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(fis: Das et al (2021) Genome Editing of Rice by CRISPR-Cas: End-to-End Pipeline
for Crop Improvement. https://doi.org/10.1007/978-1-0716-1068-8_8)
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Genome-edited plants that do not contain extracellularly processed nucleic acids are exempt from
the Act. Their information should be provided to MAFF, checked by experts, and publicized.

Traditional
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| Utilized for Breeding New Plant Varieties I
No Regulation F'FOV'U'“Q Information Safety Assessment to Environment

https://lwww.maff.go.jp/j/syouan/nouan/carta/tetuduki/attach/pdfinbt_tetuzuki-22.pdf
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Genome-edited plants whose introduced mutations are small in number and indistinguishable
from naturally occurring ones are exempt from the Act. Their information should be provided to
CAA, checked by experts, and publicized.

Traditional r |Genome Editing l \ Gene Er&ﬁineen’ng
Mutagenesis (GMO)
radiation, chemicals site-directed nuclease
targeted break
‘ [ foreign DNA
deletion, insertion, targeted integration i
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Utilized for Breeding New Plant Varieties I
i Providing Information
No Regulation 0 Go% ranant Safety Assessment as Food

https://www.caa.go.jp/policies/policy/standards_evaluation/bio/genome_edited_food/assets/000550824.pdf
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Plant Genome-Editing at CSIR

Genome-Editing for Crop Improvement (GE-CROP)

Enhanced post-harvest life CSIR-NBRI
Improving flavonoid Content CSIR-CIMAP
Reduction in SGAs (Steroidal Glycoalkaloids; anti-nutritional CIMAP/CSIR-NCL
compounds)

Improved Root architecture for improved yield and stress response CSIR-NBRI

Low arsenic accumulation in grain CSIR-NBRI
Improved disease resistance & agronomic traits CSIR-CCMB

Dual tolerance to Brown spot disease (BSD) and drought CSIR-NEIST
Determinate [/ semi-determinate sympodial varieties for synchronized CSIR-NBRI

fiber yield and quality

Low nicotine CSIR-CIMAP

Low caffeine & Polyphenol levels CSIR-IHBT

Low fibrous texture & high root biomass for better withanolide CSIR-CIMAP
content

Low tetrahydro-cannabinol (THC) content CIMAP; NBRI; IIIM
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Transgene-free genome editing of RAS-CCD4 gene enhanced B-carotene in banana

ECS used in the study 3

Regenerated embryos l

after transformation

] COEBETAG "

Jems 2 aglf-  {oatl CGIRATGGECCCCECIRTCCTCIGETOCCEC TACGTT CGCACITACRGGEACCICLI SR

1 - a2 CIMHTGGECECEECHTCCTETGEICECACTACRTTCGEACI~AGGTACETCCIOR 1 b dolT)
MATGAEECCCGECRTCCICIGCTETD

(ECS)
- Local B Roal
E E
E ol
S SRS e

In-vitro regenerated plants

Lrgel N
BTICOLAL TIACASE

TRCGTTCECR~TTACAGETACCTCCICEN 1 b deliC)
Defiiion

Mutant lines with high fl-carotene

LCYE edited lines

= vy a o o = 4 o a P v a
AN 7 ﬂa'}EWWI']ﬂ']SUTULLWQQIUNLW@LWlIﬂ'ﬁﬁs'NLUm']LLﬂIﬁWU

@ Lang distance HYS protein
@ Aoat specific HYS prodein

 RRREEE R

Plent growin &
diveinpment

lournal of Mozardous Materiais {ﬂ

Mutation in shoot-to-root mobile
transcription factor, ELONGATED
HYPCOTYL 5, beads to low nicortine levels
in wbhacco

Oeabatm divar Enarsirus dmanm . roesoan fnen T 7 ddsane gk
Frubmats bharmms Tomd ™ * © 08

o

= P 9 ' - v a5 _a
21N 8 El’]@;UVWI']ﬂ’]SUiULLG]\ﬁIUNLW@aﬂﬂ’]iﬁi’Nﬁ’]iuIﬂﬁu

& FY5 manspan from shost to roct

/



u)

wT L-1 L-2 L1 L-2

(8] SIHYSOX SIHYS5 "

