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How do we feed 10 billion people?

High population growth is projected in low- and middle-income countries.
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With current global trends in diets and population,

60% more food will be needed in 2050
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Demand for animal protein is increasing
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In Sri Lanka, Organic Farming
Went Catastrophically Wrong

A nationwide experiment is abandoned after producing only misery.

MARCH 5,2022, 7:00 AM

NEW BREEDING

TECHNIQUESHOR PLANTS (

Asource of innovation for the agrofood chain and beyond




Comparison of breeding methods used in modern agriculture
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The process of conventional breeding in plants

Genetic variation

Crosses Selection

New variety for testing

Modified from Nature Review ( 2001)



How traditional breeding works?
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Bottleneck of crossing breeding

Linkage drag. i 4 %

Abiotic stress tolerance is controlled by a complex pathway.
A PSR RITE AT SRS

Cannot be applied to vegetatively propagated plants.

i R T Ry I R A

Restricted Germplasms. f&@ & 5

The breeding of many woody horticultural crops such as apple and
walnut can take as many as 20—30 years to assort several favorable
traits together in a single individual. * & {2 4= ¥ f@pF [ = 4

&

Breeding is difficult to apply in polyploid crops. % & %8 v &£t &



Comparison of breeding methods used in modern agriculture
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Mutation breeding

Random Mutation 3£ % % %

Spontaneous mutation Induced mutation
-Radiation - Chemical mutation
- Transposon - Physical mutation

-Error in DNA duplication -Biological mutation

« More than 3333 officially released mutant varieties from 228 different plant
species in more than 73 countries throughout the world (2019 FAO/IAEA
Mutant Variety Database).

Front Plant Sci (2019) https://doi.org/10.3389/fpls.2019.01326



Comparison of breeding methods used in modern agriculture
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The genome of cultivated sweet potato contains
Agrobacterium T-DNAs with expressed genes: An
example of a naturally transgenic food crop

Tina Kyndt®', Dora Quispe®®-!, Hong Zhai¢, Robert Jarret?, Marc Ghislain®, Qingchang Liu, Godelieve Gheysen?,
and Jan F. Kreuze®?
“Department of Molecular Biotechnology, Ghent University, 9000 Ghent, Belgium; bInternational Potato Center, Lima 12, Pery; “Beijing Key Laboratory of

Crop Genetic Improvement/Laboratory of Crop Heterosis and Utilization, Ministry of Education, China Agricultural University, Beijing, China, 100193;
and 9Plant Genetic Resources Unit, US Department of Agriculture, Agricultural Research Service, Griffin, GA 30223

May 5, 2015 | vol. 112 | no. 18 | pp. 5455855

Proceedings of the | Academy of Suenu:\ of the United States of America
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Natural ranisgenes in § g t
potato :

PNAS | May5 2015 |vol. 112|5844-5849



Global Agricultural Biotechnology for Transgenic

Crops Market

GLOBAL STATUS OF COMMERCIALIZED BIOTECH/GM CROPS IN 2018

Global Biotech Crop Area in 2018
ﬁ‘ 191.7 e

| IN 2 COUNTRIES MILLION
PLANTED BY FARMERS
FASTEST ADOPTED CROP TECHNOLOGY IN RECENT TIMES

«& i #ISAAAReport2018
W www.isaaa.org ot e
e @isaaa.org @isaaa_org isaaa_org @isaaavideos

J

Global Agricultural Biotechnology for Transgenic Crops Market
Market forecast to grow at a CAGR of 18.2%

USD 12,070 Million

USD 5,230 Million

2021 2026

RESEARCH MARKETS

THE WORLD'S LARGEST MARKET RESEARCH STORE




Comparison of breeding methods used in modern agriculture
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What is genome editing?

Genome editing is a method that lets scientists change
the DNA of many organisms, including plants, bacteria,
and animals.

Editing DNA can lead to changes in agronomic traits, like
yield, quality and disease/stress resistance.

Scientists use different technologies to do this.



How does gene-editing work?

