CH2| amo & ZZ X[ ¥ (2019. 6. 26)

GM &= 55 7|=1}F eFH48
Breeding GM Crops and Safety Considerations
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Biotic/abiotic

Production
technol.,
Chemicals, IT,
Machines
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Plant Breeding is the genetic improvement of plants for human benefit
(Bernado, Breeding for quantitative traits in plants, 2010)

The wild Domestication The adaptation Exggnsion of corn
ancestor to Europe rop areas
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Evolution in nature o

Directed or targeted and accelerated evolution by humans 4
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Welcome to funRiceGenes!

A comprehensive database of functionally characterized rice genes

3200+ cloned rice genes [Download!] | ¥10% of whole rice genes

400+ gene families [Download!] (2019. 6. 3)

400+ keywords [Download!]

6000+ literatures [Download!]

200+ interaction networks [Download!]
Contact: ywhzau at gmail.com

Help manual [Downloadl]

Gene.ll (GI A)n

CIEN:.E

https://funricegenes.qithub.io/
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=AM S (green revolution)
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IR100,000—aptly named as a product
of the 100,000th cross made at IRRI.

Jpon the

100,000thcross

by Ma. Lizbeth Barona-Edra

With the 100,000th time rice has been crossed by IRRI breeders, a milestone is marked in the
Institute’s breeding history. The event allows for reflection, appreciation, and anticipation of
how breeding saved lives in the past, and will save more in the future.

1962 X[=11H{ IR1T1242 / DGWG

2012. 11 IR100,000
IRRI151 (high yielding) / IRO9M105
(high micronutrient)

7871 =0f 900 72| RRISH EZ EF
Rice Today 12(1) :17-18 (2013)
12

CHRIS QUINTANA
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@ OE F(ES)22FEH 78X &€

O Bt gene (Bacillus thuringiensis): CrylAa, CrylAb, Cry2Al, etc = bind
to the gut of insects larva and kill them

O Roundup ready crops:

- Roundup: functions by inhibiting _> | Shikimate-3-phosphate
activity of the enzyme EPSPS (5-
enolpyruvylshiki-mate-3-phosphate ¢ e EPSPS
synthase: involved in the pathway ?&»
producing phenylalanine, tyrosine, and S,

(€

tryptophan — aromatic a.a.) = leading AROMATE
plants to death &P//

- an alternate form of the EPSPS In the shikimate pathway glyphosate

EPSPS

glyphosphate
binds enzyme

glyphosphate
does not bind

5-eno ruvylshlklmatn
phusp ate

enzyme from bacteria, called CP4- binds the EPSPS enzyme. Plants with the
EPSPS that is not inhibited by fransgene that codes for CP4-EPSPS
glyphosate, the active ingredient in function normally because glyphosate

does not bind the CP4-EPSPS form
Roundup

O Coat protein genes for virus R, . . . etc
19



Purple endosperm rice
Hi S = HapA

Zhu et al (2017) Molecular Plant 10, 918-929,



@ XHH| S Xte| U = - overexpression

Q| 7}-3 X|H A Z 2 S (Monsanto’s Soymega)

Primary Type of
dietary Omega-3

source PUFAS SOymedd

Vegetable oils A15 desaturase
(canola, soypean ——>  ALA(18:3n-3)

and flaxseed); nuts

\

\

A6 desaturase
(slow step)

SOYMEGA™ > spa* (18:4n-3)

i
4 !

*SDA: stearidonic acid

EPA (20:5n-3) 5!%?1_“1 %EL'O."_F_C_)‘_mega—E% AZ ko,
Fish and fish oil, ! ALA) = M SZ2tX|gito 2 M| X| B
terrestrial meats, < R20| 01L L
eggs ]!
DHA (22:6n-3) 2o SEA|LAMOCZ0| 2 2MOl MetS
_ ?I5ll, SDA*S| =&0| B7IoleE 32 HAH

(B3|t ojd st =) 21



Drought
25d

Rewater
4d

Improved tolerance of OsMYB6-0x transgenic rice against drought

and salt stresses
*MYB transcription factors have been demonstrated to play key regulatory roles in plant

growth, development and abiotic stress response
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Front. Plant Sci.
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@ XY FEXL| " =F - silencing

A. Transcriptional Gene Silencing (=Gene knockout)

: insertional mutagenesis, targeted mutagenesis (CRISPR/Cas &)
B. Post-transcriptional Gene Silencing

