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i GMO and GMF

¢ GMO: Genetically Modified Organism
(AFxd 2 §)

¢ GMF: Genetically Modified Food
(45153 & %)
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-#& 4 % & (Bacillus thuringiensis-Bt % 51))
-Cry 39 F
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B Flecid § B-Pudl T ¢ BT toxin

o B4 1% 7 (Bacillus thuringiensis, BI)
- FIEEARLRELSE F9 CRYEY 7, x
# % BT toxin
- - R AR R
- BAR (LFRFE, REF)
- FBEE - BRFRRART
- R ARET L E 2P
o #-ghd FY CRYA Flig e » 4
- R Fp g2 A h4 50 RV -4 (BT

toxin)
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inserts into the membrane and causes leakage of
ions and small molecules.

http://www.healthworks.my/gmos/
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+= —efe
o JJE =
Bt protein - .:9 | - &g
(natural pesticide) i
-
produced by a “ e g P o
bacterium < o 3
Extract DNA %‘;“ *(% Recounkidine :
Identify the gene the gene :
Modified plant e ¥
can produce the
Bt protein Transformation

é ; g J &Y B o
W L % &0
TLLT LR, ) g“g Centre for food Safety

https://www.slideshare.net/Adrienna/premarket-safety-assessment-of-gm-food-2013
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List of transgenic cotton (Bt cotton)

Trade name

Bt protein

crop

Company

Insect pests

Bollgard

CryviAc

Cotton

Monsanto

Tobacco

budworm, cotton
bollworm, pink
bollworm

Bollgard Il

Cry1Ac+Cry2Ab

Cotton

Monsanto

Tobacco
budworm, cotton
bollworm, pink

bollworm

Wid estrike
‘:q\- .

Cry1Ac+CryiFa

cotton

Dow

Tobacco
budworm, cotton
bollworm, pink
bollworm

-

https://www.slideshare.net/ditipriyahazra/bt-cotton-33450404




Bt cotton 1n India

India is the largest cotton producer and
consumer country after China.
«In 2002 Bt cotton was introduced in India.

India has the largest hectarage of cotton and
accounts for approximately one third of the total
cotton are planted in the world.

*For 11t year Bt cotton was planted in India in
10.8 mil hectares .22HE

*Decline in insecticide use was from US$160
million in 2004 to US$25 million in 2010 —
an 85% decrease

*Cotton yield increased from 308kg/ha in

—-2Q01-02 to 50(“a in 2011-12. -

https://www.slideshare.net/ditipriyahazra/bt-cotton-33450404
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@£ % + 8 (Monsanto,1995)
- Roundup Ready® Soybean (RRS)

i o # ek s e

LA% % XA (Roundup® & & 4 )i
LR %N EH/ M GTRE 2 LiTEH

DIRETh L 1R L RIRAR L 2

Fr4|> 4 %IRi s & = ¥ % EPSPS
(5-enolpyruvate shikimate-3-phosphate synthase)




w8 % % & (Monsanto,1995)

- Roundup Ready® Soybean (RRS)
i - LB Bl i it

A LA ﬁ%z&%Epsps
% = Y /\5{555’\%@%
BITR B i#JCP4 EPSPS

wt LA ,\j,/{’

2. B =
B E CP4 EPSPS (@?)




1. EPSPSE: % £ 7
> - i d o~ ] W (R )

2. CP4 EPSPS4 7]
> %@ B#F Agrobacterium sp. strain CP4
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Trends in glyphosate herbicide use in the United States and
globally

Charles M. Benbrook &

Environmental Sciences Europe Bridging Science and Regulation at the Regional and Eurcpean Level 2016 28:3
DOI: 10.1186/s12302-016-0070-0 | © Benbrook. 2016

Received: 11 October 2015 = Accepted: 11 January 2016 = Published: 2 February 2016

Table 1
Glyphosate active ingredient use in the United States: 1974-2014

1974 1982 1990 1985 2000 2005 2010 2012 2014
Glyphosate Use (1000 kg) 630 3538 4761 18,144 44673 81,306 118,298 118,753 125,384

Agricultural 363 2268 3357 12474 35,720 71,441 106,963 107,192 113,356
Non-agricultural 272 1270 2404 2670 8958 10,063 11,335 11,962 12,029

