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Site-directed nucleases
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8 — Site Directed Nucleases

Site-Directed Nucleases
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SDN-induced DSB
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(deletions, insertions, substitutions)

Applications of SDNs-induced Gene Targeting

Precise modifications ofthegenome:

- Functional analysisof genes
- Biotechnological improvement of species

Gene knock-out Allele replacement Promoter modification Targeted transgenesis
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Potential applications of SDNs for Plant Breeding

1) Validation of candidate genes by SDN-induced gene knockout
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2} Knock-out {loss of function) or knock-in [allelereplacement) of the validated genes.

» Potentiallyall charactersfor which the genes involved are known can be modified by using SDNs.

Potential applications of SDNs for Plant Breeding

* Fast azsembling of alleles and genes [simplification of GTL pyramiding, ...}
+ interest for perennials, species propagated vegetatively,
polyploid species...

* Specific applications : elimination of unfavorable alleles, selection of
recessive alleles, breaking of linkagedrags

* Transfer of genes of interest from a wide range of species
[exploitation of genetic resources)

* Possibleinsertion of alleles of interest inminor ororphancrops
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* Design of traits adapted to very specific environments

* Dpportunitiesto increasegeneticdiversity
=¥ Induction of targeted geneticvariability [TIGV]
= cis regulatory alleles
= @ rewilding » concept
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Targeted induced genetic variation (TIGV)

* Inducing targeted mutations ingenesof interest inorder tocreate and select new phenotypes.
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CRISPR gene editingto advancetraits discovery : creation of a newvariability

CRISPRICas9 mutagenesis of promoters to generate novel cisregulatory alleles
to achieve a range of variation for quantitative traits

Engineering Quantitative Trait Variation for Crop
Improvement by Genome Editing
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Rewilding concept

» Domestication of wild plants by inactivating the already identified domesticationgenes.

Breeding/selection

Wild plant Ancestral crop Current crop
Nurtured Strrn
conditions ondons
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muta!lom

Wild plant Current crop Detrimental mutations removed

Nurtured Stress
conditions ConTions

(Fargran et ., 20LE

Site-Directed Effectors

ZF- /TALE- repulators CRISPR/dCas9
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—
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Effector
Transcriptional Epigenetic
M‘Iﬁoll rmcdiilation
- activation of gene expression Fusion to epigenstic enzymes |DNA methyltransfemse
- repression of gene expression or histone dezcstylass] toinstall or remowe spacific
- activation of nomncoding menes to snhance repression =piz=netic marks and induce gene silencing.
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Potential applications of SDNs for Plant Breeding

A great diversity of potential traits @
Disesse resictamncs |=x. tarmet: transltion initiztion factors)
Herbicide tolerance =z tarzet: scetolactate synthass mene)
Dirought tobermsnce |=z. ozt : promoters of genes activated by water stress)
Lows snti-nustritional compounds {=x. srucic acid in Brassicas, tanget: fatty acid slongases)
and allergens |=z. target: conglutin genes in peanut, ghoten inowhest)
Improved nutritional welue {=z. via slevated carotencids, tanget: zessanthin sposidase|
Modified starches and fats for food and non-food wses
|eg. tanget: starch synthases, branching enzymes and fatty acid desatases)
Longer shelf Ffefreduced westage |== targets: aminocyclo-propane |ACC) cxidase and polysatacturonass)
Reduced encymatic {==. tangst: polyphenol cxidanes)
mned nonenzymatic browning {=z. target: invertzse menes for high guelty and low sorylamide potato |

Improved yield vis modified RuBs0D genes |=x. increasing catalytic activity, decreasing cxymenation activity)

| d b o 3on for biofuels {==. lower Fzninj

P

Control of medosis : Incresse  crossing overs, diplogametes,

Potential applications of SDNs for Plant Breeding

Qualitative and quanttative traits can be achieved.
Easier for monogenic or oligogenic traits [quality, resistance to biotic stresses...}
But more complex traits can also be improved (yield, resistance toabiotic stresses, metabolites...)

5o far, easier by gene knock-out than by gene knock-in...

New products addressing from niche markets to largefield cropmarkets
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3 types of events produced by using SDNs on plants

randm fepar gene modification Da, insaertion
FilinDel or delelion alone or mone positions viaHR o HNHEJ
S0M1 S0N-2 S0M-3

SON-1 [rendom repair] : D5E result in site-specific mndom point mutations | PM) and short
insertionsfdeletions {indel} or in excision. {no donor DMA)

SDN-2 |gene modification] : homologows donor DNA is used to indwos specific nudleotide sequence
changes by HR |= alisls replacsment]

SON-3 [DNA insertion) : DNA s integrated ata specific site of the plant genome {GEnding pads) using
either NHE! | cassette withowt homology] or HR | cassethe with homology].

SDN1 / ZFNs

Potato (2n = 4x)

Knock out the starch branching enzyme Il {SEEH) gene toincresse amylose content.
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EXZACT™ Precision Technology {Dow AgroSciences)
nttpy//www.exzactprecisiontechnology.com/index ntm
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SDN1 / TALEN

Bread Viheat {In = gx)
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¥ knocking out all six alleles encoding the MILDEW-RESISTANCE LOCUS {MLD) protein ﬁ .
— mutant fine with strong resistance to powdery mildew, JosB

_ l

'}"‘ (ﬂ Simultaneows editing of three homeoeoalleles in ‘
hexaploid bread wheat confers heritable resistance J—
to powdery mildew i ey
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SDN1 / TALEN

- + High fiber wheat Removal of the components of gluten
ca l xt <> still et an eecly stege. responsible for the immune reaction
= still 2t an early stage.