. Anti-sense RNA, RNAI

FE2X| &= EOLE (long shelf-life)

Herkommliche Tomate Flavr Savr Tomate

7y, PG-Gen 5 PG-Gen
@‘.’ S

——— TS

anti-PG-Gen

ol

anti-mRINA

Ribosom

-
-

Polygalakturonase

PG

(Calgene, 1994)
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Rose colour production s o " —p g
in Florigene’s blue rose 1. RNAi 7|=2 0|85t EH0|e| DRF fHXIE =42l
PANSY _ :
O pene” 2. N H|Z (@ X|, pansy == H| 22}, viola)| F3'5'H S & X} A+H¢
l pansy
__ROSE__ [ |_ ROSE _ RIS /
2 e | | DFRgene DFR gene
L ik B'!"e 3. 3 (00| 2|2, iris)2] DFR A 4
(Katsumoto et al. 2007) Florigene's blue rose

EXtH: 3,0002F H{ 4509 HE)
AR 7|2k '90-'04 (E|E H3 K| 15H)
2010 x| X2 =0 M FoO| o 2k5 0| Eof(US$22 to 35 /per stem)

oo MAAEHE H2t 22 0|H, 20%8 = H+ Al 40009 =2 0 &f

(Suntory Limited Research Center®@} Florigene Pty Ltd. &Y+, '07)
https://en.wikipedia.org/wiki/Blue_rose)
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3. 81X 11’d (Genome editing; GE) 2= 7| &t

Genome editing: a type of genetic engineering in which DNA is inserted, deleted, modified or replaced
in the genome of a living organism. Unlike early genetic engineering techniques that randomly inserts
genetic material into a host genome, genome editing targets the insertions to site specific locations.

Site directed nucleases (SDN)

Specific binding of the SDNs is either protein or RNA-based

Meganucleases (e.g. yeast)

Zinc finger nuclease (DNA binding proteins)

A 254
e -
‘o’b" rA ‘&‘&tﬁ
clggagccacTT™ O ACIT CT GITIGIOAAG
9221_0_92-;2» o\_@ JOTOAGACACCTTC
A \‘K.\:\’,\ VS
SN
F
= :
TALEN (Bacteria) CRISPR/Cas (Bacteria)
saarer 20 NLSAD NG =T iy (_)eé X\
v - R . o° ad * COOH |,
3 e bk U =A —_— Q\ ¢cognmon
<t = GIA
LTPEQVVAIA GGKQALETVQRLLPVLCQAHG =G ITTTTD
Varwtds Dwwnacdeey

NS = NGITIC A.lmenc EBlde RNA


https://en.wikipedia.org/wiki/Genetic_engineering
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Genome
https://en.wikipedia.org/wiki/Genetic_engineering_techniques

GE 7|&; SDN-1, SDN-2, SDN-3 H| .1

DNA-Binding Nuclease domain Plant DNA
domain

o/
Z2N N

SDN-1 SDN-2 SDN-3
TIITIIT  IOOOO0T  [IOOIOT II]III INRRRENETTS T
'R—L \ REPﬂlr |7 |F¢epa|r +
- R.Elrl
NRRRERANRRRNREND || [ — H pai
SDN-1: [T ""IIIIII//IIIIII--..
Delete/change
SDN-2: Change
with template | T {TLy T/ T

SDN-3: Add new genetic material




Genome editing 7|=2| T+ &

A= M Double Strand | Repair template 284 g A7
) B 1
s ER | Break ST 7I%* | Repair template2] 7| & e
x =00 (¥ 2
=2 - - (= =
SDN-1 O NHEJ _ A, X%, 27
@
SDN-2 o HR SDN Mg AlgZol g | @7 & M
Xt pool
@
SDN-3 e NHEJ S£= HR

()
<
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o
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Genetic engineering

v

?? (SDN-1, SDN-2: Yt SAHHO|} S
SDN-3: GMOE &)




Genome Editing 4I=2] GMO O £
TR Woro| 9 £ OjF0| Fe? (RE Al)

Plant Cell Rep
DOI 10.1007/s00299-016-1990-2

@ CrossMark

OPINION PAPER

Regulatory hurdles for genome editing: process- vs. product-based
approaches in different regulatory contexts

Thorben S]Jrinl\' - Dennis Eriksson® - Joachim Schiemann' - Frank Hartung'

