEG PLATFORM : CRISPR/Cas9 - multiplexing

CRISPR/CAS9
advantages:

- BN GeneOssAPo

5UTR |, CDS | 3'UTR
| | | | 929 bp

| - | | 521 pb
M MW 99 pp (no deletion)

C L Ll 408 bp (CDS deletion)

CASO no deletion

1 allele deleted

1 allele no deletion P
Deletion on both alleles G

“ANIUS




TOOLS AVAILABLE ON AFEG PLATFORM : CRISPR/Cas9 - multiplexing

CRISPR/CAS9S

advantages:

OsSAP9 gene deletion of regions one by one
G% (% A B C D E
INTRON ” |l
: E CDS SA
) 3 2kb " 05k > Gets harder

when region

Targetregion DE CE AB BE AC AE Size increase
{Multiplex Construct) {n:m {nas: {rma: {rusn {r115: {TI?EJ

Number of independent
avents with successful PCR

Number of events with at
least one deleted allele
(sequence ascertained) 16 5 3 17 3 1

&
% deletion 39% 21% 4% 18% 8% 2% G’i’“ I u s




TOOLS AVAILABLE ON AFEG PLATFORM : CRISPR/Cas9

Guiding
sequence Cas9

E » sgRNA
DNA ok o T ) o
Cas9 Szt APOBEC @
* * % *
CRISPR/Cas9 CRISPR/Cpfl Base Editing

Gene KnockOut

* Modified from Mazhar Adli, 2018

** Modified from Zaidi et al, 2017
Examples of application:

= Study of genes involved in development and adaptation/response to abiotic

stresses
= Study of genes involved in the response to biotic stresses (pathogenic)
= Study of genes involved in (genetic diversity)

= Methodological projects




TOOLS AVAILABLE ON AFEG PLATFORM : CRISPR/Cas9

Cultivar R570 bears a major gene (Brul) that provides
resistance to brown rust (1996)

Brul confers durable resistance to brown rust and

explains resistance in many cultivars worldwide

| Research of rust resistance genes by CRISPR/Cas
/ I LA mutagenesis in a resistance QTL

sl wp ¥ fea
| S sugar cane
Brown rust Collab :
PucCini lanocephala 700 progeny of R570 (selfed) : .
uccinia me P evaluated: Structure and Evolution of Genomes team (AGAP)

CHAC R’A\ (Argentina)

Daugrois et al, 1996, TAG; EXPERIMENTAL AGRICOLA SANTA ROSA

Grivet et al, 1996, Genetic.

Asnaghi et al 2004, TAG a major resistance gene
AFEG platform

(CRISPR design and construct only)




TOOLS AVAILABLE ON AFEG PLATFORM

T-rich PAM

S

Guiding

Cpfl
sequence Cas9 %
: f » SgRNA _
3 — )
T, i ~ W"

a2 oS ®
Cas9 sl APOBEC @
% * *
CRISPR/Cas9 CRISPR/Cpfl Base Editing
Casl2a

* Modified from Mazhar Adli, 2018

** Modified from Zaidi et al, 2017

G=nIuS

Examples of application:

= Study of genes involved in development and adaptation/response to abiotic

stresses
= Study of genes involved in the response to biotic stresses (pathogenic)
= Study of genes involved in (genetic diversity)