Glyphosate use (1000 Ib) 1400 7800 12,700 40,000 98,500 179690 260,804 261807 276,425

Agricultural 800 5000 7400 27,500 78,750 157,500 235,814 236,318 249,906
Non-agricultural 600 2800 5300 12,500 19,750 22190 24,989 25,489 26,519
Share agricultural (%) ar1 bB41 3583 68.8 79.9 87.7 90.4 90.3 90.4

Share non-agricultural (%) 429 353 47 31.3 20.1 12.3 9.6 9.7 9.6
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Global Area of Biotech Crops, 1996 to 2011: @

By Crop (Million Hectares, Million Acres) b vt
M Acres
198 80
173 70 —O—SGFUEEH(« 2 75 —ﬁ g‘,‘\\@)
148 60 ~ F=Maize (F3} 50 'ﬁ,ﬁ';}*ﬁ‘)
Cotton (*ﬁ ?: 20 —[;:l. @h’é\\"ﬁ) A
124 30 === Canola (% O .ﬁg‘"}"
99 40
74 30
49 20 / -
/ [ ]
*1 - .
0 0 J‘E—‘r'é! ){-—-')(

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Source: Clive James, 2012




Global area of bictech crops by trait, 1996-2012 (Million Hectares, Million Acres; Adapted with permission from ISAAA; James 2012)

M Acres
297 120

47 100 -()- Herbicide Tolerance
-'D- Insect Resistance (Bt)

198 Herbicide Tolerance/
Insect resistance

148 60

% 40
20

R
1996 1997 1998 1989 2000 2001 2002 2003 2004 2005 2006 2007 20082008 2010 2011 2012




GIVI, GLOBALLY

181.5 MILLION HECTARES UNDER GM CROPS, 90%
INS5 COUNTRIES

-~ CHINA
- 3.9

"CAﬁADA i
o ]

INDIA
11.6

BﬁAZlL ARGENTINA
2 222 El2a3

= US
18731

18 YRS, O\IER 100 TIMES GROWTH
wus | 1.7

204

Allfigures of aop area in million hectares.

- — - § S rieo f . ~
ource. internanonal Service for the Acguisition of

-
- » < wer Vm od - -~ ’ - - ~
PSAAAL G New York-Dased cropbiotech advocacy group




GENETICALLY MODIFIED CROPS ON THE WANE

After nearly two decades of continual increase globally,
the area planted with GM crops fell by 19; in 2015.

B United States = Argentina Brazil India M Canada I Other

Area planted with GM crops
(millions of hectares)

2000 2005 2010 2015
enamre



£— 2014 £12 A £ 2015 F5 ARE# U ¥

Rk RtbdEia

_ _ RerAadr FRAUKT
: 3 -
M H O SR AT REAREL B fa o B ety

12H 233,331 4,608 23 528
1H 298,982 4,739 39 286
2H 177,105 3,146 0 954
3H 226,826 6,277 0 214
4H 182,351 7,065 0 429
S5H 162,768 5,566 20 1,246

&t 1,281,363 31,402 82 3,657

(#0354 & 88 T4 & https://portal.sw.nat.gov.tw/APGA/GA03)




5= 2014512 52015 45 F R ko g

FHAR £ 3% ARAR £ AR
o BHAE e Awdh ARG AN E 2 HAHE 2 AK
B k 2k #HER O EEH K% KARHE@ RERE
() il m 3
12H| 196,053 20,749 409 16 265 0 172
1H| 520,647 18,149 1,528 0 172 0 73
2H| 224501 26,562 571 11 156 6 64
35| 278,097 71,852 1,094 0 286 0 218
4H| 291,429 37,708 518 34 424 0 121
SH| 243,055 23611 1,486 9 177 9 121
4t |1,753,782 198631 5,606 70 1,481 15 768

(#1452 g5 FHE https://portal.sw.nat.gov.tw/APGA/GA03)
(BIHEE2%REBEE S6% LA B LRAEEAERETH BRALLLE 4
B, % 4 72%)
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i FR g8 5 Arctic apple

- EHEOUER T AgEEET

- fEH B

/N

Exmr(gene silencing) | 94y

AR EE SR G LA M R L
(polyphenol oxidase, PPO)JEE I

CONVENTIONAL
APPLE

PPO ENZYME ARCTIC APPLE
REDUCED
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Golden Delicious »