Break

4

DNA double strand breaks (DSBS)

4

Repalr

-Homology directed repair (HDR)
-Non-homologous end joining (NHEJ)



Continuous improvement of the specificity

TARGETING CUTTING

A Zinc Finger 1
specificity = 24 bp cltiviclalcirialTin A[ATICIAIT Dimer nuclease
CIA|A|C|T|CIA|T TITIAICIT

Protein recognition
no obvious code
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=t T Dimer nuclease
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specificity = 33-35 bp
Protein recognition
one-to-one rule

trerRNA

C CRISPR gRNA
specifiity 1960 " prrymrrmmnnd L
RNA reCOgmtlon ale|t|riclalcitia[T|clalelalc|s|c|T|a|T[c|c|a]T Monomer nuclease
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of the PAM site

DOUBLE STRAND BREAK

From: Marie-Bérengere TROADEC, 2018



There's CRISPR in Your Yogurt

We've all been eating food enhanced by the genome-editing tool for years. i )

By Kerry Grens | January 1, 2015

TheScientist - =

EXPLORING LIFE, INSPIRING INNOVATION

‘ .\
ANDRZEJ KRAUZE

Streptococcus thermophilus, a workhorse of yogurt and cheese production.
*hBsaTk i)



CRISPR: Bacteria Immune System

Virus DNA a\ Plasmid
2/ DNA ] _
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2020 Nobel Chemistry Prize Awarded

for CRISPR ‘Genetic Scissors’

NOBELPRISET | KEMI 2020
THE NOBEL PRIZE IN CHEMISTRY 2020

&%/ AKADEMIEN

= S D ACADE MY OF SCENCES

Emmanuelle Charpentier Jennifer A. Doudna

Born in France, 1968 Born in the USA, 1964

Max Planck Unit for the Science of University of California, Berkeley, USA

Pathogens, Germany Howard Hughes Medical Institute

https://www.nobelprize.org/prizes/chemistry/2020/press-release/



The CRISPR/Cas9 system

« CRISPR-Cas9 genome editing includes two key components:
a single-guide RNA (gRNA) and a CRISPR-associated endonuclease (Cas).

 The sgRNA and Cas9 are combined into a ribonucleoprotein complex when
they are used in CRISPR experiments.

PAM+Target .

Gene of
interest

Genome Engineering
Transcriptional Regulation
Other Applications

https://www.addgene.org/guides/crispr/



Protospacer Adjacent Motif

(PAM sequence)

Cas9 can be used to modify any desired genomic target provided that the sequence is located
just upstream of a Protospacer Adjacent Motif (PAM sequence).

The 3-5 nucleotide PAM sequence serves as a binding signal for Cas9 and this sequence is a
strict requirement for Cas9-mediated DNA cleavage.

SpCas9

\/ Gene of interest

No PAM sequence = cannot be modified

Cas9 Cas9 Cas9
Variant 1 Variant 2 Variant 3

11171 gl
¢

"PAM

, 3’
- PAM

PAM

https://blog.addgene.org/the-pam-requirement-and-expanding-crispr-beyond-spcas9



The CRISPR/Cas tools

Summary of Cas and other nuclease variants used in CRISPR experiments and their PAM sequences

SpCas9

SpCas9 D1135E variant
SpCas9 VRER variant
SpCas9 EQR variant
SpCas9 VQR variant
xCas9

SpCas9-NG

SaCas9

AsCpfl and LbCpfl

AsCpfl RR variant

LbCpfl RR variant

AsCpfl RVR variant
Campylobacter jejuni (CJ)
Neisseria meningitidis (NM)
Streptococcus thermophilus (ST)
Treponema denticola (TD)

Additional Cas9s from various
species

Streptococcus pyogenes
Streptococcus pyogenes
Streptococcus pyogenes
Streptococcus pyogenes
Streptococcus pyogenes
Streptococcus pyogenes
Streptococcus pyogenes
Staphylococcus aureus

Acidaminococcus sp. and
Lachnospiraceae bacterium

Acidaminococcus sp.
Lachnospiraceae bacterium

Acidaminococcus sp.