= Methodological projects




TOOLS AVAILABLE ON AFEG PLATFORM - CRISPR/Cpf1

(A) CRISPR-Cpfl
Casl2a

(8) CRISPR-CasS

G-rich PAM
i Cas9 .
Trlch_P'h.ﬁ.M Cpfl -
A
™ II‘!.»-

sgRNA

Sticky ends

HRRRRRERRN SINEENNEEE

Blunt ends

‘_
%

Zaidi et al, 2017



TOOLS AVAILABLE ON AFEG PLATFORM - CRISPR/Cpf1

LbCPF1

GCGGTGCTCGGTGATGATGGAGCTGACTATGCAARGAACAAC
|

BEnCas9

AAGCTCACAATCAGGTATTGTACTTTCAGGAGACAGG

y ATG | | .
oscao: [ (- O HEH

ATGTCAACCAAGCTCTTGAGGTGGTCCGGTTCGATAT

257
371
445
SpCAS9 515
553
€E7
741
ALS
AES
sE3
1027
1111
1185
1255
1223
1407
1481
1555
1€25
1703
1777

-

Sequence Comments Extremities Features

Herbert et al, 2020 &
Genlus

O D A A AT AR G EI T AR I OO A eI O RACAGAT AR GEEEOEOEOEEOGAGT GEOE0ED

T e S e L e COGEATTAGAGATTTCOGARATATCTITTCGOGGAGARAGRRARRRRY
ATTAG 3 TATGEEEAGTATTTETGEOETTTTTATTTTIGITTTTEEEI0R
CACTE Cpfl target ACTETEECATCECTEICI ITECIGOCECACT TGCTCATCARGOCTIC
CTTCA memreem—- T T CT TCTTETTGTT TEITIGECE
ATTCTTGAATTTGTTT sssmuﬁss:sﬂssmsmzi Cas9 target GTTCAGETGE
COATTCTTGATGARRR N TEAGTETTTGASTTTGAGCAGTS TCTEATTSE
ATTCTTTGTEATGEI TEAT I TTTIGT TCAGACAATGET TTCARGGET TCTET R TTCT TCAGACCOCATATCTT

FITECCAATTITICITIED
CIAACCACAGECITATCT
TAGAGIGCATGIGAGE

AR T I T CIAT T GAANT ARG CARAA AR ACARATCTTGAT CARGEACAGDC
AR AT TR T AR TT AR CT I T I TOCARCAR AT RO T FCAGCT T T,
LA AT AT TTAACTAGRE TTT T AAT T T T T GATACTAGITTGEICIGET
T GAT AR T T AT I A I T I GAT T GAAA T ACACAGEEICI T GETAGAT A\ GRAGGAAT CARGET GL
AT eI I AT AT GRAGTTGACTAT FCARAGR R CA R CGCAT GEEAGECCT TOCATEIOEATIEAC
OGO CAR I T CARTTGCAR A A G A A T I T T AT I CARAC CAR G T T TEAGET EET COEETTOGR
TR ARG AT T AT T AR AGEAC T O T CAC AT CAT GEITCITCACARCA R GET AGEARAGCR
TR AT A AR T T AGAGAAGAGET CAR A G T T T CATAGT I GAATTTITACAGATCATGEEATTCAR AR
T AT AT AT AR T A AT T T AT T ARG T T O GEAT AT GACATAGEITAACTTARAATGARATTTITT
AR AT T CARAR T CCAGET G AGAGEI T I T AT T T TAGC AR GERACGT T CAACT CARATTGEARACCTTGAGEA
ARG T TG ACAATTACACEARGAATTGECAR A AT AR A TCAGETATTCTACITTCAGEAGACAGEAGOC
AAAT AR T T AR T ATTAT AT AT T I GAT GI T I TACAT I I ARAT O CAGEITCAT CIGI COGEAR AT A
AGTAT AT T O I T GATAAGTTGECACAR A TGEAGAC T T I C AR GACAGACTGITECAAGAT GEAGECT

T R PR R L R, T T T e e R, T L T PR T T T, R R AR R R R R

AFEG
XU

ANALYSE FONCTIONNELLE
& EDITION DES GENOMES




TOOLS AVAILABLE ON AFEG PLATFORM - CRISPR/Cpf1

Table 1 Homozygous, heterozygous, biallelic and wild-type plants produced using 5pCASS, LbCPFI and BE_nCASSD10A expressed
as % of analyzed regenerated plants

Homozygous Biallelic Heterazygous Wild type

SpCASY (n =35) 37.1% (13) 45.7% (16) 11 4% (4)

5.7% (2

LECPFT (1= 25) 12% (3) 400 (10) 16% (4)

28% (7)

Cas9: Better cut-off efficiency than Cpfl Herbert et al, 2020

== More mutants

==) More often on 2 alleles

Genlius




TOOLS AVAILABLE ON AFEG PLATFORM - CRISPR/Cpf1

Obtained with CAS9 Obtained with CPF1 (Cas12a)