BVL' ZKBS” NTWG’ EFSA™? NGOs®  BFN’
SDN-1 Non GMO Non GMO Non GMO Non GMO GMO GMO
SDN-2 Non GMO Non GMO Non GMO Non GMO GMO GMO
SDN-3 GMO GMO GMO GMO" GMO GMO
ODM Non GMO* Non GMO Non GMO Non GMO GMO GMO
RdDM n.d Non GMO Non GMO Non GMO n.d GMO
Interpretation Process/product n.d n.d n.d Process Process

The classification refers to plants generated by using these techniques without stable integration of
recombinant DNA

1. BVL: German Federal Agency for Consumer Protection and Food Safety

2. ZKBS: German Biosafety Commission

3. NTWG: New Technology Working Group (20074 |& A0 3lel= M&
5T 7l=2l GMO 0|55 E7IotA fE ™=27F 2ol 2011 2ot

4. EFSA: European Food Safety Authority

5. BFN: German Federal Agency for Nature Conservation --- German government'’s scientific

authority with responsibility for national and international nature conservation

s FA510]
JlaHote D A)
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Distribution of Traits of Approved GM events

Others
IR+ DR 6%
R 2% \ HT - Herbicide Tolerance;
20 \ IR - Ins.ect Resistgnce;
\ DR - Disease Resistance;
HT3’;/PQ —~— PC -Pollination Control;
’ PQ - Modified Product Quality:
HT: PC —~__ Anti-allergy; Delayed Fruit
6% Softening; Delayed Ripening;
Enhance Vitamin A Content;

A

HT + IR
40% Modified Alpha-Amylase;
Modified Amino acid; Modified
oil/fatty acid; 8) Modified
starch/carbohydrate; Nicotine
Reduction; Non-Browning
Phenotype; Phytase production;
Reduced Acrylamide Potential;
Reduced Black Spot Bruising

(ISAAA, 2017) 31



Distribution of GM crop events per developer type

and development phase.
'‘Main GM developers’ include BASF, Bayer CropScience, Cargill, Dow AgroSciences,
DuPont Pioneer, Monsanto and Syngenta. Data for the advanced R&D stage in 2008

were not included in the former review of the pipeline5.

Public institutions 18
80 r - Other private companies 29
- Main GM developers
70F

Number of GM events

0
2008 2014 2008 2014 2008 2014 2008 2014

Commercial Precommercial Regulatory Advanced R&D :
cultivation stage stage stage Nat Biotech.34(1)
31 (2016)2



22 Years of Biotech Crops in the World

Since the first year of commercial planting of biotech crops in 1996, more than 60 countries
from all over the world have either planted or imported biotech crops.

» The 6 founder biotech
crop countries in 1996 are
USA, China, Argentina,
Canada, Australia, and
Mexico.

* Up to 17 million farmers
planted biotech crops
in 2017, 95% is from
developing countries.

* 24 countries planted
189.8 million hectares
of biotech crops in 2017,
a ~112-fold increase from
1.7 million hectares in
1996,

1
| 189.8

* In 2017, 24 countries

Flanted and 43 494 200 MILLION HECTARES
- r 445 180 |-
imported biotech crops.
395 160 |
346 140 |
296 120 | 100.6
MILLION HECTARES
247 100 |
H Countries planting blotech crops B Countries not planting, but Importing blotec
(USA, Brozil. Argenting, (onade. India, Paraguay, Pokistan, Ching, {Awstrig, Belgium, Croatia, Cyprus, Denmart, Estonia, Finl A 80 | 89.2
Sowth Africe, Bolivia, Uruguay, Australia, Philippines, Myanmar, Hurngary, ireland, taly, lopan, Lotvie, Lithuanio, Lluxembo 48 60 MILLION HECTARES
Sudan, Spain, Mexico, Colombia, Wietnam, Honduras, Chite, Portugol, Netherlonds, New Zealand, Norway, Russian Federation, |
Banglodesh, and Costa Rica) Sowth Korea, Switzeriond, Taiwan, Thailond, Turkey, and [ 99 40
49 20
Countrles that stopped planting, currently Importing

il L L J

blotech crops

(Bulgaria, Burking Foso, Czech Republic. Cubo, Egypt. France, 1996 2001 2007 2013 2017
Eﬁ::;:rﬁlz -'F;dﬁ:f;_:u;:mn. Fanoma. Foland, famania. Siavakio. @ TOTAL e INDUSTRIAL COUNTRIES s DEVELOPING COUNTRIES
, and Ukraine)
B ISAAA, 2017
www.isaaa.or -k
= |5AAA 2017 Global Status of Commercialized Biotech/GM Crops in 2017. 15444 Brief No. 53. I5AAA: Ithaca, NY. g