3'NGG

3'NGG (reduced NAG binding)
3'NGCG

3' NGAG

3' NGAN or NGNG

3'NG, GAA, or GAT

3'NG

3' NNGRRT or NNGRR(N)
S'TTTV

5'TYCV
5'TYCV

S' TATV

3' NNNNRYAC
3" NNNNGATT
3' NNAGAAW
3' NAAAAC

PAM sequence may not be
characterized



Cutting + Repairing

Target+PAM

‘ Target cleavage (DSB)

LLLLLLA LU

¢ NHEJ

LLLLLLLLLLL LY WT
LLALL L) Insertion
LLLLLLLLL L) Deletion

(O Frameshift



CRISPR/Cas9-induced mutations in soybean

FAD2-1A-WT
ND1-5
ND1-11
ND1-15-a
ND1-15-b
ND1-21
ND1-22-a
ND1-22-b
ND1-31
ND1-40
ND1-41-a
ND1-41-b
ND1-51-a
ND1-51-b
ND1-55-a
ND1-55-b

Target 1 Target 2
~ S ~ o R
gRNA 984, bp gRNA
o o

GAAGCCTCTCTCAAGGGTT
GAAGCCTCTCTCAAGGG
GAAGCCTCTCTCAAGGG
GAAGCCTCTCTCAAGGG
GAAGCCTCTCTCAAGGG
GAAGCCTCTCTCAAGGG
GAAGCCTCTCTCAAGGGT
GAAGCCTCTCTCAAGGG

CARACACAAAGCCACCATTCACTGTTGGCCAA
AACACAAAGCCACCATTCACTGTTGGCCAA
AACACAAAGCCACCATTCACTGTTGGCCAA

ACACAAAGCCACCATTCACTGTTGGCCAA

ACACAAAGCCACCATTCACTGTTGGCCAA

ACACAAAGCCACCATTCACTGTTGGCCAA

AR---CAAAGCCACCATTCACTGTTGGCCAA

AR---CAAAGCCACCATTCACTGTTGGCCAA

ACACAAAGCCACCATTCACTGTTGGCCAA

ACA--—--— CCACCATTCACTGTTGGCCAA

ACACAAAGCCACCATTCACTGTTGGCCAA

ACACAAAGCCACCATTCACTGTTGGCCAA

AAC---AAGCCACCATTCACTGTTGGCCAA

ACACAAAGCCACCATTCACTGTTGGCCAA

ACACAAAGCCACCATTCACTGTTGGCCAA

ACACAAAGCCACCATTCACTGTTGGCCAA

GAAGCCTCTCTCAAGGG
GAAGCCTCTCTCAAGGG
GAAGCCTCTCTCAAGGG

GAAGCCTCTCTCAAGGG
GAAGCCTCTCTCAAGGG

GTGGAGCCAGATGAAGGAACATCCG-AG.
GTGGAGCCAGATGAAGGAACATCCG-AG.
GTGGAGCCAGATGAAGGA----—--——, AG.
GTGGAGCCAGATGAAG--ACATCCG-AG.
GTGGAGCCAGATGAAGGAACATCCG-AG.

GTGGAGCCAGATGAAGGAAC-—--——~-. AG.
GTGGAGCCAGATGAAGGAACAT----AG.
GTGGAGCCAGATGAAGGAACAT----- G
GTGGAGCCAGATGAAGGAACATCCG-AG.
GTGGAGCCAGATGAAGGAACAT ----- G

GTGGAGCCAGATGAAGGAACATCCG-AG.
GTGGAGCCAGATGAAGGAACATCCGAAG.

GTGGAGCCAGATGAAGGA--———-———. AG.
GTGGAGCCAGATGAAGGAACATCCG-AG.
GTGGAGCCAGATGAAGGAAC---—--———~

GTGGAGCCAGATGAAGGAACATCCG-AG.

