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Motivation for Study

Claims and research that extol either the benefits of or the risks p
osed by current genetically engineered (GE) crops and food have
created a confusing landscape for the public and policy-makers.

A clear need for a study that carefully examined the evidence
behind these claims and the rigor of the research.

Because the GE technologies are changing so rapidly, there was a
need for a study examining the cutting edge, and where that may
take us in the future.

BOARD ON AGRICULTURE AND NATURAL RESOURCES

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Contextual filters that influence a person’s
perception of scientific innovations

* Religion
¢ Institutions
* Socio-Economics

Sociopolitical and
Cultural Contexts

Information Climate

Individual

Characteristics

* Media Coverage

¢ Marketing Messages
¢ Television and Films

* Educational Messages

o Attitudes Toward Science

¢ Moral Considerations

¢ Perceptions of Risks and Benefits
* Knowledge About the Issue

¢ Interpersonal Exchanges

¢ Trust in Information Providers

* Deference to Scientific Authority

The National Academies of
SCIENCES * ENGINEERING - MEDICINE




20+ Years of Experience with
Genetically Engineered Crops

~
¢ Since the 1980s, genetic engineering has been used to

1980s express many traits in plants )

¢ First introduced into commercial production in mid-
1990s

J

~

¢ For a variety of reasons, only a few GE traits are in
widespread use.

e Herbicide resistance and insect resistance
¢ In maize, soybean, and cotton

To
date

BOARD ON AGRICULTURE AND NATURAL RESOURCES

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

GE Crops Planted on 12% of World’s Cropland
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Committee on Genetically Engineered Crops

ENTOMOLOGY
FRED GouLD (CHAIR), North Carolina State University

MOLECULAR BIOLOGY AND GENOMICS
RICHARD M. AMASINO, University of Wisconsin—-Madison

C. RoBIN BUELL, Michigan State University
CROP BIOTECHNOLOGY
RICHARD A. DIXON, University of North Texas

C. NEAL STEWART, University of Tennessee

Risk COMMUNICATION
DomINIQUE BROSSARD, University of Wisconsin—Madison

EcoNomics
Josk B. FALCK-ZEPEDA, International Food Policy
Research Institute (IFPRI}

ToxIcoLOGY
MICHAEL A. GALLO, Rutgers-Robert Wood Johnson
Medical School (retired)

FOODSCIENCE
BRUCE R. HAMAKER
Purdue University

EcoLoGgy
KEN GILLER, Wageningen University

PETER M. KAREIVA, University of California—Los Angeles

WEED SCIENCE
CAROL MALLORY-SMITH, Oregon State University

PLANT BREEDING
KEVIN PIXLEY, International Maize and Wheat ImprovementCenter (CIMMYT)
DAVID M. STELLY, Texas A&M University and Texas A&M Agrilife Research

SOCIOLOGY
LELAND GLENNA, Pennsylvania State University

EuizaBeTH P. RANSOM, University of Richmond
Law
MicHAEL RODEMEYER, University of Virginia (formerly)

DANIEL MAGRAW, Johns Hopkins University School of Advanced
International Studies

FOOD SAFETY
ROBERT J. WHITAKER, Produce Marketing Association

AGRONOMY
TIMOTHY S. GRIFFIN, Tufts University

This study was supported by the Burroughs Wellcome Fund, the Gordon and
Betty Moore Foundation, the New Venture Fund, the U.S. Department of Agr
iculture, and the National Academy of Sciences.

Committee’s Process

e 1996 National Research Council report, Understanding Risk:
Informing Decisions in a Democratic Society. A purely techni
cal assessment of risk could result in an analysis that accurat
ely answered the wrong questions and will be of little use to

decision makers.

* Academy study process. “Efforts are made to solicit input from
individuals who have been directly involved in, or who have s
pecial knowledge of, the problem under consideration.”

* Academy study process. “Report should show that the com
mittee has considered all credible views on the topics it ad

dresses.”

BOARD ON AGRICULTURE AND NATURAL RESOURCES

The National Academies of
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Committee’s Process

* Examined the relevant literature (1000+ research
and other publications)

* Held information-gathering meetings
— 80 presentations (archived)

* Read more than 700 comments submitted by
members of the public

BOARD ON AGRICULTURE AND NATURAL RESOURCES

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Broad Communications Throughout Study

> 1800 SUbscrIberS NATIONAL-ACADEMIES.ORG
. NATIONAL ACADEMY OF SCIENCES
» 1200 Twitter followers NATIONAL ACADEMY OF ENGINEERING A SCIENCE-BASED LOOK AT
INSTITUTE OF MEPICINE GENETICALLY ENGINEERED CROPS

NATIONAL RESEARCH COUNCIL

» 2-min Statement of Task v
ideo; meet the members

Home WhoAreWe? » About the Study ~ About GECrops v Upcoming Events ~  Event Archive ~  Committee Q

videos Recording Available of Workshop
. on Pest Management Practices
> Top ical understandable The major goals of the workshop were to examine trade-offs in pest

< management approaches for weeds, insects, and diseases and
compare environmental effects between different cropping systems,

P roducts ciiiting OF Aot o BE ey eTeme

Genetically Engineered Crops: Past Experience Subscribe for Updates

and Future Prospects
Provide Input

The National Academies of
SCIENCES * ENGINEERING « MEDICINE




A Key Message:
No Longer Clear Distinction Between
Crop-Improvement Approaches

* New technologies in genetic engineering and conve
ntional breeding are blurring the distinction betwee
n the two approaches (e.g., Gene editing and TILLIN
G)

* Itis not possible to make sweeping generalizations
about the benefits and risks of GE crops

» All technologies for improving plant genetics have
the potential to change foods in ways that raise s

afety issues

BOARD ON AGRICULTURE AND NATURAL RESOURCES

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Committee’s Analysis of Current GE Crops

* Based on experience to date

— Mostly restricted to herbicide-resistant and insect-
resistant varieties of maize, cotton, and soybean

— Data from industrial-scale and low-resource farms

* Analysis conducted for:
— Agronomic and environmental effects
— Human health effects
— Social and economic effects

BOARD ON AGRICULTURE AND NATURAL RESOURCES

The National Academies of
SCIENCES * ENGINEERING - MEDICINE




Agronomic and Environmental Effects:
Insect Resistance
in Maize, Cotton, and Soybean

Reduction in yield losses from insect pests.

Application of synthetic insecticides to Bt maize and cotton
has decreased.

Often higher insect biodiversity than in plantings of similar
varieties without the Bt trait but with synthetic insecticides.