Bl Loaven B Tirman irui 3 Lonwns Bl Grean Trui

WY Ll L Ll L2 WT L) L2 k-1 L3 W L) L2 LY L2 WT Lt L3 L4 L3
(i SIHVECH SRTES  SIHYION Bk BIHT R SRS BIHYLON SINYES

D Sewdings [ Greun Frui

£ o B £ 3u00 iy
T I R
o i = gog =
PR i NONR ¥ s NENGN
] % -
s ! = o 1E
WE L1 L3 Lot L3 WT Led L L LT W"l.ll.-l'L\.::'w'rL_-.u..-_:lLL:E
S Y O MRS TR AR T T LT S
Plant Physiology” A=

sty Aftice

ELONGATED HYPOCOTYL 5 regulates steroidal
glycoalkaloid biosynthesis and fungal tolerance in tomato

— - twia [T [ Emw

= = a o 9 i 4 1 &
AN 9 iLI$LSZJEJLV]ﬂVIVI’]ﬂW'i“LJiULLGN‘?I‘U&JLWEJLWEJWN?.JG]’WVHUG]EJLSUEJSW

A 4

nsUszendléinalulagnisuuwdsdlualumanensuazarmslulssmanaudud

whssmmdniinstauiugivlaglinisuiuudsdlug 18un International Rice Research Institute
(IRRI), Institute of Plant Breeding (UPLB-IPB) ua¢ Philippine Rice Research Institute (PhilRice) faoesfiadivin
nsUUUTILSEMsUSUUseTus Wy Wustadumuselselulsf bacterial leaf blight (BLB) (awidl 10) Wugdna
Fumusiela¥a Rice tungro spherical virus (RTSV) (nmil 11) Wuﬁ:sﬁ'nﬁﬁﬁi’wmumﬂiuamamﬁat,ﬁmﬂizﬁm%mw
mslf (nmdl 12) wosuz@omaiituiunalalaTugs (il 13) Hudu



Targeting agronomic trait important to farmers

Broad spectrum resistance to bacterial leaf blight (BLB) diseases
in rice (IRRI and CIAT and collaborative team led by HHU)
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T
.

BLB is a major constraint for rice
production causes 20 to 70% yield
losses

Major disease in South Asia,
Southeast Asia and Africa.

Caused by Xanthomonas oryzae pv.
oryzae (Xoo)

Deploying resistance genes (natural
mutation in the bacterial TAL
effector binding element of rice
OsSWEET genes) is the most
effective approach

However, single mutation is no
longer effective

A 10 F1fivhinisususisdluaiieiiuanuiumusielsaluls bacterial leaf blight (BLB)

Rice tungro spherical virus (RTSV)

* Rice Tungro Virus Disease is a serious
constraintin rice production across
tropical Asia. RTD is caused by the
interaction between Rice tungro
spherical virus (RTSV) and Rice tungro
badilliform virus (RTBV)

Event :’:‘: +»> elF4G protein +  Zygosiy P Reaction to RTSV
* Natural variation in "Utri merah’ resistant
Substisons'delsaons
i AP o e AR Inconclusive rice cultivar for RTSV Resistance is
o (Resistant or susceptible) 3
D > Truncatsd controlled by elF4Ginchr 7 (Lee etal.,
2010).

B P et sovtesm st
147 + BEBwBD + Resistant

D > Truneated *  We developed novel variants by gene

editing showing resistance to RTSV

Plant Biotechnol J. 2018 Nov,16(11)13181927, doi: 10,1111/pbi.12927. Epub 2018 Apr 30,

Novel alleles of rice elF4G generated by CRISPR/Cas9-targeted mutagenesis confer resistance to
Rice tungro spherical virus.