GTGTATTGGTA
GTGTATTGGTA
GTGTATTGGTA
GTGTATTGGTA
GTGTATTGGTA
GTGTATTGGTA
GTGTATTGGTA
GTGTATTGGTA
GTGTATTGGTA
GTGTATTGGTA
GTGTATTGGTA
GTGTATTGGTA
GTGTATTGGTA
GTGTATTGGTA
GTGTATTGGTA
GTGTATTGGTA

A Clones
0 5/5
-T** §5/5
-2 2/5
0 3/5
-5%% 3/5
-3 2/5
-4** 3/5
0 5/5
-4%** §5/5
0 1/5
+1 4/5
-7 4/5
0 1/5
-10 3/5
0 2/5

BMC Plant Biology (2019) 19:311



How does genome-editing work in plants?
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https://blog.addgene.org/genome-engineering-using-cas9/grna-ribonucleoproteins-rnps



Basic strategy for CRISPR/Cas9 editing in plants

Gene Delivery to Plants
& oul Cas9 v sgRNA
-—-—*——-_Tngn / 4
1. Design and synthesize specific and Mo : ——
effective gRNA spacers. e
2. Assemble gRNA/Cas9 construct or l

ribonucleotide protein complex.
U6  Guide sgRNA

3. Deliver gRNA/Cas9 construct or RNP _.OC)_ s‘

complex into the plant cell.

R Guide Sequence
4. Regenerate intact plants. i Cas9:gRNA complex
GN,)
5. Genotyping and molecular characterization - ¢ Target binding
6. Phenotyping, functional genomics and \ ‘
- - - bl f ~
agronomic trait evaluation. byl -
Target+PAM
Ca9 sgRNA
¢ Target cleavage (DSB)

Ly WT
AL L Insertion
LLLLRaRaRaned Deletion
(TTTTR R LR RN RN Frameshift

https://www.sigmaaldrich.com/technical documents/articles/
biology/genome-editing-in-plants-with-crispr-cas9.html https://www.addgene.org/guides/crispr/



Generating transgene free GE plants by genetic segregation

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
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Basic strategy for CRISPR/Cas9 editing in plants

2. & i » RNA-F-v T 4f & #RNP (ribonucleoprotein) i& 7 A |5 &

.’_Cas9gRNA complex

AN

\
’
L

Genomic Target

\eus,
Nud o0

\o
C‘J‘O‘) Cell Membrane

Without DNA integration

https://blog.addgene.org/genome-engineering-using-cas9/grna-ribonucleoproteins-rnps



dCas9 can easily be fused to effectors for

targeted gene regulation

site-specific
sgRNA dCas9

L 0

Transcription
Regulation
sgRNA-guided
DNA targeting

Transcription Activator

. Transcription Repressor

Gilbert et al. (2013)



Advantages of CRISPR/Cas9 system

 Simplicity and efficiency & & - 5 %
* Precise editing with relatively low cost #f # ~ € = &
« Multiplex genome editing [F & % i 7 & 5L 7]
« Works well in editing polyploidy plants 7 & %2 5 & 1| %
- Relieve genetic erosion i j#:f & 77 4
--breeding landrace to become the primary genetic
background of modern varieties.
- Overcome linkage drag . /i:8 @ % 3¢
« Transgene free i i /L 7]

34



Off-target issue

a. Plant breeding is different from animal breeding
- Crop produces hundreds of seeds.
- Progenies with abnormal phenotypes were all discarded by selection.
- Variation is the basis of plant breeding.

b. Off target can be validated by whole genome sequencing.

c. Crops edited by SDN1-type gene-editing is as safe as mutation breeding.