ATATCGARCCGGACCACCTCAAGAGCTTGGTTGACATCCAAGAR WT [x4] GTTGTTCTTTGCATAGTCAGCTCCATCATCACCGAGCACCCCATACACCTTGA WT  [x4]
ATATCGARCCGGACCACCTCARGNAGCTTGETTGACATCCARGAR  +1 [x28] (16A,5G,4T,3C) GTTGTTCITTGCATAGTCAGCTCCATCA- -~ CCGAGCACCGCATACACCTTGA -3 [x10] 2 homo
ATATCGAACCEGACCACCTCARG--CTIGETTGACATCCARGAR [x4] GTTGTTCITIGCATACTCAGCTC - -~~~ =~~~ ~GAGCACCGCATACACCTTGA [x2] homo
RTRTCGM'\.{'.L'.[%H.l‘i.I:!I:Z.Fl.{‘.{‘.'I':TA—[%RGEZ'Z'ETT‘G&EHTCCA&GM [x3] G'I'I‘G'I‘TC&TGI‘J\'I'AH'[‘LZJ'LGE!"J'{‘.{‘_A'I' GAGCACCGCATACACCTTGA [%x2]
ATATCGAACCGGACCACCTCAR---CTTGGTTGACATCCAAGAA [#2] (homso) GTTGTTCTTTGCATAGTCAGCTCCATCA GCACCGCATACACCTTGA [x2]
ATATCGARCCGGACCACCTCARGA-—————————-———————= A -19 [x2] (homo) GTTGTTCTTTGCATAGTCAGCTCCAT - —-————= AGCACCGCATACACCTTGA -8  [x2]
ATATCGAACCCRACCACCTCARGA ' GCTTEGTIT  +415 [x2] (homo) GTTETTCITTGCATAGTCAGCTOCAT - - - ~ACCEAGCACCEGCATACACCTTGA —4

ATATCGAACCGGACCACCTCARGR ACATCCRAAGAR +2 (-9,411) GITGTTCTTTGCATAGTCAGCTCCAT A<~~~ GAGCACCGCATACACCTTGA -5

ATATCGAACCGGACCACCTCA GCTIGGTTGACATCCAAGAR +2 (-3,45) GITGTTCTTTGCATAGTCAGCTCCATC -———- CGAGCACCGCATACACCTTGA -5

ATATCGAACCGGACCACCTCAL: 1 -AGCTTGETTGACATCCAAGAA +2 (-1,+3) GTTGTTCTTTGCATAGTCAGCTCCA-——— == CACCACCGCATACACCTTCE —8
ATATCGARCCEERCCACCTCARCGRECTTGE TTGRCATCCARGAR  +1 GTTETTCTTTGCATAGTCAGCTCOAT -~~~ —-==~ GCACCGCATACACCTTGRE —9

ATATCGAACCGGACCACCTCA GCTTGGTTGACATCCAAGAR +1 (-3,4+4) GT‘TGTTCE:‘J\'I'AL&'[‘L:nGE:"J'{‘.{‘.A __________ GOACCECATACACOTTGA —10

ATATCGAACCGGACC CARGAGCTTGGTTGACATCCAAGAR  +0 (—4+4) GTTGTTCTTTGCATAGTCAGCTC -~ ———= === === GOACCGCATACACCOTTGA —12
ATATOCGRACCGEACCACCTCRAACA—CTTRGTIGACATCCAAGRA. -1 GTTGTTCITTGCATAGTCAGCTCC-———————————= ACCGCATACACCTTGA -13
ATATCORACCGGACCACCTCARGAGCTIGETY -RCATCCAAGRA. -1 GTTGTTCTTTGCATAGTCAGCTCC === = === m CCGCATACACCTTGA -14
ATATCGAACCGGACCACCTCARGAG: --GETTGACATCCARGAR -2 (-341) GTTCTTCTTTC A== mmmmm = mm = mm = =CACCGAGCACCGCATACACCTTGA —16
ATATCGANCCGGACCACCTCANGRG - -~GGTTGACATCCAAGAR -3 GTTGTTCEEH TAGTOAGETCC A= = == = e e e o e e TACACCTTGA —18

ATATCGARCCGGACCACCTCA --—GGTTGACATCCAAGAR -3  (-7,+4) GTTGTTCE: A e ATACACCTTGA —26

ATATCGARCCGGACCACCTCARCR ---CATCCAAGAR -3 (-10,+7) -

ATATCEAMCCEGACCACCTC ----GTTGACATCCAAGAR -4  (-9,+5) B Herbert et aI, 2020
ATATCGANCCGGACCACCTC---~GCTTGGTTGACATCCAAGAR  —4 . . :

ATATCGARCCGGACCACCTC --—-ATCCAAGAA -4 (-15,411) lefe re nt klnd Of mUtatIOnS

ATATCGARCCEGRACCACCT oot gagomm=m===== TCCAAGAR -9 (-17,+8)

(T Y 0 T o S — f ETS—— GRACTTGCOT  —32 (—35+43) 7 AFEG
ATATCGARCCGGACCACCTON ===/ /=== CTCCCATGCGTT -T& (-T7+1) m I u s - ..'.’_l-‘\’ »
ATATCCAATTTTG-———/f f-——————————=—= TTCTTTGCATA  —251 ‘\‘\‘ “@ \\\\‘W

