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Genome Editing (GEd) for Potato Improvement
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CRISPR/Cas Gene Editing
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Site directed nuclease (SDN) methods for genome editing
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Regulatory Geography of Genome Edited Crops
Animal |

Regulations of gene editing and new breeding techniques (NBTs) worldwide are
quickly evolving. Click on a country or region for more information on its regulatory
status, what crops are approved or in development, and reactions from regional
NGOs. The Gene Editing Index ratings represent their current status and will be
updated as new regulations are approved.

Russia

Bolivia
~

@ Paoraguay =
)] 5 Australia®

Updated May 2024 * Approved crops A Field trials

Source: Global gene editing regulation tracker
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4 No restrictions
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* Approved crops
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https://crispr-gene-editing-regs-tracker.geneticliteracyproject.org/

Flowchart for the Early Consultation on GEd processes in Kenya
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%? Accelerating Crop Improvement Through Genome Editing
CGIAR
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Genome Editing for Resistance to PVY in Potato at CIP

® Potyvirus Y (PVY) infection in potato tubers results in necrotic arcs and rings yleld Iosses and reduced market
value p—

— Most farmer and consumer preferred varieties are highly susceptible

® Tolerance and resistance of potato varieties to PVY
— Limited number of varieties obtained through conventional breeding
— Original varieties not preserved in the process

® Genome editing is a possible approach

— Target gene: Eukaryotic translation initiation factor (elF-4E) gene family
Protein bind with the viral protein linked to 5’ potyviral genome (VPQ) virus infectivity

Edit in amino acid seq.
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| . : * — pegRNAZ urDfrlAEsrOMEWGSSL
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7 gene constructs designed editing using prime editing approach | e S ——
pegRNAG wrDEPEAESROEBWGSSL
B Amino acids targeted for editing
pegRNA7 WEDNPEARSROEEWGSSL

D Amino acids targeted for editing per construct



Genome Editing for Resistance to PVY in Potato

Protoplast Isolation and Regeneration
— Optimize conditions to efficiently regenerate
protoplasts
— Focus farmer-preferred varieties in countries with
enabling environment for GEd — Shangi for Kenya
Gene editing by transfection
— Study the effect of PEG treatment and (mock)

transfection on protoplast viability and
regeneration
Genotyping to identify edited alleles
— NGS sequencing
Phenotype for PVY resistant
— Standard bioassays to evaluate PVY resistance in
edited events
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Application of CRISPR/Cas genome editing in Potato

Target gene

Biotic stress resistance

P3, Cl, Nib, or CP (RNA

virus genes)

StDND1, StCHL1T and
StDMR6-1 (S-genes:
Susceptibility genes)

Caffeoyl-CoA O-
methyltransferase

(StCCOAOMT)

Abiotic stress tolerance

StMYB44 (MYB
transcription factor)

Trait

PVY, PVS, and
PVA resistance
Late blight
resistance

Late blight
resistance

Phosphate
transport (roots)

CRISPR
system

LshCas13a

Cas9

Cas9

Cas9

Delivery/
transformation
system

Agrobacterium

Agrobacterium

Agrobacterium

Agrobacterium

Genotype

Desiree

Desiree

Russet Burbank

Desiree

Tiwari et al., 2022. Front. Genet. 13:827808. doi: 10.3389/fgene.2022.827808

Key findings

Multiple PVY strain-resistant
mutants

Tetra-allelic mutants by
knockout of SiDMR6E-1 and
StCHL1 genes

Increase in late blight
resistance than control

Mutants (84%), StMYB44
negatively regulates Pi

transport by suppressing
StPHOT gene expression

Reference

Zhan et al. (2019)

Kieu et al. (2021)

Hegde et al. (2021)