Where resistance-management strategies were not followed,
damaging levels of resistance evolved in some target insects.

BOARD ON AGRICULTURE AND NATURAL RESOURCES

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Agronomic and Environmental Effects:
Herbicide Resistance
in Maize, Cotton, and Soybean

Herbicide-resistant crops sometimes contribute to higher
yield but mostly increase flexibility in farm operations.

Weeds have evolved resistance to glyphosate.

Integrated weed-management approaches should be used to
delay resistance. (This is true for GE and non-GE crops.)

BOARD ON AGRICULTURE AND NATURAL RESOURCES
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Herbicide use in cotton, maize, and soybeanin
the United States, 1995-2010
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Cotton herbicides
Maize herbicides
Soybean herbicides

SOURCE: Fernandez-Cornejo et al. (2014).

Experiences:
Agronomic and Environmental Effects

General Findings:

* Although gene flow has occurred, no examples have demon
strated an adverse environmental effect of gene flow from a
GE crop to a wild, related plant species.

* No conclusive evidence of cause-and-effect relationships
between GE crops and environmental problems.

* No evidence from USDA data that genetic engineering has
increased the rate at which U.S. crop yields are increasing.

BOARD ON AGRICULTURE AND NATURAL RESOURCES
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Yields of maize,

cotton, and
soybean in the
United States,
1980-2011.

Maize Yield
Kg/Ha

Maize Yield

USDA Data
SOURCE: D
uke (2015)
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Experiences:
Human Health Effects

The committee re-examined most of
the original studies:

Studies conducted with animals. (Not optimally designed)
Long-term data on the health and feed-conversion efficiency of livestock.
Comparative data on nutrient and chemical composition.

Epidemiological data of specific health problems for populations in the
United States and Canada compared to United Kingdom and western E
urope.

BOARD ON AGRICULTURE AND NATURAL RESOURCES

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Experiences:
Human Health Effects

CONCLUSION: No persuasive evidence of adverse health eff
ects directly attributable to consumption of foods derived fr
om GE crops.

CAVEAT: With any new food, GE or non-GE, there may always
be some subtle favorable or adverse health effects that are n
ot detected even with careful scrutiny, and health effects can
develop over time.

BOARD ON AGRICULTURE AND NATURAL RESOURCES
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Experiences:
Social and Economic Effects

CONCLUSION: Available evidence generally indicates favorable
economic outcomes for producers of GE maize, cotton, and so
ybean, although there is high heterogeneity.

CAVEAT: Although GE crops have provided economic benefits to
many small-scale farmers in the early years of adoption, enduri
ng and widespread gains will depend on institutional support a
nd access to profitable local and global markets.
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The National Academies of
SCIENCES * ENGINEERING - MEDICINE




Experiences:
Social and Economic Effects

CONCLUSION: Benefits to intended stakeholders depend on the
social and economic contexts in which technology is developed
and diffused.

* Regulations need to balance biosafety and consumer confidence with
impacts on innovation and deployment of beneficial products.

* Patents may limit access for farmers and plant breeders who lack
resources.

* GE crops alone are not able to address the complex challenges to
productivity on small-scale farms in food insecure places.

BOARD ON AGRICULTURE AND NATURAL RESOURCES

The National Academies of
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Prospects for Novel Genetically Engineered Crops

CONCLUSION: Emerging genetic-engineering technologies
are expected to increase the precision, complexity, and di
versity in GE crop development.

* Resistance traits for a broader array of insect pests and diseases in
more crops are likely.

* High uncertainty about other new traits, such as increased efficiency
in photosynthesis and nitrogen use.

* Balanced public investment in diverse GE and non-GE approaches is
recommended to address food security.
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The National Academies of
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Prospects for Evaluation of Crops
with Novel Characteristics

* -Omics technologies can provide a “fingerprint” of a
plant’s composition.

* These technologies can examine new GE and non-GE
crops for intended and unintended effects.

* Further development of -omics is needed.

BOARD ON AGRICULTURE AND NATURAL RESOURCES

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Diverse Regulatory Approaches

* Regulatory processes for products of genetic engineering diff
er among countries because they mirror the broader social, po
litical, legal, and cultural differences.

* Allissues cannot be answered by technical assessments alone.

* Disagreements among countries about regulatory models and
resulting trade disagreements are expected to continue as part
of the international landscape.

BOARD ON AGRICULTURE AND NATURAL RESOURCES

The National Academies of
SCIENCES * ENGINEERING - MEDICINE




Regulation Should Be Based on Novelty

* In determining whether a new plant variety should be
subject to safety testing, regulators should focus on:

> novel characteristics

> uncertainty about risk

« -Omics technologies will be critical in enabling these
regulatory approaches

BOARD ON AGRICULTURE AND NATURAL RESOURCES

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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No further testing Further testing

Proposed strategy for evaluating crops using -omics technologies
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Conventional breeding

Wild

cultivar relative
Beneficlal gene
Unwanted
genes
Back

Cross

Generatlon

F2
Generation

Many
backcrosses

New
cultivar

Transgenesis

Unrelated
organism

Beneficial gene
Unwanted
genes

Current )
cultivar Tramsfer |nto
plasmid in
Agrobacterium
Genes
required for
transfer
New
cultivar

Cisgenesis
wild
relative

Beneficial gene

Unwanted
genes

Current Transfer into

cultivar plasmid in
Agrobacteriur
Genes
required for
transfer
MNew
cultivar

WIKI: Genetic engineering
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— etc
« Radiation
— Fast neutron
« DNA mutagen
— Transposon

variation

« Natural variation (mutation)
— Generally regarded as safe: all possible mutations including indels
« Chemical mutagenesis
— EMS (Ethyl methanesulfonate)
— NMU (N-Nitroso-A-methylurea)

— Agrobacterium transfer DNA (T-DNA)

« Biotechnological precise genome surgery
— Non-random, planned correction
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BINA random tagging

INCUEOFE

T-DNA random
Insertion

Agrobacterium T-DNA
In the genome

Arabidopsis

Forward genetics

Gene
Function

Population containing
T-DNA tag in every gene y,
of Arabidopsis genome

Reverse genetics

Sequencing the
flanking DNA
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Studies Characterizing

2011

tracrRNA forms a duplex structure
with crRNA in association with Cas9
Deltcheva et al

2007
First experimental evidence for
CRISPR adaptive immunity

Harrangou et al Type Il CRISPR systems are

modular and can be
heterologously expressed
in other organisms

Sapranauskas ot al.