5853
(Canadian Foud [nspection f’ i
K Agency, CFIA) (’()l%'(;l 50

1. Arctic™ “Golden Delicious ho e A A 4 20 (Health o 2,
Apple / GD743 Canada ) (2015/03/20)

. 8 A8 40 437 A e .

jcT™ £ 58353
2. Arctic GS‘;‘;;‘“Y Staith (Animal and Plant Health 0 "~
Apple/ £ @ Inspection Service) O

~ = ,,A-

Granny Smith i:'ﬁ;‘md mZi EDIE R B 5h & 48
N (U.S. Food and Drug (2015/03/20)

Administration)




- J. R. Simplot Company
- Innate potato

TR R o a

AMREERE % — AL 2 W H - Rih T o8 R 88 9105 B Rk IR 88 - R P9 A B (Asparginine)
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http://nehrc.nhri.org.tw/toxic/ref/ 7 (& iz
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> HERGHHR@BELE: aEFME - RRFME - A AFHRBEN - FEF R AR FE T o

> HARREDE
£2010% > BHERBRAKPERTLEARTHR LT WE B S EEE B €(UECFA)ZA A
BT ARRES—ARE  RRAEFRETRNOAR  #HRELELE -
B R A % F oS (IARC) 4% A M i i 7] B2ABCE M E (TR ABRBURME) » 2ABRME &
RAAMOBIARL T FATREEE > w ERLHE HHTRER -
REBRANEZEZAWMNAL > AAREHEAZFEEEALOREHBARHERHE AR LA SRR
BRRWN AR IR E X Moy B BE— SR MM EEF R -
THRERE £ 556902 mg/m® AGERFIREZRRET  —REZENF > — EHEE
, ARCBRARIAGMEERAEWES - WA RA0ERE - FRAATFWRAFRE K
MEEE RPERE > T3S AE & % (He, Zhang et al. 1989) o

http://nehrc.nhri.org.tw/toxic/ref/ 73 izl iz
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- J. R. Simplot Company
- Innate potato

Conventional

https://www.geneticliteracyproject.org/2015/05/27/scientist-and-mom-evaluates-
simplots-gmo-innate-potato/
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BUSINESS ] m POLITICS FEATURES FEN TV

McDonald's says it has no plans
to buy J.R. Simplot's newly
approved GMO potato

| Industries |.Cl.sso+:nt d Press

BOISE, Idaho - BOISE, Idaho — The U.S. Department of Agriculture has approved ldaho-based J.R.
Simplot Co.'s new genetically modified potato. But one of the company's oldest business partners —
McDonald's — hasn't.
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https://morebrainpoints.blogspot.tw/2013/10/aquadvantage-salmon.html
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United States Department of Agriculture
BRI BREL 2R
“ >3 4 £ (Safe to Grow)”

Food and Drug Administration
CRARIE T S I -
“rz 7% > (Safe to Eat)”

Environmental Protection Agency
wEPA EEHRR - SR HELT 2
gggﬁgg%zgr?tsal Protection ? ;& E; % % EW
“$% B % > (Safe for the Environment)”
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o fE 7 AL FIINL K L pwdeF B2 (polymerase chain
reaction, PCR) & ¥7, = £ PCR

oA AIRIY T i Bai i

(Enzyme-linked immunosorbent assay, ELISA)
BaiRIv F—PiE L& REFFRE (Immunostrip)

Wi RFY F—7F 3 LBA 192 (Western blot
analysis) 4 7
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ISAAA in Brief | ISAAA Programs | Knowledge Center | Biotech Information Resources

. . ommunication Products
Now Available! Global Status of Commercialized
. : Voices and Views: Messages to the

Biotech/GM Crops: 2015 ek ? -a!
The video summarizes the messages of biotech
experts and stakeholders to the public. It
addresses concerns on the safety of biotech
crops and highlights the importance of public
understanding of bictechnology, as well as the
benefits that the public can get from biotech
Get your crop adoption.