Zhou et al. (2017)
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Target gene Trait CRISPR Delivery/ Genotype Key findings Reference
Tuber quality traits
GBBS Starch guality Cas9 Protoplasts (PEG) Kuras Multiple allele mutants (67%) Andersson et al.
and amylopectin-rich and (2017)
waxy potato
GBBS Starch quality Cas9/RNP Protoplasts Kuras Regenerants without Andersson et al.
transgenes (9%) (2018)
GBBS Starch quality Cas9 Protoplasts Desires and Wotan  Mutants (35%) Johansen et al.
(2019)
GBSS | Starch quality Cas9 Agrobacterium Sayaka Mutants with all four alleles Kusano et al. (2018)
(25%), low amylose starch
GBBS | Starch quality Cas9 Agrobacterium Desiree Tetra-allelic mutants by Veillet et al. (2019a)
knockout of amylose-
praducing StGBSSI gens
Starch synthase gene  Starch Cas9 Agrobactenium Desires Specific gRNA design and Sevestre et al.
(StSSE) biosynthesis successful knock-out SS6 (2020)
Starch-branching Starch quality Cas9 Agrobacterium and Desiree Mutants with valuable starch Tuncel et al. (2019)
enzymes (SBEs) genes protoplasts (PEG) properties
SBET1, SBE2
SBE1, SBEZ2 Starch guality Casd/BNP Protoplasts Desiree Three to four allele mutants Zhao et al. (2021)
(7 2%) with amylase starch with
no branching
PHYTOENE Garotenoid Cas9 Agrobacterium Desiree Mutants (2-10%) Banfalvi et al. (2020)
desaturase (PDS) biosynthesis
StPDS Garotenoid Cas9 Agrobacterium Diploid, self- Transgenic hairy roots mutants  Butler et al. (2020)
biosynthesis rhizogenes compatible F, (G4—98%)
hybrid DMF1 (Db 1-
3 = M)
PDS and coilin Carotenoid Cas9 In vitro study without ~ Chicago Stimulated activity in vitro Khromov et al.
biosynthesis delivery (2018)
St16D0X Glycoakaloids Cas9 A. rhizogenes May Queen Full knockout of steroidal Nakayasu et al.
(electroporation) glycoalkaloids (2018)
Sterol side chain Steroidal Cas9 Agrobacterium Atlantic Mutants (B4%) with Zheng et al. (2021)
reductase 2 (St1S5R2) glycoalkaloids significantly reduced SGAs
(SGAs)
Polyphenol oxidases Enzymatic Cas3/RNP Protoplasts Desiree Mutants (9% in four aleles) Gonzdlez et al.
(PPOs) gere (StPPO2) browning with 73% reduction in PPO (2020)

activity than the control

Tiwari et al., 2022. Front. Genet. 13:827808. doi: 10.3389/fgene.2022.827808
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Application of CRISPR/Cas genome editing in Potato

Target gene

Acetolactate synthasel
(StALST)

SIALS

SIALST and StALS2

StALST and StALS2

Stylar ribonuclease

gene (S-RNase)

S-RNase

NbFT, NbPDS3, and
NbXT2B

Trait

Herbicide
tolerance

Herbicide
tolerance

Herbicide
tolerance

Herbicide
tolerance

Self-
incompatibility

Self-
incompatibility

Virus-induced
genome editing
(VIGE)

CRISPR
system

Cas9

Cas9

Cas9/CBE
(cytidine base
editing)
Cas9/prime
editing

Cas9

Cas9

Cas9

Delivery/
transformation
system

Agrobacterium and
Geminivirus
replicon (GVR)
Agrobacterium
and GVR

Agrobacterium

Agrobacterium

Agrobacterium

Agrobacterium

Agrobacterium

Genotype

S. tuberosum Gp
Phureja double
monoploid
Desiree, diploid
(MSX914-10)

Desiree, diploid
(MSX914-10)

Desiree

Desiree

DRH-195 and DRH-
310 F1

S. tuberosum

Gp Phureja
515-65
Solanaceous plants

Tiwari et al., 2022. Front. Genet. 13:827808. doi: 10.3389/fgene.2022.827808

Key findings

Targeted mutants (87-100%)

Improved homozygous
recombinants but no change
in nonhomologous end joining
Transgene-free mutants (10%)

Successful prime editing in
potato with nucleotide
transition/transversion
Stable self-compatible
mutants through S-RNase
gene knockout
Knock out of S-RNase gene
resulted in self-compatibility

Heritable mutants expressing
multiple sgRNAs in Nicotiana
benthamiana/potato

Reference

Butler et al. (2015)

Butler et al. (2016)

Veillet et al. (2019b)

Velllet et al. (2020b)

Enciso-Rodriguez

et al. (2019)

Ye et al. (2018)