1987

First report 2002 2009

of CRISPR Coined “CRISPR” Type lIl-B Cmr First demonstration of

C|USI§T60 repeats | name, defined CRISPR complexes Cas9 genome engineering
Ishino et al signature Cas genes cleave RNA in eukaryotic cells

Jansen et al Hale et al. Cong etal
Mali et al.
L2 | E—m— v ¢ @ $
2000 2005 2008 2012 2014
Recognition that Identified foreign CRISPR acts upon In vitro Genome-wide functional
CRISPR families origin of spacers, DNA targets characterization | screening with Cas9
are present proposed adaptive Marraffini et al. of DNA targeting Wang et al.
immunity function
throughout ! ty Spacers are by Cas9 Shalem etal
prokaryotes Moajica et al. Corveried into Jinek etal.
Mojica et al Pourcel et al. 2010 Gaslunas etal. | Crystal structure of apo-Cas9
5 mature crRNAs = Jineketal
centfedfatt iiat sccas small Cas9 is guided by spacer
Quéde R_NASI sequences and cleaves Crystal structure of Cas9 in
Sunete target DNA via DSBs complex with guide RNA and
Garneau et al Clos ol
Nishimasu et al

Hsu PD, Lander ES, Zhang F (2014) Development and applications of CRISPR-Cas9 for genome engineering. Cell 157:1262-1278




Conjugating bacterium

Plasmid
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\mmunization

Spacers (1,2...n) Integration of processed
4 Y invading DNA (Spacer)

RNaselll

7
Pre-cRNA & R
processingcomplex ~ Transcript

DNA containing Protospacer and
the adjacent PAM (NGG)

Cleaved
Phage/plasmid

\DNA

Fichtner F, Urrea Castellanos R, Ulker B (2014) Precision genetic modifications: a new era in molecular biology and crop improvement. Planta
239:921-939

laggeted genom

—

ZFN TALEN CRISPR

mnm"'“ M o= ZFN (Zinc Finger Nuclease)

S s + TALEN (Transcription Activator-Like Effector

‘ TALE A Nuclease
CRISPR/Cas9 nuclease (Clustered Regularly
Interspaced Short Palindromic Repeats/Cas9
nuclease)
DSB
NH R
InDel

X XX

donor DNA donor DNA
point mutation gene replacement
—_— —_—
disruption substitution

Chen L, Tang L, XiangH, JinL, Li Q Dong Y, WangW, Zhang G (2014) Advances in genome editing technology and its promising application in
evolutionary and ecological studies. GigaScience 3:24
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CRISPR/Cas9 nuclease (Clustered Regularly
Interspaced Short Palindromic Repeats/Cas9
nuclease)

From Huw Jones 2015 Nature Plants
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(a)

TargetDNA

RuvC

20 nt

protospacer NG

GRISPR/Cas9 mech

PAM

- W
chIIIIIIIIIIIIIII

3 CrRNA

(b)

RuvC
n. PAM
TargetDNA protospacer GG
NI} 20 nt [TTTETNIN,
S TITTT c
1110111 AR

HNH

o~ SgRNA

Bortesi L, Fischer R (2015) The CRISPR/Cas9 system for plant genome editing and beyond. Biotechnology advances 33:41-52




y

M@ Reg

USDA United States Department of Agriculture AbOUt APHIS | Ask The Expert | Careers | Contact Us | Help
ZEEEl Animal and Plant Health Inspection Service

| | Search

0 E Y wb ee

Home Our Focus~ Resources~ Newsroom~ Blog

Biotechnology (BRS) / Am | Regulated Under 7 CFR Part 340?
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Regulated Atrticle Letters of Inquiry
Regulated Article Letter of Inquiry Submission Process

Program Overview

Engagement on APHIS Biotech b Reg y Services provides oversight of certain gl (GE) org: to protect plant
health, by the the importation, interstate movement, and environmental release—of
those GE organisms that may pose a pest risk to plants. The definition of a regulated article is found at 7 CFR § 340.1,
which can be read at /brs/pdf/7cfr340.pdf.

Permits, Notifications, and Petitions

Guidance Documents N ) )
If your GE organism meets the definition of a regulated article and you plan to import it, move it interstate or release it

into the environment, you will need to apply for a permit or notification

i Quality System
(BQMS)

If you are unsure whether your GE meets the ion of a article as in 7 CFR part 340,

Compliance and Inspections you may seek a determination from BRS by sending a signed letter with the information below to:

Dr. Michael J. Firko

APHIS Deputy Administrator,
Biotechnology Regulatory Services
4700 River Rd, Unit 98

Riverdale, MD 20737
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Genetically engineered crops that fly under the US regulatory radar
Alex Camacho, Allen Van Deynze, Cecllla Chl-Ham & Alan B Bennett

Nature Biotechnology 32, 1087-1091 (2014) | doi:10.1038/nbt.3057

Published online 07 November 2014
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Wild type
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Arabidopsis brassinosteroid biosynthetic mutants

. primer F2

Target 1 mm:f,—?"

Target 2
BRI1 (brassinosteroid insensitive 1) primer R2
5 '\
< /
a8t 244 183 Heteroduplex-specific cutting by T7E1

556

Day 1 Day 3
(-) 20 60 (-) 20 60 (ug/200ul)

Leaf age . 2 weeks 4 weeks

m — - . Yommnt . - T7E1 (+) ) 12 30 12 30 noPEG (g

< 71 indel (%) o . . — - ——
bt — SR

0O P e G — — — — T7[E1 (-)

312

One day treatment of 200K cells in 200 ul volume with 20 ug RNP with PEG induced indels




1. DNA spanning the 2 target sites was PCR amplified
2. Cloned into a TA-cloning vector

3. Clones were randomly selected and Sanger sequenced: 23/40 = 57.5 (%)

Gy o oy e oy Ve G — G— ey —y — — —

—
—

) p— p— o Ge— y f— -

TGGGTTTGGAGATGTTTACAAAGCGATTTTGAAAGATGGAAGCGCGGTGGCTAT .o v v v e ve vt 190! bp sus s s GCTGGGGTGAAAC TAAACTGGTCCACACGGCGGAAGATTGCGATAGGATCAGCTAG