A ANALYSE FONCTIONNELLE
& EDITION DES GENOMES



TOOLS AVAILABLE ON AFEG PLATFORM - CRISPR/Cpf1

nkrame QutFrame

108 (6) 90 (56)

43% (13) 57% (17)

=F f

Herbert et al, 2020

Allelic frequency for « +1nt » “simple” CASO:

Knock out genes (high frequency frame shift)
Cas9: 42,4% (28 alleles over 66)

Cpfl: 0% VS

“simple” CPF1 (Cas12a):
Deletion of a protein domain/amino acid group without frame shift
Targeting regulatory/promoter regions... etc

L 4

Genlius




TOOLS AVAILABLE ON AFEG PLATFORM - CRISPR/Cpf1

QutFrame

90% (56)

7% (1 7)
F) & lI d II

43% (13) 5
Herbert et al, 2020

Allelic frequency for « +1nt » “simple” CASO:
Knock out genes (high frequency frame shift)

Cas9: 42,4% (28 alleles over 66)

Cpfl: 0% VS
“simple” CPF1 (Cas12a):
T Deletion of a protein domain/amino acid group without frame shift
Targeting regulatory/promoter regions... Etc
E Gene Knock out for allele engendering sterility (to obtain progeny / nuls segregants...)
=R

L 4

Genlius

WT SPO11-1_ATG SPO11-1_CDS
(=) el (n=5) Fayos et al, 2020




TOOLS AVAILABLE ON AFEG PLATFORM - CRISPR/Cpf1

Guiding
sequence Cas9

E » sgRNA
DNA ok o T ) o
Cas9 Szt APOBEC @
* * % *
CRISPR/Cas9 CRISPR/Cpfl Base Editing

* Modified from Mazhar Adli, 2018

** Modified from Zaidi et al, 2017
Examples of application:

= Study of genes involved in development and adaptation/response to abiotic

stresses
= Study of genes involved in the response to biotic stresses (pathogenic)
= Study of genes involved in (genetic diversity)

= Methodological projects




TOOLS AVAILABLE ON AFEG PLATFORM - Base Editing

Gene

ATTTCAT
TAAAGTA

Nucleotide substitution l

. Nucleotide conversion
(no frame shift) Cytidine
Deaminase l

I:: . nCAsg f_::l
—_— Gene

ATTTTAT
TAAAATA




TOOLS AVAILABLE ON AFEG PLATFORM - Base Editing

CAO1 mutant plant

ARGCTCACAATCAGGTATTGTACTTTCAGGAGRACAGG Wild-Type [x66]
AAGCTCACARTTAGSTATTETACTTTCAGGAGACAGE C>T [x18]

RAGCTCRACAATGAGGTATTGTACTTTCAGGAGRCAGG C>G [x2]

ARGCTCRACRATCAG-——-—---—-TTCAGGAGACAGG —10 [x1]
ARGCTCRACART = =========== TTCAGEGAGACRGE -12 [x1]

The crRNA for BECASYS was
designed to introduce a stop in
a CAO (Chlorophyll A
Oxygenase) reporter gene

36,4% of correct edited plant
(6Ho + 10He over 44)

Base Edited plant

Table 1 Homozygous, heterozygous, biallelic and wild-type plants produced using SpCAS9, LbCPF1 and BE_nCASSD10A expressed
as % of analyzed regenerated plants

Homozygous Biallelic Heterozygous Wild type
SpCASS (n =35) 37.19% (13) 45 7% (16) 11.4% (4) 5.7% (2)
LbCPFT (n =25) 12% (3) 40% (10) 16% (4) 28% (7)
BE_nCASSDI0A (n =44) 13.6% (&) 0% (0) 22.7% (10) 63 6% (28)

Herbert et al, 2020




TOOLS AVAILABLE ON AFEG PLATFORM - Base Editing

Guiding

sequence Cas9
: f » SgRNA
DNA g : ) o
Cas9 FAVE APOBEC -
* % %k %
CRISPR/Cas9 CRISPR/Cpf1 Base Editing

* Modified from Mazhar Adli, 2018

** Modified from Zaidi et al, 2017
Examples of application:

= Study of genes involved in development and adaptation/response to abiotic

stresses
= Study of genes involved in the response to biotic stresses (pathogenic)
= Study of genes involved in (genetic diversity)