Method Mechanism of mutation Mutation Estimated mutation
frequency events

Chemical EM G/C to A/T transitions or G/C to 2-10 mutations/Mb

mutagen C/G or G/C to T/A transversions (Till et al. 2007) 860-4300
Physical y-rays Single nucleotide substitution, 7.5-9.8 /IMb

mutagen inversion and deletion (Li et al., 2016) 3450-44178
Biological Retro- Random sequence insertion 1 insertion/100-kb 4300
mutagen Transposon (Miyao et al., 2003)

Gene CRISPR/Cas9  Small indels (<10pb), often 85%-100% 1 (+ when off target
editing single nucleotides and deletions (reviewed in happens)

Zhu et al., 2017)
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Gene-edited crops using SDNs are divided into three types

ZFN ; ~ CRISPR

l DSB induction

DNA double strand breai<

No template Homologous Template with
template with homologous ends

modifications
NH [ X ) HR )
v
' - ‘ ‘ ] ) (IR E—
SDN-1 SDN-2 SDN-3
Gene disruption Allele conversion Targeted integration
R % FI* o RDNAAE ™ f1* *bRDNAP~ it — E.DNA

SN SPDNASE S A7 15 0 A 2 ik fhdh %~ & 425 245 (SDN1) & 42 ~ — £Ap i i
:PDNA(SDN 2& 3) > B g = A F|# v & 4 ~ AFI R348 ~ gﬂ#%

https://www.laboratory-journal.com/science/life-sciences-biotech/molecular-scissors-revolutionize-plant-breeding



Current Australian regulatory status of organisms developed via gene

editing techniques, natural mutations and mutagenesis

Target gene

Spontaneous mutation/
exXposure to mu! lagens

I
Template guided repair

| | |

Gene editing

v

[agenes

Bt e

Transgenes, e.g. Cas9 Leng template Short template Unguided repair
SDN-3 SDN-2/0DM : SDN-1 ‘ :
Addition of large  Subs ! Random mutation, Natural mpons/

No transgene = Not GMO

In Vitro Cellular & Developmental Biology - Plant (2021) 57:574-583



Regulatory overview of genome-edited organisms in Japan

Division of the applications of SDNs Definitions

Site-directed mutagenesis

SDN-1 je————— | emt——— Non-LMOs
Templated editing
I
SDN-2 LMOs
n

Site-directed insertion

_ Inserting a
new gene

SDN-3 LMOs

Front. Bioeng. Biotechnol. (2019)7:387



Breaking News: India Issues Ruling
Favourable to Gene Editing

By Alex Martin - March 31, 2022 ® 144 WA

On March 31, the Ministry of Environment, Forest and Climate Change of India
revised its rules concerning the applications of gene editing in agriculture. The
ruling states gene editing will be excluded from the GMO classification.



Philippines Releases Regulations for Gene-edited

Plants on May 25, 2022

—

‘x&’“ 05400,00 2 T
f Republic of the Philippines

(7

—~ - C

o ®
ﬁ\‘ f/: OFFICE OF THE SECRETARY

'—," \ \ Elliptical Road, Diliman,
’w‘ Quezon City 1100, Philippines

MEMO§ANDUM CIRCULAR
No. 0
Series of 2022

Subject: RULES AND PROCEDURE TO EVALUATE AND DETERMINE WHEN
PRODUCTS OF PLANT BREEDING INNOVATIONS (PBIs) ARE COVERED
UNDER THE DOST-DA-DENR-DOH-DILG JOINT DEPARTMENT CIRCULAR
NO. 1, SERIES OF 2021 (JDC1, s2021) BASED ON THE NCBP RESOLUTION
NO. 1, SERIES OF 2020

Pursuant to (a) the DOST-DA-DENR-DOH-DILG Joint Department Circular no. 1, series of
2021, Rules and Regulations for the Research and Development, Handling and Use,
Transboundary Movement, Release into the Environment, and Management of
Genetically Modified Plant and Plant Products Derived from the Use of Modern
Biotechnology, or |DC1, s2021 - which revised the previous DOST-DA-DENR-DOH-DILG
Joint Department Circular no. 1, series of 2016, or JDC1, s2016 - and (b) the National
Committee on Biosafety of the Philippines (NCBP) Resolution no. 001, series of 2020, The
Regulation of Plant and Plant Products Derived from the Use of Plant Breeding
Innovations (PBls) or New Plant Breeding Techniques (NBTs), which tasked the
Department of Agriculture to issue guidelines and take the lead in evaluating and
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Current state of genome-editing legislation