TGGGTTTGGAGATGTTTACAAAGCGATTTTGAAAGATGGAAGCGCGGTGGCTAT .o v v v e ve vt 190 bp e v e GCTGGGGTGAAACTAAA- -~~~ -~ ACACGGCGGAAGATTGCGATAGGATCAGCTAG
TGGGTTTGGAGATGTTTACAAAGCGATTTTGAAAGATGGAAGCG -ACACGGCGGAAGATTGCGATAGGATCAGCTAG
TGGGTTTGGAGATGTTTACAAAGCGATTTTGAAAGATGGAAGCG CACACGGCGGAAGATTGCGATAGGATCAGCTAG
TGGGTTTGGAGATGTTTACAAAGCGATTTTGAAAGATGGAAGCGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCACACGGCGGAAGATTGCGATAGGATCAGCTAG

Protoplast 1*1075 cell
Cas9 protein 20 ug (final concentration : 50 ng/ul)
sgRNA 15 ug (final concentration : 38 ng/ul)
PEG incubation condition 20 %, 15 min
Total volume 400 u
BRI1-TS1
57 -GTGGGTTTGGAGATGTTTACAAAGCGATTTTGAAAGATGGAAGCG-CGGTGGCTATCAAGAAACTGATTCATGTTAGCGGT WT
5’ -GTGGGTTTGGAGATGTTTACAAAGCGAT TTTGAAAGATGGAAGCGECGGTGGCTATCAAGAAACTGATTCATGTTAGCGGT +1 bp (1/4)
57 -GTGGGTTTGGAGATGTTTACAAAGCGAT TTTGAAAGATGGAAG- - - CGGTGGCTATCAAGAAACTGATTCATGTTAGCGGT -2 bp (2/4)
5’ -GTGGGTTTGGAGATGTTTACAAAGCGAT TTTGAAAGATGGAAGCGtCGGTGGCTATCAAGAAACTGATTCATGTTAGCGGT +1 bp (1/4)
PhyB
57 -ACGGTGCAGCATTTCTTTACCACGGGAAGTATTACCCGTT-GGGTGTTGCTCCTAGTGAAGTTCAGATAAAAGATGTTGTG WT
57 - ACGGTGCAGCATTTCTTTACCACGGGAAGTATTACCCGTT--GGTGTTGCTCCTAGTGAAGTTCAGATAAAAGATGTTGTG -1 bp (3/10)
57 -ACGGTGCAGCATTTCTTTACCACGGGAAGTATTACCCGTTaGGGTGTTGCTCCTAGTGAAGTTCAGATAAAAGATGTTGTG +1 bp (1/10)
57 -ACGGTGCAGCATTTCTTTACCACGGGAAGTATTACCCGTTtGGGTGTTGCTCCTAGTGAAGTTCAGATAAAAGATGTTGTG +1 bp (4/10)
57 -ACGGTGCAGCATTTCTTTACCACGGGAAGTATTACCCGT - -GGGTGTTGCTCCTAGTGAAGTTCAGATAAAAGATGTTGTG -1 bp (2/10)

(wt)

-7)
(-224)
(-223)
(-223462)




— #Mock ®RGEN-RNP gAaTtcGAGCAAtACCCAACtGG
OT2 aACTgGGAaCAtCACCCAAtaGG
—

oT1 CACcAGGAGCAAtATCaAACtGG
ON | ——— CACTAGGAGCAACACCCAACGGG
0.001 0.01 0.1 i 10 100 Indels (%)
BRI1TS1
OT6  — “Mock WRGEN-RNP TTTGZAAaAgGGtAGCGCGGTGG
oT5 N TTTGAAA2AgaGAAGCGtGGTGG
OoT4 m TTTGgAAGATGGAAGCtatGTGG
oT3 aTTaAAgGt TGGAAGCGCGGCGG
or2 . TTTGAAEGATGGAt tCGCtGCGG
OT1 TTTGAAACATGGAAGCaCGaaGG
ON e —— TTTGAAAGATGGAAGCGCGGTGG
0001 001 01 1 10100 jnges (%)
BRI1TS2
OT4 =Mock WRGEN-RNP TGtAACaAAACTGGTCaACcaGG
oT3 W TagAtCTgAACTGGTCCACAEGG
o2 . TGtAAgTAAAtTGGTCCECALGG
oT1 I TGAAACTAZACTGGTCaACAaGG
ON [ — TGAAACTAAACTGGTCCACACGG
0.001 0.01 0.1 1 10 100 Indels (%)

DWD1 CYP724
3-1 3-2 3-3 3-1 3-2 3-3
i
o
4—
Protoplast 3*1074 cell
Cas9 protein 20 ug (final concentration : 50 ng/ul)
sgRNA 15 ug (final concentration : 38 ng/ul)
PEG incubation condition 20 %, 15 min
Total volume 400 ul
DwWD1
5’ -TGGTTGATCCCGTCTGCATCGTCCAAGCGCACAGTGGCCCGGCCTACGACGTCAGGTTCT - - - -ACCCGGATTCGCAGCAGC WT
5’ -TGGTTGATCCCGTCTGCATCGTCCAAGCGCACAGTGGCCCGGCCTACGACGTCAGGTTCT -/ / -ACCCGGATTCGCAGCAGC +33 bp(4/5)
5’ -TGGTTGATCCCGTCTGCATCGTCCAAGCGC -~ - -~ -~ == == mmmmmmm e o oo T----ACCCGGATTCGCAGCAGC -29 bp(1/5)
CYP724

57 -CAGGAACCTTGCTCTAGCACTGGTCACCTCCACAAAGCTCAAGCCCAGCTACCTTGGCGACATTGAGAAGATTGCACTGCATATAGTTGGGTCATGGCATGGCAAGAGCAAGG  WT

52 - CAGGAACCTTGCTCTAGCACTGGTCACCTCCACAAAGCTCAAGCCCAGCTACCTTGGCGACATTGAGAAGATTGCACTGCATATAGTTGGGTCAT -GCATGGCAAGAGCAAGG  -1bp (2/2)




LsBIN2-RG4

52 -AATTTTTCGGGTTTTAAAGCATCACAGTGATGCTCGTCAAAGGATGCCTCTCAT

37 -TTAAAAAGCCCAAAATTTCGTAGTGTCACTACGAGCAGTTTCCTACGGAGAGTA

T7E1

Ctrl 1 2 3 4 5 * (culture)

sgRNA (ug) O 5 10 20 40 80

Arabidopsis B/IN2 CAS9 (ug) © 25 5 10 20 40
(brassinosteroid insensitive2): Indel (%) - 1d g 4

gain-of-function mutants

I
Mtuw Ol w:m;_ LL%

ollowed by lettuce plant.regeneratic
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Growth and Division of lettuce Protoplasts
(LsBIN2 (RG4) editing line)

g~

»

NCycC

RNEld

tion of wholeiplants

WT T7 (11.20)

Target site - RG4-1 RG4-2 RG4-3 RG4-4

el 1 1 1 N
- s — Ay .