= Methodological projects




TOOLS AVAILABLE ON AFEG PLATFORM - Base Editing

Oryza sativa (rice)
2 subspecies: indica and japonica

Indica better NUE than japonica

21011 2 3 4 4 g 100 kb = B0 - 5 15-
e S =
i ' il TOY - b= 1.2 -
LOC_Os10g40600 2 804 = T
- OsNRT1.1b = T z 0.91
ATG TAA ® 40 2 064
= s
5 UTR [ s 3 UTR - > s
2039 = -3
SNP1 ¢.980C>T SNP2 8 20 g n
= 0-— . .
Hu et al., 2015 Nip NIL = Nip + NRT1.1b-indica

Jjaponica

» Nipponbare cultivar



TOOLS AVAILABLE ON AFEG PLATFORM - Base Editing

Thesis Léo Herbert / Dr Christophe Périn
(Agropolis Foundation Project "GeneRice" 2017-2019):

» Precise targeting with Base Editor of the cytosine responsible for the worst NUE in a
japonica fund GROWN in Madagascar: Chhomrong DamThen

» Phenotyping in the field (Colombia CIAT) under conditions of high and low nitrogen
concentration

>Measurement of various agronomic parameters

. Photo : CIAT



TOOLS AVAILABLE ON AFEG PLATFORM - Base Editing

RADAR Agronomic parameters

*% NRT1.1b-C allele y .
Harvest index arvest index
e NRT1.1b-T allele
NUE Yield
- * % *
Panicle 1000 Panicle 1000
number grain number gramn
weiaht dede weiaght
* % *
Grain k% Grain
number / number /
panicle panicle
*
0 kg Uree 90 kg Uree
Idem Hu et al., 2015 91

Agropolis Fundation project « GeneRice » 2017-2019 Léo Herbert Thesis



TOOLS AVAILABLE ON AFEG PLATFORM - Base Editing

RADAR Agronomic parameters

k% NRT1.1b-C allele _
Harvestindex | NRT1.1b-G (undesired allele) Harvest index

NUE i
Je %%
Panicle 100_0 Panicle 100.0
number grfaln number gr:am
W““** weight ke weight
%* %
Grain ** Grain
number / number /
panicle panicle
*
0 kg Urée 90 kg Urée

Agropolis Fundation project « GeneRice » 2017-2019 Léo Herbert Thesis



TOOLS AVAILABLE ON AFEG PLATFORM - Base Editing

RADAR Agronomic parameters

k% NRT1.1b-C allele _
Harvestindex | NRT1.1b-G (undesired allele) Harvest index

* %

NUE Yield

%%
Je %%
Panicle 100_0 Panicle 100.0
number grain number grain
weight ke weight
*% %%
Grain ** Grain
number / number /
panicle panicle
*
0 kg Urée 90 kg Urée Unfortunately
Phenotype not
confirmed...

Agropolis Fundation project « GeneRice » 2017-2019 Léo Herbert Thesis



TOOLS AVAILABLE ON AFEG PLATFORM

Guiding

sequence
"

DNA\"'——' i. = N ‘ .‘ . @
Cas9 Szt APOBEC) P
* * % *
CRISPR/Cas9 CRISPR/Cpfl Base Editing

* Modified from Mazhar Adli, 2018

** Modified from Zaidi et al, 2017

Some tools are available for Monocotyledone (Model species Oryza sativa (Rice)) or

Dicotyledone (model species Arabidopsis thaliana [/ under implementation — 2024-2025)
Multiplexing

Under MTA signature for research use only




TOOLS AVAILABLE ON AFEG PLATFORM

Annex 4: Terms and conditions of use

Terms and Conditions of use

1. The RECIPIENT and the RECIPIENT SCIENTIST agree that the MATERIAL:

(a) is to be used solely for teaching and academic research purposes; 1

(b) will not be used in human subjects, in clinical trials, or for diagnostic purposes involving human subjects
without the written consent of the PROVIDER;

(c) is to be used only at the RECIPIENT organization under the direction of the RECIPIENT SCIENTIST or others
working under his/her direct supervision;




TOOLS AVAILABLE ON AFEG PLATFORM

Guiding
sequence

DNA < \ . ” S @
Cas9 S APOBEC o
k %k %k
CRISPR/Cas9 CRISPR/Cpfl Base Editing

TOOLS UNDER DEVELOPMENT ON AFEG PLATFORM

SR PEPR d’une Stratégie Nationale Primer- RT template
£ Projet cible bmdlng site lncludlng edit
2022
PEPR Scélection végétale avancee FRRR
Toward highlY Predictable Editing m(—— w
of the plant genome leXicon. Prime Editing
Optimisation