Norway
”: W Proposal: If no foreign DNA,
” » ;-" then not regulated as GMO
United Kingdon.
Discussion ongoing
. for post-Brexit
' | & | European Union (EU)
Canada ' :
Not regulated Genome-edited crops

| are regulated as GMOs

—= ; » | Japan ‘
. If no foreign
) DNA, then
not regulated

?

unless trait
indentified |
as novel

United States

of America v/ 3 as GMO
Most non-transgenic { Israel B
plants not regulated | i If no foreign
g | DNA, then .
' not regulated Philippines
as GMO Indonesia
f Discussion
is ongoing
India
Colombia Bangladesh
Brazil iariss GMO definition
Argentina Likely case-by-case: SREORERE
Chile If no foreign DNA, genome editing.
Case-by-case: then not regulated Dlscqssnon is
If no foreign DNA, as GMO ongoing.
then not regulated
as GMO ‘
Paraguay Australia
Uruguay If no foreign DNA,
Likely case-by-case: then not regulated
If no foreign DNA as GMO
then not regulated }
as GMO ’ /
New Zealand
Genome-edited crops
are regulated as GMOs

Genome-edited crops are
not regulated as GMOs.

Genome-edited crops are

Discussion is ongoing. regulated as GMOs

EMBO reports 21: e50680 | 2020



Waxy corn - edited allele strategy

Guide 1  Transcriptional start Guide 2
Wikd-type Wx1 e B | DN AEREINREREAEN

Summary: Non-Stiff Stock

« Created alleles directly in multiple commercial _ - . ,
5 Pris PHUNS FHZILC PHYSY JHEBLL
inbreds R ]

« Tested in greenhouse and field under standard rrEss [
testing strategy for late stage hybrids Stiff Stock F1ICD8 1 —

« Sep 2015 initiated transformation of new elite H;‘;’ --a
inbreds “on demand” :

« Wanxy deletions recovered in all 11 inbred lines Comnmsesrzial byt id

A BN Pre-Commercial hybrid

- SET—
(). PIONEER. CONNCENTAL



Waxy corn generated by CRISPR/Cas9

No. 2 Yellow Dent Corn Waxy Corn

* Translucent appearance * Candlewax-like appearance
* Feed / ethanol / food * Food / industrial
+ Starch: * Starch:
= 1
75% 25% >97%

Amylopectin Amylose Amylopectin



Gene-edited high oleic acid soybean oil now available
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Satoru Ishikawa et al. PNAS 2012;109:19166-19171
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Structure of OsNRAMP5 and the mutation sites Iin

lcd-kmtl and lcd-kmt2

C—{~{—{H (—{ H—{—{] (] (] I
— exon IX exonX
1‘ 1-bp deletion , , .
WT - TGCGCCAAC 433-bp insertion (50 exons and 383 introns)
led-kmt2: TGCGC_AAC

WT : ATTACCGGCACATACGCTGGACAGTACATCATGCAG
lcd-

kmt1:ATTAGGCCAGTCACAATGGGGGTTTCACTGGTGTGTCATGCACATTTAATAGGGGTAAGACTG~----
AATGACACTAGCCATTGTGACTGGCCTTA(mPingA1)

©2012 by National Academy of Sciences | | ﬂ A ; S



Gene responsible for low-cadmium rice

identified in Koshihikari

« Three rice mutants with grains containing less than 0.05 mg cadmium (Cd)
per kilogram were identified.