Bl

T7 (RG4-1)

Mutated
locus

T7 (RG4-2)

Mutated
locus

T7 (RG4-3)

Mutated

T7 (RG4-4)

E

locus

locus

wWT T7- T7- T7- T7-
RG4-1 | RG4-2 | RG4-3 | RG4-4
0.046 45 57 38 32
PAN
ATCACAGTGATGCTCGT -CAAAGG
ATCACAGTGATGCTCGTCAAAGG + 1bp (1105/36122;
ATCACAGTGATGCTCG--CAAAGG - 1bp ( 93/36122;
ATCACAGTGATGCTCGTaCAAAGG + 1bp ( 83/36122;
ATCACAGTGATGCTCGTECAAAGG  + 1bp (  76/36122;
PAM
ATCACAGTGATGCTCGT -CAAAGG
ATCACAGTGATGCTCGTCAAAGG  + 1bp (1492/44912;
ATCACAGTGATGCT----CAAAGG - 3bp ( 3@5/44912;
ATCACAGTGATGCTCGTaCAAAGG + 1bp ( 168/44912;
ATCACAGTGATGCTCGTECAAAGG + 1bp ( 115/44912;

PAM
ATCACAGTGATGCTCGT -CAAAGG

ATCACAGTGATGCTCGTECAAAGG  +
ATCACAGTGATGCTCGTaCAAAGG  +
ATCACAGTGATGCTCGTECAAAGG  +
ATCACAGTGATGCTCGTCCAAAGG  +

PAN
ATCACAGTGATGCTCGT -CAAAGG

ATCACAGTGATGCTCGTCAAAGG  +
ATCACAGTGATGCTCGTACAAAGG  +
ATCACAGTGATGCT- ---CAAAGG -
ATCACAGTGATGCTCGTECAAAGG  +

1bp
1bp
1bp
1bp

1bp
1bp
3bp
1bp

( 805/33980;
( 145/33980;
( 93/33980;
( se/33980;

( 639/29598;
( 81/29598;
( 59/29598;
( 34/29598;

(Deep sequencing analysis : NGS)

3.1
0.26
0.25
0.21

343
©.58
.37
.26

2.4
0.43
0.27
0.15

2.2
.27
°.20
.11

%)
%)

%)




H

etercduplex-specific cutting by T7E1

Bi allele mutation

Mono allele
mutation
(mono)

Bi allele mutation
(hetero)

(homo)

#28 (WT)

. WT1 2 3 4 5 6 7 8 9
T e v e o e vy v e o ey e
-RGEN
—
=
+RGEN == = == e o o o -
ATCACAGTGATGCTCGT -CAAAGG WT
#08 ATCACAGTGATGCTCGT TCAAAGG +1
#09 ATCACAGTGATGCTCGTTCAAAGG +1
#10-A1 ATCACAGTGATGCT - - - -CAAAGG -3
-A2 ATCACAGTGATGCTCGT TCAAAGG +1
#11-A1 ATCACAGT---------- CAAAGG -9
-A2 ATCACAGTGATGCTCGTTCAAAGG +1

10 11

12 13 14 15 16 17 18 19 20 21 22 23
—

#20-A1

#21-A1

ATCACAGTGATGCTCGT -CAAAGG
ATCACAGTGATGCTCGT TCAAAGG
ATCACAGT ---------- CAAAGG
ATCACAGTGATGCTCGT TCAAAGG
ATCACAGTGATGCTCGT TCAAAGG
ATCACAGTGATGCTCGT - - -AAGG
ATCACAGTGATGCTCGT TCAAAGG
ATCACAGTGATGCTCGT TCAAAGG

WT Mono Hetero Homo

T7E1

WT  Mono Hetero Homo

RGEN-
RFLP

Arrows: cut
Red: deletion
- insertion

Kim JM, Kim D, Kim S, Kim JS (2014) Genotyping with CRISPR-Cas-derived RNA-guided endonucleases. Nature Commu 5: 3157

#30 (bi-allelic , homo)

24 25 26 27 28 29 30 31 32 33 34 35

BEE - — -
- - - —— — — —
WT ATCACAGTGATGCTCGT -CAAAGG
+1 #24-A1 ATCACAGTGATGCTCGTTCAAAGG

-9 -A2 ATCACAGTGATGCTCG--CAAAGG
+1 #25-A1 ATCACAGTGATGCTCGTTCAAAGG
+1 -A2 ATCACAGTGATGCTCGT -CAAAGG
-2 #29-A1 ATCACAGTG------- T-CAAAGG
+1 -A2 ATCACAGTGATGCTCGT -CAAAGG
+1 #30-A1 ATCACAGTGATGCTCGTTCAAAGG
#31-A1 ATCACAGTGATGCTCGTTCAAAGG
#33-A1 ATCACAGTGATGCTCGTTCAAAGG
#34-A1 ATCACAGTGATGCTCGTTCAAAGG




#26 (WT) ATCACAGTGATGCTCGT-CAAAGG ATCACAGTGATGCTCGT-CRAAGG  WT
#24-A1 ATCACAGTGATGCTCGTTCAAAGG  +1

-A2 ATCACAGTGATGCTCG--CAAAGG -1

-

Germiine transmission

E——

T0-23 T0-10 TO0-12 T0-20 TO0-24 TO0-25
WT  A3bp/ibp 1bp/iibp  A2bp/ibp Albp/ibp 1bpl+

WT T0-12 T1-1 T1-2

+ RGEN

SN /\/\/\f\/\/\f\/\/\ /\/O\ T0-12

23 6T8RTo¢TeoTTE
{20




Numbe
genc

No. of mismatches to on-target site

0 1 2 3 4 5 Total
1
No. of potential off-target sites 0 1 4 27 349 382
(on-target)
No. of sites Wlth appropriate PCR 1 0 1 3 24 72 101
primers
No. of sites amplified successfully 1 0 1 3 22 65 92

3 E { ]
 frequencies
rgetasSites

WT T0-20 T0-24 T0-25
Site
name Sequence Indels(%) Indels(%) Indels(%) Indels(%)
On-target ATCACAGTGATGCTCGTCAAAGG 0.021 99.912 99.867 45.042
OT1 ATCACAGTGCgGCTCGTCAAEGG 0.022 0.039 0 0
oT2 CcaCACAGTGATGtTCGTCAAEGG 0 0.014 0.024 0.013
OoT3 ATacCAGEGATGCTCGTCAALGG 0 0 0 0
OoT4 ATCAtAGTGATGCTCaTgAAgGG 0.013 0.03 0.019 0
oT5 ATCACAtTGATGCTCtaCAtAGG 0.023 0.033 0.029 0.012
OT6 ATaACAGaGACGaTCGTCAAAGG 0.029 0.03 0.014 0.027