Anzalone et al, 2019



TYPEX PROJECT

Model crops

WPZ - Deploying prime-editing in crops

Rice Wheat  Maize Tomato Foplar

‘ Model plants

nickase

TYPEX Project:

Toward highlY Predictable Editing

T Y P E X of the plant genome leXicon. Prime Editing
Optimisation

TOOLS FOR INNOVATION

Huang et al 2021



CIRAD Genome Editing platform overview CI FG d ‘ %,P

ACRICULTURAL RESEARCH . *
FOR DEVELOPMENT INSTITUTE
Genetic Improvement ar d Adaptatior

» AGAP - CIRAD Unit in few words

» AFEG and InCell platforms expertise and links

» Actual projects involving AFEG/InCell staff

» AGAP plant species / teams interested in genome editing / for
future collaboration?

» Genome Editing Tools available on AFEG platform

= Mutation detection and analysis



TECHNOLOGIES* AFEG/INCELL PLATFORMS

STABLE GENETIC TRANSFORMATION *USEFULL FOR GENOME EDITING PROJECT

Suspension

d’Agrobacterium transformé
Explants

de la plante
a transformer

Slological or Indirect
transfer
Via Agrobacterium

Transformation

tumefaciens iocoie ég L)

Coculture

Traitement

= par un agent sélectif
/ _ (antibiotique,
z ( -4 )| herbicide...)
Sélection ‘\\
des cellules "
N\ = -
transformées . ' Mise
——— en culture

Seules les cellules végétales
transformées se développent



TECHNOLOGIES* AFEG/INCELL PLATFORMS

STABLE OR TRANSITORY GENETIC TRANSFORMATION *USEFULL FOR GENOME EDITING PROJECT

microparticles (tungsten or gold)
coated with DNA or proteins to be projected into cells.




TECHNOLOGIES* AFEG/INCELL PLATFORMS

STABLE OR TRANSITORY GENETIC TRANSFORMATION *USEFULL FOR GENOME EDITING PROJECT

DNA or proteins to be integrated into cells.

Electroporation

Cas9
s . ’ _

molecules Cell membrane
- L
https://www.researchgate.net/figure/Schema-de-l-electroporation-30_fig7_41903866



TECHNOLOGIES* AFEG/INCELL PLATFORMS

TEAMS USING CIV PLATFORM

Rice. DARS team* / GIV team

Sorghum. DARS team

Rubber tree. GSP team

Grapevine. DAAV team
Banana. GABA team

Cacao. GSP team

Citrus. SEAPAG team

Apple tree. AFEF team
Palm Oil. F2F team *

Coffee. COFFEEADAPT team *

CIRAD AGAP Unit / *CIRAD DIADE Unit

Agrobacterium

Routinely used

In progress
Routinely used
In progress ++

Interested

Interested

In progress

In progress

Routinely used

Biolistic

Routinely used

Protoplast
regeneration

In progress (No Tg)

In progress

Protoplast for assays (no
regeneration)

Routinely used

Routinely used

Routinely used

Routinely used

Routinely used

In progress ++



CIRAD Genome Editing platform overview CI FG d ‘ %,P

ACRICULTURAL RESEARCH . *
FOR DEVELOPMENT INSTITUTE
Genetic Improvement ar d Adaptatior

» AGAP - CIRAD Unit in few words

» AFEG and InCell platforms expertise and links

» Actual projects involving AFEG/InCell staff

» AGAP plant species / teams interested in genome editing / for
future collaboration?

» Genome Editing Tools available on AFEG platform

* Transformation methods / Transgenesis



TECHNOLOGIES* AFEG/INCELL PLATFORMS

*USEFULL FOR GENOME EDITING PROJECT

il \M\f’ \ /\J/\_J/\/J\J\J\/\ il QN\ ,/”ANV\/LJ\A NJ\ J\_A_g J\UJ\MM”\J

SANGER sequencing and deconvolution analysis AFEG platform (CIRAD - AGAP)

Step 2: PCR to add indeces & adapters (kit Nexte]

~

NGS amplicon deep sequencing and analysis —

Bioinformatic platform (CIRAD- AGAP) |




THANK YOU FOR YOUR ATTEN
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Léo Herbert (GIV -Meiogenix)

Christophe Périn
and all DARS team member

Anne-Cécile Meunier anne-cecile.meunier@cirad.fr
AFEG Platform. CIRAD Montpellier
Angélique D’Hont (SEG)