» |3AAA GMO Approval Database (hitp:/fwww.isaaa.org/gmapprovaldatabese/default.aspl. I5A AN
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Global Area of Biotech Crops,
1996~2017: by Crop

100
90 —~
80 /
. /
60 / e~
N /_, /\/
. /S
N A
NS S~
10 / r— / /J
[ L 1 I
1996 2001 2007 2013 2017
m=m Soybean === Maize === Cotton Canola

200

180

160

140

120

100

Global Adoption Rates (%) for
Principal Biotech Crops, 2017

121.5

188

80% 7% 32% 30%
Cotton Soybean Maize Canola
Conventional Biotech
- 34




Global Area of Biotech Crops, 1996 ~ 2017: by Trait

120

100

| | | | | 1 | 1 | | | | 1 | 1 I
1996 2001 2007 2013 2017

=== Herbicide Tolerance = Stacked Traits
= [sect Resistance (Bt)
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S million

Cost of Bringing a New Product to Market

Agrochemical Plant biotechnology trait
300 300
Total = 5255 m. Total = 5136 m. O Registration & Regulatory

250 - 250 Affairs
[ Registration / B Regulatory Science

200 O Environmental Chemistry 200
B Toxicol O Introgression breeding &

oxicolo ;
Development < & E testing

150 [IField Trials E 150 / O Commercial event
B Chemistry @ production

100 = TgxfEnyr chemigtrv 100 [ Construct uptimisation

28
M Biology
W | ate discovery
50 ] B Chemistry 50 -
Research
B Early Discovery
0 0 -
Agrochemical Crop Biotech trait

Agrochemical costs based on 2009 Crop Life America/ECPA study

Plant biotechnology trait costs based on 2011 Crop Life International study

Phillips McDougall, 2015
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25

20

10

Number of years

Number of Years Required to Discover,
Develop and Register a new Plant Biotech Trait

L 4
¢ . All Crops
‘ o
¢, ¢
S
N
A 4 ¢ A 4
o . *°
2
o o
1980 1985 1990 1995 2000 2005

Year of Project Initiation

Phillips McDougall, 2015

37



Economic Benefit Gains and Productivity at the Farm Level

1996-2015 | 1996-2016 % Diff P015 alone | 2016 alone % Diff
Economic Benefits
Total (Billion, US$) 167.8 186.1 11% 15.4 18.2 18%
a. Reduced Production | 46.9 (28%) | 52.1(28%) 11% 2.3 (15%) 3.1 (17%) 35%
Cost* (billion, US$, %)
b. Yield Gain (billion 120.9 (72%) | 134 (72%) 11% 13.1(85%) | 15.1(83%) 15%
US$, %)
Productivity (Million
Tons)
Total 574.0 657.6 15% 65.8 82.2 25%
a. Soybean 180.3 213.5 18% 21.9 31.6 44%
b. Maize 358.0 404.9 13% 40.3 47.7 18%
c. Cotton lint 25.2 27.5 9% 2.2 2.3 5%
d. Canola 10.6 11.7 10% 1.4 1 -29%

* Less ploughing, fewer pesticide sprays, and less labor
Source: Brookes and Barfoot, 2018, Forthcoming
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The Global Biotech Seed Sales, 1996 to 2017, (USS Billion)

2016 2017 % Diff % of Total
Maize 8.38 8.72 4% 51%
Soybeans 5.53 6.33 14% 37%
Cotton 1.27 1.42 12% 8%
Canola 0.40 0.46 13% 3%
Sugar Beets & Others 0.23 0.25 6% 1%
Total 15.80 17.18 9% 100%

Source: Cropnosis, 2018, Personal Communication

The growing share of the GM

seeds in the global
commercial seed market

Sustainability 2017, 9, 1632

http://dx.doi.org/10.3390/su9091632

10 +

0 -

[seed sales
(bn USD)

0

9
1996 2001 2007 2008 2009 2011 2012 2013 2014 2015 2016

m conventional seed

u GM seed

0 (20 (2] |31 [GM seeds % total]
2] L2
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Bt corn uptake and insecticide use in U.S. corn fields

0.3 N 100 P
& Insecticide use (kg/ha) =
0.25 W Percent hectare Bt corn 3
—_ g =
_'l':ﬂ @
o
o™ 0.2 -
= 60 5
E 0.15 - -
o> f:nr
[P)