Plasmid DNA method

RNP method

4. 358p-cas9 plasmid 3 ug + U626p-phyB sgRNA plasmid 3 ug
5. 358p-cas9 plasmid 6 ug + U626p-phyB sgRNA plasmid 6 ug
6. 358p-cas9 plasmid 12 ug + U626p-phyB sgRNA plamisd 12 ug
7. 358p-cas9 plasmid 24 ug + U626p-phyB sgRNA plamisd 24 ug

3 4 5 6 8 9 10
12 hours
—
Indels (%) e
NGS 0.020 0.046 0.021 1.7 46 4.5 42 27 8.7 48
24 hours
—
Indels (%) :
NGS 0.0066 0.042 0.016 4.0 96 9.6 g8 36 14 49
1. Control (PEG treatment only) 2*10° cell
2. 358p-cas9 plasmid only 12 ug
3. U626p-phyB sgRNA plasmid only 12 ug RNP method

8. phyB sgRNA (ggX20) 60 ug + cas9 protein 30 ug
9. phyB sgRNA (gtX20) 60 ug + cas9 protein 30 ug
10. phyB sgRNA (gX19) 60 ug + cas9 protein 30 ug

A LA . a » » - —
NAWs RNP method:
Cas9 plasmid 3 ug + sgRNA plasmid 3 ug

CACTAGGAGCAACACCC === === = === = == === mmm e oo oo o AACGGG
CACTAGGAGCAACACCTGATGATCAGGTCCTTCTTCACCTCCTTGTAGCCCTAACGGG

WT

Cloning vector pYB196 T-DNA region, complete sequence
Sequence ID: gb|KJ816368.1]| Length: 8616 Number of Matches: 1

+ 35bp (2/90518)

bla promoter.
g
PUC origin__ {

356 terminator_ 45

35 promoter
/

<4
cas9-HC

Range 1: 7023 to 7057 GenBank Graphics

Score Expect Identities Gaps Strand

69.9 bits(35) 1e-09 35/35(100%) 0/35(0%) Plus/Minus

Query 1 GATGATCAGGTCCTTCTTCACCTCCTTGTAGCCCT 35
PETEETET Rt e e et rrnd

Sbjct 7057 GATGATCAGGTCCTTCTTCACCTCCTTGTAGCCCT 7023




m—ﬁe@ ‘genome editir

Tissues @+ D &
K‘RP‘IA ',,/

Cell wall removal @ w g\/
. L v

Transfection of pre-
assembled RNP

Plants Protoplasts (Cas9+gRNA) Genome editing \
Genome edited plants Regeneration Callus

.

Brosyand cons of the me

e

* Pros
— Cas9 protein expression and sgRNA processing nod needed
— No foreign DNA remained in the genome
— Homozygous mutant at single generation
— Simultaneous editing of multiple genes (multiplexing)

« Cons
— Possibility of accompanying somaclonal variation

— Difficulty regeneration of whole plants from some crop
protoplasts

— Delivery issues




@onelusion :

« RGEN RNPs can be used to induce targeted
genome modifications in six genes in four
species.

» RGEN-induced mutations were stably maintained
in whole plants that were regenerated from the
protoplasts and were transmitted to the
germline.

« The resulting genome-edited plants might be
exempt from current GMO regulations

NEWS

A face-lift for biotech rules begins

US federal agencies on October 30 held the
first public meeting to comply with the White
House's order to modernize the federal regu-
latory system for genetically modified (GM)
products. Tn the meeting representatives from
the three agencies that oversee such products—
the US Department of Agriculture (USDA), the
US Environmental Protection Agency and the
US Food and Drug Administration (FDA)—
presented overviews of their current roles in
the regulatory system, and gave membersof the
public four minutes orless to air their views on
how the system should be updated. The public
comments ranged from demands for moratoria
on some types of GM crops, to calls for regula-
tory exemptions for others. Despite the chasm,
nearly all speakers seemed to agree: the system
s sorely in need of revision.

The meeting, held at the FDA campus in
Silver Spring, Maryland, was a response to a

Gene-edited CRISPR mushroom
escapes US regulation

July 2, memorandum from the White House s s

Office of Science and Technology Policy The White House, through the Office of Science and Technology Policy, annou

(OSTP) (Nat. Biotechnol. 33, 894, 2015) that  overhaul the regulation of biotech products. A fungus engineered using CRISPR-Cas9 can be cultivated and sold without oversight.

asked the threeagencies to “update” the current

IDTECHNOLOGY

rights reserved.

BY EMILY WALTZ

he US Department of Agriculture
(USDA) will not regulate a mushroom
that has been genetically modified
with the gene-editing tool CRISPR-Cas9,
the agency has confirmed. The long-awaited
decision means that the mushroom can be
cultivated and sold without passing through
the agency’s regulatory process — making it
the first CRISPR-edited organism to receivea
green light from the US .
“rha

STUART MALLGETTY

CRISPR-edited crops free to enter market, skip regulation

The first CRISPR-edited crops presented
to the US regulatory system can be
cultivated and sold without oversight by
the US Department of Agriculture (USDA),
the agency said in a pair of letters posted
in April. The decisions could reduce by
millions the cost of development of the
crops: an anti-browning mushroom and a
waxy corn genetically modified with the
gene editing tool CRISPR-Cas9. Some
scientists hailed the decision as a step

in the right direction, although media
outlets and other interested parties said it
illustrates the murky state of US biotech
regulations.

Johnston, lowa-based DuPont Pioneer
engineered the waxy com to contain starch
composed exclusively of the branched b ot pioneer's high amylopectin com is the first CRISPR-edited plant likely to bypass USDA
oversight.
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in processed foods, adhesives and high-
gloss paper. Company researchers achieved the effect by shutting necessary tool in biotech. Plant pests have served as the trigger for

erved.
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Milestones in Biotechnology
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> DNA strand sequencing
D> Restriction enzyme and cloning
> PCR (polymerase chain reaction)

> GM technology
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hll Contribution

1) to Science Work

2) to Industry Application

¥

White Bio
nd d
1100% AJ% 180% AJ% 120% A%
Hio| 29| of, H A Hio| 2 3tst H&F NESAL HL7ls
AKX &, Hio|2 =, oLix], M HeE 59
28X = HagdLad R A= H7HH|

1) X252 O (open polination); 9I%, 53, SLOLAIES] 60-70% XX
Sxgl); MASHCH DRI} Qs SXE HABAEE B
WHTAIISS 018 F,

2) §1ci &S F, Hybrid (44|
3) QUIPHE S GM(genetically modified) SX}; M| S XLA|EHO| 30% M H2




hll Questions

vV 4E3svl=s0| SXAHEO| EofLt =50] K| QALE?