A9 11 91fviinisuSuusadlusiisiiiuausumunslsnneli$a Rice tungro spherical virus (RTSV)



OsEPFLg9 Knocked-out in Rice Using CRISPR
to reduce the mature stomata number for
Water Use Efficiency

Fani Cell Rep @ CrosaMark
DOT 10 H007/40029%017-21 18

RESEARCH ARTICLE

CRISPR-Cas9 and CRISPR-Cpf1 mediated targeting
of a stomatal developmental gene EFFLY in rice
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High Lycopene Tomato

Institute of Plant Breeding
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Country GEd Products in Regulatory Landscape | Top Agricultural GEd Products Obstacles
Development Challenges Addressing National
Challenges
Cambodia None reported Developing, but no Climate change, land None reported yet Regulatory uncertainty, public

specific details

degradation,
deforestation, farmer

regeneration

perceptions, limited resources
and agricultural infrastructure

ROC (Taiwan)

Tomatoes, melons,
orchids (virus resistance,
improved crop traits)

No specific regulations
yet, discussions ongoing

Extreme weather,
labor shortages,
decreasing arable land

Tomatoes (virus
resistance), melons
(drought tolerance),
orchids (improved

resilience)

Regulatory ambiguity, high
licensing costs

India

Rice, mustard, banana
(biotic/abiotic stress
tolerance, yield
improvement, better oil
quality, nutritional
improvement); vegetables
(biotic stress resistance);
animals (disease

resistance)

Well-established

regulatory framework

Climate resilience,
post-harvest losses,
food and nutritional

security

Rice (biotic/abiotic stress
tolerance), mustard
(better oil quality),
banana (nutritional
improvement)

Intellectual property (IP) issues




Indonesia Sugarcane (drought Developing, not yet Climate change, land Sugarcane (drought Regulatory uncertainty, public
tolerance), bio granola detailed specifically for | degradation, tolerance), potato perception, issues with patents
potato (bacterial leaf gene editing deforestation, farmer (bacterial resistance), and intellectual property
blight resistance), regeneration corn (herbicide
herbicide-resistant corn resistance)

L.R. Iran Corn, wheat, tomato, No regulatory system for | Water scarcity, climate | Corn (drought Regulatory uncertainty,
potato, melon, safflower releasing GE plants and change, soil erosion tolerance), wheat (biotic | technical challenges, low
(biotic/abiotic resistance, animals resistance), tomato public awareness
quality improvement) (improved yield)

Pakistan Wheat, rice, maize, cotton | Regulatory framework Climate resilience, Wheat (yield Limited funding, regulatory
(yield improvement, still under development | post-harvest losses, improvement), rice clarity, social perception
bread-making quality, food and nutritional (herbicide tolerance), challenges
herbicide tolerance, security maize (pest resistance),
disease/pest resistance) cotton (herbicide

tolerance)

Philippines Insect-resistant corn, Established regulations Fusarium in bananas, Banana (Fusarium Public acceptance, local
golden rice, banana under the Department fall armyworm in resistance), corn (insect | government bans, limited
resistant to Fusarium wilt, | of Agriculture (biosafety | corn/onions, rising resistance), Bt corn (pest | accredited laboratories
Bt corn focus) farm input costs control)

Singapore Leafy vegetables Well-established, Climate change, food Leafy vegetables Positive environment, rigorous

optimized for indoor

vertical farming

overseen by Singapore
Food Agency (SFA) and
Genetic Modification
Advisory Committee

security, better

nutrition

optimized for climate-

resilient indoor farming

GMO assessments for local
field trials




Sri Lanka No significant gene editing | Currently under Climate resilience, No significant Lack of policy development,
developments yet development post-harvest losses, developments yet limited infrastructure and
food and nutritional funding
security
Thailand Maize (yield improvement, | Developing, not yet Climate change, Maize (drought Public perception, non-tariff
disease resistance, specifically defined for limited resources, tolerance, yield barriers, international trade
drought tolerance), gene editing disease outbreaks improvement), soybean | policies, intellectual property
soybean (oil composition (disease resistance), issues
improvement, sugarcane (drought
disease/drought tolerance)
resistance), sugarcane
(yield improvement,
disease resistance)
Turkie Limited due to biosafety Genetically modified Climate change, labor | Virus-resistant carrots, Strict regulations, public

laws; virus-resistant carrots
and drought-tolerant
tomatoes

seeds prohibited, GE
products tightly
controlled

shortages, soil

degradation

drought-tolerant
tomatoes

acceptance issues