= 03
‘o 01 i
-_E —
D 8
2 005 - 0 3
= =
w3
0 0 o
N oW oM~ oM D o osom é o T = T -« A = N = T B X T T g

SRR R KRS8 8 8 888888888 5

— 1 — = A N N N S B N N N

Adapted from Malakof D. and Stokstad E. Pesticide Planet. Science Magazine. 16 August 2013.
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CONTRIBUTION OF BIOTECH CROPS TO FOOD SECURITY, SUSTAINABILITY,

AND CLIMATE CHANGE

INCREASING

CONSERVING BIODIVERSITY
CROP PRODUCTIVITY IN 1996-2016, PRODUCTIVITY GAINED
US$186.1 BILLION THROUGH BIOTECHNOLOGY SAVED
FARM INCOME GAINS IN 1996-2016 183 MILLION HECTARES
Eﬁ%ﬁgﬁggw " OF LAND FROM PLOWING AND CULTIVATION
PROVIDING A BETTER REDUCING CO2 EMISSIONS
ENVIRONMENT ﬁ () W SAVED 27.1 BILLION KGS CO2
LESS PESTICIDE APPLICATIONS EQEIVALENT T0 REMBVINGC
DECREASED ENVIRONMENTAL IMPACT a 1 .7 |V| | |_|_| N ARS
s e R LR T OFF THE ROAD FOR 1 YEAR

HELPING ALLEVIATE POVERTY & HUNGER
BIOTECH CROPS UPLIFTED THE LIVES OF

16-17 MILLION SMALL FARMERS

AND THEIR FAMILIES TOTALING

>65 MILLION PEOPLE T
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https://gmoanswers.com/are-gmos-safe-eat

Are GMOS VES- The National Academies

of Sciences, Engineering, and
Medicine 2016 report reaffirms

studies and :

publications

were

examined L

scientists, researchers and
agricultural and industry experts

=
b 4

reviewed animal studies, allergenicity g
testing, North American and
European health data, and more

No substantiated evidence of a difference in
riskstohumanhealﬁnbetweenmrmt
commerciallyavailable___j,__:.___:___ ly engineere
[GMO] crops and conventionally bred crc

years of data since GMO TheNatwmlAadmwsof
crops were introduced SCIENCES * ENGINEERING * MEDICINE

Full report available at http:/nas-sites.org/ge-crops/ m
) |
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Natural GMO? Sweet Potato Genetically
Modified 8,000 Years Ago

May 5, 2015 - 1S PM ET

MICHAELEEN DOUCLEFF

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®?
2Department of Molecular Biotechnology, Ghent University, 9000 Ghent, Belgium; PInternational Potato Center, Lima 12, Peru; “Beijing Key Labora’

Crop Genetic Improvement/Laboratory of Crop Heterosis and Utilization, Ministry of Education, China Agricultural University, Beijing, China, 1001!
and “Plant Genetic Resources Unit, US Department of Agriculture, Agricultural Research Service, Griffin, GA 30223 45
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,) CENTER FOR The organization r
FOOD SAFETY tied to the organi

. . ization received more than $6 million in donations last year from
Environmental Working Grouf " e °organizat . . ;
& /\gs'everal prominent members of the organic and natural products industries

&ﬂpeace how has a budget in excess of $300million

@G Inside m\ghérs include about two dozen organic, natural product and alternative health groups promoting
@An{gﬁgg advocacy and commercial interest groups seeking cautionary warning labels on foods containing GMOs.
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eive%ore than $3 million in donations annually and is closely
industry.
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Clearfield Rice
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1 1
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application w %
2 Cocodrierice variety

M; self pollinating
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l:> Clearfield®
CL121

imidazolinone herbicide (BASF)

Pollen ah

93.A83510
mutant line

Racurring parent

Clearfield®
CL141

Maybelle rice variety M

Clearfield rice was first commercialized
by Louisiana State University (LSU) in

2002

Louisiana State (2017) 158,261
ha Clearfield rice 61.3%
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6. 2to 2 o| 1}A|

The Guardian

Strongest opponents of GM foods know
the least but think they know the most

Analysis of surveys from US, France and Germany could also have
implications for science communication in other fields

V p o
A Opponents of genetically modified foods stage a protest in Stratford-upon-Avon, England. ;‘(‘\
Tang/Rex Features i\\_\_"‘
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