1975 | 1985 | 1996 | 2006 | 2009 | 2010 | 2011 | 2012 | 2015 | 2020 4=

120 | 180 | 300 | 340 | 380 | 420 | 430 | 450 | 482 | 615 -1

ISF(International Seed Federation, 2013) HAH™A 2k 5% S}

MA GM SXHAIE 22 HH

1996 | 1998 | 2000 | 2004 | 2006 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

0.9 15 24 51 67 20 104 | 117 | 132 | 146 | 156 157 | 153

Global market value of biotech crops = biotech seed + technology fee (ISAAA, 2015)

v oz HMMA Sxte] oF 33%7t GME Xt

v Al Brio) Yot} £20] EIQLE?

CB + MAS + GM

CB + MAS

Conventional breeding

Maize yield (t/ha)

OP(no selection)

10 15 20
Year

(0,

(ISAAA, 2009)

CB: conventional breeding
MAS: marker-assisted breeding
GM: genetically modified




mEI SX}5|AFO| ApQITbE

sk (GY

QML 8 R&D

: &

EX}EHD

*&}) OF
=)

o| /%

H(CEH 2] )

S A (8El oL, =)

XFgloflA] AlEb7tx] o 101 OfA¢

*SXE7 192l v x| Y| A: CH 2| =g
*SXHEH ¥ S710] after service A|

(=) = it
FGMEM FE EOY7HX] 3PS
C K844: oA PM, 8§57} ] B
11
Germplasm =3 91 Z A}
C TR " — -S4 7t
C AHexd A AS1H 5-104 -Crop specialist
C Y i
MEAY + MY - =
C prro. -Product manager
AMu At (s 7)) ] 4 = _Trial coordinator
C ] 2-3d -Selector
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A + B
C ]5_105 -Sales manager
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GMO 7% 7|
Zlg¥ ez AHe, dibd Ho Jts
-EtH™: high cost, public concern

M2 soH|= Y 7|e
-7
-50-7049CH MAHS B2k B 1-2%

i x| = (ofl: MBts), ===} 7|1E
-XHENX| S St 2

U5 AU(precision farming) 7|&
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-Big data0f| o|¢t HH 48, =%, &7, &E(IoT)

-IHE W2 7S

X g5} pipeline 74
| —
o




mn CHEE7|Y: 857|128, MHTS|S, ICTE 88 &8

-

|

| crerst g mxta

| SHHONA) He |

E} SHE "L BEY, ElL%?
Al HIEE 5t25] ="
xlofg | AEE, BEEL, g S T
EQE| E0| big data =43 S319 —a
=£=— 9 g 3|35 Mg ot
= = henotyping) ID &I
MHZS 7S S (phenotyping

|

| st 71xHm), Al + HLsY | By

e,
Bdu|TEa A,
QAR AE| 2N,
BEWZAL BT 5

Corn phenotyping facility

A e
7= &89 Xo|(MZl= vs Th=)
MT=
Atk
AN A
27171 | W [ZIEMNE | S | HolX 8 | » | AAHAMY
CHEr Al Al =917} IoT, big data, smart A|Al Gi7| H&3}
ook, S1EE, ALI|SA D} A7
= L
ApA A
JH*‘“ E:I'I'-l- 7|%7HHEI- — P 1
27tei7|H | = m» /g8 XN —— > | I
=i g ==
tst 2@ d HSY A=Y
Mehnl M 7ol 2
Astz A ofof
EETEEERY




mI ESSMS 9% A7|Z B8
L M 2Hxtal(germplasm) #1 8 7|&

XA g5: OpdE, XH2iE, AlS. F1 hybrid, Z X/ H{ K|

-HkALM, EMS, Site-directed mutagenesis,
Genome editing...

2. ZX|Hj % (double haploid line)

3. MZzg¢

4. Genetically modified

-GMO, Cisgenesis, Reverse breeding...

WA =5 7l M8, HER 2O &8

II. DNA marker-assisted Technology

+ Genome information

> MAS (marker-assisted selection)

> MABC (marker-assisted backcrossing)
> Genomic selection

> GWAS
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Hg7|%2| 0f: 1) MABC

ra
ofm
2
El

{AAE ] X |[BAZHEA gene x)
P1 l P2

—— [
1
]

l 87.5%
l 93.8%

96.9%

98.4%

}

99.2%

N e A S EA I Mg A ve
) ® ®

MABC X Ib°d £ Ao}
(background selection)

P22| genomed] Lt OI7{E O| 2510 P2
SHMH™EE H]5t 7 M| & selection out

P P SR 1 BC,Fy Py

=X [||] -

320R Ok ok

BC;F; P; BC,F,;




P1

MABC

P2

I Recurrent| X | Donor X

ZojH

uhe £l
|
—l BC,F,
®

> New line

A g

- Recurrent®} donor lineg 185} O & 0| &310] recurrent backbonetg Y
- BC,F, OflM otdX oz nd; M T HH

Selection of A New Line by MABC

KSWP(Tm3)—-TSWV R

(Dr. SH Choi, NWB)




HM87|29| 0f: 2) G. Editing

CRISPR-Cas9
Ribonucleoproteins (RNPs)

Cas 9 protein transfection 1) EMGHX} Ho| =
2) YEEH by

3) transfection

3) M 23t

4) DNA O} 2 Mgt

RNA guided engineered endonucreases
(RGENSs)

New

=) crop

19

0

1. Metabolic Engineering2 E¢t 22 ST X271
Of: FHMLYE = o&E|= P2 A

CHS1,CHS2 Knockout

-anthocyanin &HZFZtA 7|Cjf
-HjZMOo = tHEt

PSY Knockout CHYB1/CHYB2 Knockout

Orange

-Beta-carotene 2,
LCYB1,B2 Knock-out -H# orange

-Alpha-carotene, Lycopene &2 7}
-Beta-carotene &H3F ZtA
-XI5t red

Red




The common white button mushroom
(Agaricus bisporus) has been modified
to resist browning.

polyphenol oxidase (PPO) knock out

The mushroom can be cultivated and sold without passing through
the agency’s regulatory process — making it the first CRISPR-edited

organism to receive a green light from the US government. April 17,
2016

2. HAN| XEA GM 2 4| (hon-GMO)

(A|=H| ¥F8 enzyme knock out)




M27|=2] 0f: 3) Cisgenesis(5&7|&)7|&=

(=) —_

HMol: 22 & £+ sexually crossable Z0|A| EFHGHXIE O|HSI=
fH D gEHetyE 0|8510] whole geneg &7 M=

Gl wujzt o A

S QHEXEE 7. SHKXIE M2 F vectore selection-out (non-
GMO).