Uranga et al., 2021
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Reduced browning potatoes for reduced food waste and
increased shelf life
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Multiplex CRISPR-Cas9 Gene-Editing for Reduced Browning and
Acrylamide
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lesion size (mm)

lesions/tuber

Genome editing StDMR6-1 targeting different stress conditions
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Genome editing StDMR6-1 targeting different stress conditions
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Feed the Future Global Biotech Potato Partnership

Focuses on the commercialization of late blight resistant (LBR) potatoes in
farmer-preferred varieties in Bangladesh, Indonesia, Kenya, and Nigeria.
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3 R-gene LBR GM potato
Stack of 3 R genes from wild relatives:
* RB (Rpi-blbl) and Rpi-blb2 from Solanum bulbocastanum

|
B |

* Rpi-vntl.1 from Solanum venturii i . S‘olar'ﬁ‘u'rhfbulboéﬂastéﬁum
NI iy 1 1 ﬁ‘ v‘ |

EEE R Rpi—blb2 # RB Rpi'Vﬂtff — Qﬁtﬂ 4 EEE
RB LB

pCIP99 (24,819 bp)

2 -4 years

Farmer-preferred varieties:

Victoria/Asante, Shangi, Tigoni, Desiree, Jalene, Unica Diamant

Target Countries:
Uganda, Kenya, Nigeria, Rwanda, and Ethiopia

Ghislain et al., 2019. Plant Biotechnology



Deregulating 3 R-gene LBR biotech potato - Commercialization

Studies to Develop a Regulatory Dossier for Sha.105 Lead event
1. Molecular characterization of the T-DNA structure and insertion

Genetic stability and transgene expression

Allergenicity and toxicity

Trait efficacy — LB resistance

Phenotypic characterization and agronomic performance

Environmental Interactions

Compositional analyses of tubers

N o g bk DN

Ex-ante socio-economic analysis of the 3R-gene LBR biotech potato



Trait efficacy (LB disease resistance)

Complete resistance under natural infection and No fungicide spray
Uganda CFT-5 Uganda ML-CFT-3 ngerla ML - CFT—2

MCH.L2 Vlctorja Vienstia

Dlamam Dlw

msu uB s-ass :

Victoria SMielrz s W VicaT2 . avietoriat s e

e 17 Victoria e ey
Ea ,‘ Vic:172  Mictorias <

Byarugaba et al., 2021. Biology, 10(10), p.952.



Ex-ante socio-economic analysis of LBR potato

Potential socio-economic impacts of Sha.105 LBR biotech potato

* Literature review

« Data collection

« Expert elicitation workshop and Validation workshop
» Ex-ante socio-economic assessment

419,124KES___ _ __
34%

sissakes LT Adoption rates ranging from 12 to 44% depending
on the production area

13,900 KES
0% I_gES

Yield loss due to Costs of fungicide Farmers
LB disease applications profit (1 ha) Event Sha.105

/ha

Kihiu et al., (In press)



Communication and Advocacy of Biotech Products

POTATO CENTER
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Marc Ghislain
International Potato Center
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Towards a Late Blight resistant potato for Africa

m International Potato Center (CIP)
QY 3.6K subscribers

Resistance to late blight i ‘ ‘
disease and higher crop yields — N AT| ON

Scientists develop
new GM potato
variety free from
blight disease

Friday, November 03
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CIP is a research-for-development organization with a focus on potato,
sweetpotato and Andean roots and tubers. It delivers innovative science-

based solutions to enhance access to affordable nutritious food, foster

c I P inclusive sustainable business and employment growth, and drive the
INTERNATIONAL . . . .
POTATO CENTER climate resilience of root and tuber agri-food systems. Headquartered in

Lima, Peru, CIP has a research presence in more than 20 countries in
Africa, Asia and Latin America.

www.cipotato.org

L& CIP is a CGIAR research center
&ﬂ, CGIAR is a global research partnership for a food-secure future. Its science
CGIAR is carried out by 15 research centers in close collaboration with hundreds of
Science for a food-secure future

partners across the globe.

WWW.cgiar.org

CIP thanks all donors and organizations that globally support its work through their contributions to the CGIAR Trust Fund: www.cgiar.org/funders

This publication is copyrighted by the International Potato Center (CIP). It is licensed for use under the Creative Commons Attribution 4.0 International License
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