« The group produced the mutants by carbon ion-beam irradiation and also

identified the responsible gene for reduced Cd uptake:OsNRAMPS5 gene,
which encodes a Mn, Fe and Cd transporter

s . Low-Cd Koshihikari
Koshihikari
(lcd-kmt1)
upper part upper part
o 0
000 (&)
é
root cells To root cells
o :

roots g o ©.0 [

......... xylem 6'0 o\

0\4 © ]fo © ) og}?;él[ o ][ O] Oé

© cadmium (Cd)

_J functional OsNRAMPS transporter

J non-functional mutant osnramp5-1 transporter
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Generation of low cadmium rice by CRISPR/Cas9

o =WT mP12-C |30 243 L
= P12-1 P12-2

w
o

25
203

20 i

15 30 T
] 1.0 25
05 e 20
ok 0.040.03
P 0.0 P = 15
[ x o) 7
I 10
Fe Zn

N
wm

N
o

Grainyield (g/plant)

-
o

wm
wv

Metal conc. in brown rice (mg/kg DW)
o
=)

WT P12-C P12-1 P12-2

o

Mn

Cu Cd

45
40

.
3

30

2

20

15

1

WT P12-C P12-1 P12-2

w

Straw wight (g/plant)
wm

o

o un

WT P12-1

FI* B Tl iBE R %K ASNrampb 28 ]+ g e 4 4F ez

Tang et al. 2017



Loss of TaMLO function confers resistance of bread

wheat to powdery mildew disease

MLO

AA BB DD AA BB DD AA BB DD AA BB DD AA BB DD AA BB DD AA BB DD 66

Nature Biotechnol. (2014)32



Japan Launches World's First Genome-Edited Tomato

March 24, 2021
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Notification to MAFF and MHLW

Notification has completed on December 11, 2020

Environmental safety Food safety Feed safety
information information information
(To MAFF) (To MHLW) (To MAFF)
. N
' For cultivation | ~ Forfood For feed

7

Source: Dr. Ezura, Univ. Tsukuba



Labelling of the gene edited tomato

e sangtechsees
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t®sanatechseed

Kﬂtc notification was submisted o MHLW & MAFF

J

« This tomato has been improved by gene editing

technology
% * Notifications to MAFF and MHLW have been completed

sanatechseed

Source: Dr. Ezura, Univ. Tsukuba
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https://japan-forward.com/a-new-era-for-food-the-potential-benefits-of-gene-edited-foods/
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Future applications for innovative plant design

A De novo Domestication B Accelerated Breeding C Altering Metabolism

P
|

v a
)‘3“( QL

i
=

Applications Applications Applications
Improving Consumer Traits in Fruits Increasing Phenotypic Diversity Palmitic Acid Production in Soybean
Increasing Yield of Orphan Crops Adapting for Stress Response Capsaicin Production in Tomatoes

Nastia and Voytas (2021) PNAS



Domestication of wild tomato is accelerated by

genome editing

Trait introduction

¢~ Compact plant architecture )
Synchronized fruit ripening
3L SP >
. Day-length insensitivity >
3L AL SP5G oL
— ™ Enlarged fruit size >
3L =g \ ‘V SICLV3 and SIWUS 1L
— A Increased vitamin C level > n
-y el SIGGP1 p
3. N +
=L NEN & o
12-17L | S p T De novo domestication
7 ¥y by CRISPR—Cas9 7=12L
- f Coding sequences

Cis-regulatory regions

uORFs

De novo-

Trait retention

Wild tomato
S. pimpinellifolium

domesticated tomato

Biotic/abiotic tolerance

Li et al. (2018) Nat Biotechnol



Recent progress in CRISPR/Cas-mediated cis-engineering

In plants

B. Multiplexed CRISPR/Cas9 promoter targeting

SICLV3

TO lines > SICLV3 expression

> | I
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CRISPR/Cas9-driven

Backeross | :
¢ mutagenesis screen
Progenies =5
_____ - N\  SICLV3 expression
- .
- &
_____ > | 00 ®9@®
X o O
o wa w= = gRNA + Cas9|

Horticulture Research ( 2020) 7:36



Domestication of wild tomato is accelerated by
genome editing

LA1357 LA1357 LA1357 LA1589-T0-116
T1-94-4/5 T1-89-3/4 T1-83-1/2

Ascorbic acid content (pmol/g)

Li et al. (2018) Nat Biotechnol



Take home messages
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https://newsletter.sinica.edu.tw/15761/ https://food.ltn.com.tw/article/8691



Thanks for your attention
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