Cisgene

-is a natural gene, coding for a trait, from the crop plant itself or
from a crossable species which is normally used in conventional
breeding (It belongs to breeder’s gene pool)

-contains exons and introns and flanking regions such as native
promoter and terminator region in a sense orientation(whole
gene: ¢t 7| S X7} mRNA THE7| Mo| DNA AFER)

Cisgenesis& & HEHlE]

RS
P
P | T
35S © ReclBD 35S "~ CodA-nptll
s DR s Eessss——

pMF1000

RS — T

RB
|__—_

| Gene |— 35S - RecLBD - 355 - CodA-nptll
e e ey Se— e

+dexamethasone(dex): chemically activates the recombinase and excises

RS region
RB LB

MEHLY | Gene |

X DNA

=
Mo

X DNA




HE 83 ‘ . 6 . 10w
GMO 83 @ — 6 — 1044 o]t
Cisgenic & 6 6 , 2-44

Cisgenesis 2™

-quickly, cheaply create new varieties
-only beneficial gene transferred
-YES S0 & 3 QI linkage drag2 TH 4+ 9

Cisgenesis =7

-Available cisgene (whole gene cloning)
-Marker free transformation
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A3 ol gHEAHE Rs
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pPMF1 with Herfvi2
17434 bp

RB LB

HcrVf2

Schematic representation of the pMF1 vector containing the Hecrl/f2 gene
controlled by its native regulatory sequences. The segment between the left (LB)

and the right border (RB) is transferred into the plant cell, and the segment between
the recombination sites (RS) is then removed on recombinase-mediated deletion,

with the exception of one of the RS. Harlf2 apple scab resistance gene from apple cv.
Florina; fusion marker gene codA/nptl, hybrid gene for positive (nptl) and negative
(codA) selection. RecLBD, translational fusion of recombinase R-LBD; Rk2 and ColE1l,
origins of replication. trfA; replication gene; nptlll, kanamycin resistance gene.

COGA-nptil

\ > Atk EHo'E LS

%% > Ztx}: o1 L§A (R gene stacking)

LS T

Creating blight resistant potatoes from wild varieties and transferring
them into high yielding varieties. After treatment with Phytophthora
infestans, the normal potatoes have blight but the cisgenic potatoes are
healthy.

-GMO o}l
-gene XH| 7} crop specific

Application: Z E X8 7}5; genome MEE 3510 EXM & XIS
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CMSs - DIEZEL|ot0f AF

1. Cytoplasmic Genome Transfer

2o CMS QERE YH|EE HO|
MS Radish Cabbage
_|_
'\ cell fusion t
radiation
(v-Ray) l chemical treatment
@ (I0A, iodoacetamide)

MS Cabbage

IS EI}| 2| Electro-fusion

A: pearl chain shape of protoplasts formed in AC fields; B: heterokaryotic fused
cells; C, D: putative fusion cells in liquid culture medium at 6 days.




Marker analysis and selection

| Initial culture & callus propagation

Calli produced by
asymmetric fusion

Sampling & DNA

Sampling half of
each callus

'

DNA
preparation

NWB-
CMS marker analysis

3.4 05060780 G 10 T2 8885

radish cabbage

Regeneration of the
remaining half of
each callus

| [saemien]

Identification of
putative fusion callus

About 2% of calli screened
contains the band

radish: (NWB-CMS hybrid); cabbage: C564; CC: #42 31
Fused plants (radish + cabbage)
EF 3
(cybrid) Control
" Control EF 3
(cybrid: C) .




MS

Development of New Brassica lines
(Brassica oleracea)

Protoplast fused cabbage
(no pollen)

?

i | Cabbage line |

X Broccoli line MS line
—

development

| Cauliflower line |

| | Kohlrabi line |

2. Nuclear Genome Transfer

MS F1 hybrid2| 83t X|2H50] 22| A|7|=

Electro-

N: heterozygote cell fusion

MS
F, hybrid

IOA

MF line MF line (new)
radiation l®
(v-Ray)

Segregation of
Heterozygous genome

|

New germplasm

34




Process for carrot regeneration from callus after fusion

A: early stage of after-fusion; B: callus induction after-fusion; proliferation
of callus; D, E: shoot induction; F: regeneration

35
DNA marker analysis of cybrid (C,) carrots
Nucleus-specific marker
M 1 2 Fused carrots
200bp
100bp >
M Fused carrots
200bp -
100bp >
CMS-specific marker
M 1 2 Fused carrots
1.5kb <« N
1.0kb <« MS
M Fused carrots
M: Molecular marker; 1: nucleus donor variety (MS); 2: nucleus acceptor line (MF); Fused
carrots: cybrids constructed by protoplast cell fusion. MS: male sterile, N: normal, male fertile;
* Selected samples -




Segregation pattern of fused carrots (C,)

1: (EV, MS) 2: (N) 3: Fused carrots (N)

A: Phenotypic variation of fused C; carrots, B: Pigmentation of carrots; 1: elite variety; 2: N,
normal inbred line; 3: fused carrot. EV: elite variety; MS: male sterile; N: normal, male fertile

37

Difference of root color among carrot cybrids

Nucleus Nucleus Cybrids
donor receptor (Cy

F1Mhs}$|?2id MF(B) New MF lines obtained
Nucleus
transfer

38




Development of fused carrots and selection for new

inbred lines
After fusion | Regeneration of carrot (C) | (2010)
_ 1® }
| carrot line (Cy) | (2011)
l® |
| carrot line (C,) | (2012)
| I® |
Selection | carrot line (C,) | (2013)
1® !
| carrot line (C,) | (2014)
|® }
| carrot line (C;) | (2015)

- |

| F, combination with other lines |

39

(2015.12)

New F; hybrids with uniformed root color and stable purity could be selected.

40
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