Healthier Food for a Better Life ]

I Gluten Reduced Wheat

Reduced Trans Fal ;-
Improved Quality Polata Lower Saturated Fat
SgyRean OR Canola Oll
i

inactivated enzyme responsible for _ ;
E:’;;::::a;ndnw;f:::;»: the degradation of sugarsn tibrs 35% satura_bedfn(mste:d of 7%)
scids compared to standard = reduction of sweetening of by deactivating one enzyme
soybean oil coid-stored potstoes and of responsible for the synfhesvs of
2 30 tons produced in crestion of acrylamide during saturated fatty acids
Argentine in 2016. frying. = On going.
= 2016 = 2nd yeer of field triels.
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SDN1 / CRISPR-Cas

Low-gluten, non-transgenic wheat engineered with CRISPR/Cas9
Tusare Tancreriednl, 4, lavier Gi-Homanes? 4 Canmen V. Oroned Wars | Gimenes] Canoling
Soeasas, Demiel F. Voytas?, Frandisoo Banral,

two sgRNAs tangeting & conserved region i the 45 giadin genes of the WT

21 murtant fines, 2l showing strong reduction in siadins.

Up to 35 different g=nes mutated = immunoreactivity reduced by B5%.
L

il

SDN1 / CRISPR-Cas

CRISPR Cav9-mediated efficient targeted mutagencids in grape
in the first gencration
Kaabong Waay' 7' Muprang ' 7 Doy Woag' ' Maswn L
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SDN1 / CRISPR-Cas

Mutations in 3 regions of the RIN gene (transcription factor regulating fruit ripening)

- incomplete-rigening fruits in homozygous mutants
{longer sheli-iife, easier processing).

(AP e dianed mtagemerin) of the N Inown e repedanry
o Wil figwning (2015)
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Biochemical and Biophysical Rescarch Communications

SDN1 / CRISPR-Cas

DrYinongYANG

CRISPR/CasS-edited white button mushroom {Agaricus bisporus)
Transient transformation of protopiasts {no transgene|
Small deletions {1-14 bp| in the polyphencl oxydase gene
= anti-browning phenotype

USDA considers it as non reguleted (Aprd 13, 2016).
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SDN1 / CRISPR-Cas

@UPOND

(&) PIONEER.

100% amylopectin corn
- Feed, industry.

{conventiona! waxy cvs =
{KO of 1 gene {wx) to block the production of amylose) 3,5 % lass yield)

waxy corn hybrids

USDA considers it 35 non regulated (April 18 2016).

|
SDN2 / CRISPR-Cas

Accaptid Date ! 15-34-2018

Biotechnology Journal
Ogen faccess

Bartiche typer @ Research Arbale

ARGOSE variants generated by CRISPR-Cas9 improve maize grain yield under

field drought stress conditions
@IPORY
Jinrul Shi'®, Huirang Goo, Hangyu Waong, M. Aenee Lafftte, Bopeoma L Archibald, Melthu
Vang, Safim M. Hakiml, Huw Mo, and Jeffrey E. Mabben ii'-ll p"]HEEE
G4} promofer ywap
(255 ] RSy
I ssscsarmo [[Joramm| oo
T —T—
Tl
L -‘




BMT/16/20
Annex, page 13

SDN3 / Meganuclease

Pamcuo un

» zene stacking using -Crel Q

» precise insertion of two herbicide tolerance genes (hppd, epsps) | 23
next to pre-existing Bt and bar loci in 2% of the embryogenic calius fines =’i
» 3l trait genes were inherited 35 3 single genetic unit l
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Targeted molecular trait stacking in cotton through R —
targeted double-strand break induction e
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SDN-mediated varieties and DUS

Description of SDN-mediated candidate varieties

For each PVP application CPVO Technical Questionnaire gives

* Information on breeding scheme and multipliction

& Description of specific characteristics

+ Declaration of GMO status according to Directive ECS2001/18
= Mecessary loyalty

sincenodetection possiblewithout declaration for SDN1 and SDMN2
{impossibleto diging uish between targ eted and natural mutations)

SDN-mediated varieties and DUS

DUS Procedure for SDN-mediated candidate varieties

New PVP application for
3 50N wariety

| Non-GhWO GMO status wnknown

decision

i W
DS test according to TP
Test of specific characternisticif ne D established on charactenistics of TP




BMT/16/20
Annex, page 15

SDN-mediated varieties and DUS

* 5DNs arebreeding toolsto introduce traiis intovarieties:
- Eitherthesetraits contributeto characteriics evaluated inthe TP,

- Or theyare specific characterisics that need to betreated as additional
characteristics (fulfilling UPOV reguirem ents).

-+ Distinctnes is established using thesame minimum dis@ncesas usually.

l

A priori, the use of SDN for plant breeding should not change fundamentally the process
of DUS testing, but could increase the diversity of traits to evaluate.

& cpvo-ocvv Thank you !
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[End of Annex and of document]