IBAAA Briefs

= . - - copy now! #BiotechisCool Board Game ?’“—73

o Pt Croge i Slokrck Cop IgAROARS b 3008 This is ISAAA's first printable board *
game on biotechnology which highlights r—%

the fun facts on crop biotechnology

such as the wonder bacterium and gene gun

used for modifying crops and what farmers say

WATCH: 20 Years Global Commercialization Sbolt planting blofech crops.

of Biotech Crops and 2015 Highlights sl I

of ISAAA to bring the benefits of
biotechnology to the world, especially in the
developing nations.

~

Voices and Views: Potential
Benefits from Adopting GM Crops -
This video presents t_h_e vigwpoiq.t_s_‘. of biotech




ISAAA

ISAAA in Brief | ISAAA Programs | Knowledge Center | Biotech Information Resources | GM Approval Database | I1SAAA Blog

 ISAAA ; GM Approval Database

APPLICATIONS

GM Plants

Alfalfa

Apple

Argentine Canola

Bean

Carnation

Chicory

Cotton

Creeping Bentgrass

Eggplant

Eucalyptus

Flax

Maize

Melon

Papaya

Petunia

Plum

Polish canola

Poplar

Potato

Rice

Rose

R

GM Approval Database

ISaan presents an easy to use database of Biotech/GM crop approvals for various bictechnology
stakeholders, It features the Biotech/GM crop events and traits that have been approved for
commercialization and planting and/or for import for food and feed use with a short description of the crop
and the trait. Entries in the database were sourced principally from Biotechnology Clearing House of
approving countries and from country regulatory websites, We invite corrections, additions/deletions, and
suggestions for the improvement of the database. Contact us at gmapproval@isaaa.org or fill out our
feedback form.

Latest Update:

March 13, 2017 South Korea approved the soybean event MONS7751 x MONS7701x MONE7708
¥ MONS9788 (HT +IR) for fond use,

See more updates

Jump to an Event: =208 v |
Advanced Search (Beta)

Crop | Maize (Zea mays L) v |
Commercial Trait

Developer Any ¥
Country
Type of Approval

2l



INTERNATIONAL SERVICE
FOR THE ACQUISITION
OF AGRI-BIOTECH
APPLICATIONS

Join our

LJ neéw Crop Biotech Update

ISAAA in Brief Knowledge Center | Biotech Information Resources | GM Approval Database | ISAAA Blog -

i ISAAA r GM Approval Database ; GM Crop Events Listy 3272 x Bt11 x MIRG604 x TC1507 x 5307 x GAZ21

See all events of crop:

Event Name: 3272 x Btl11l x MIR604 x TC1507 x 5307 x GA21

Maize (Fea mays L.) |

Event Code : SYN-E3272-5 x SYN-BT@11-1 x SYN-IR6@4-5 x DAS-915@7-1 x SYN-@5307-1 x
MON-90021-9

See all events developed by: Trade Name: not applicable

Syngenta Crop: Zea mavs L. - Maize, Corn

See all events with trait Authorizati
introduction method: uthorizations

Conventional breeding - cross Summary of Regulatory Approvals: Country, Year and Type of Approval
hybridization and selection
involving transgenic donor(s) Food Feed Cultivation
Counfry direct use or direct use or domestic or non-
See all events with processing processing domestic use
commercial trait: Japan 2016 2016 2016 *
Herbicide Tolerance e 2014
, Taiwan 2015
Insect Resistance
Modified Product Quality * point mouse arrow over year for notes

Last updated: February 15, 2017

See all events with GM trait:



Gene Introduced |Gene Source —|Product —|runction

amy7F97E

ecry2.1Ab

mcry A

crylFa2?

cry1Ab

mepsps

synthetic gene derived
from Thermococcales

spp.

Escherichia coli

synthetic form of Cry3A
gene and Crylab gene
from Bacilfus
thuringiensis

synthetic form of cry3 A
gene from Bacillus
thuringiensis subsp.
tenebrionis

synthetic form of crylF
gene derived from
Bacillus thuringiensis
var., aizawai

Bacillus thuringiensis
subsp. kurstaki

Streptomyces
viridochromogenes

Seg mays

thermostable alpha-
amylase enzyme

Phosphomannose
Isomerase (PMI)
enzyme

chimeric {Cry34-
Cry1Ab) delta endotoxin
protein

modified Cry3 4 delta-
endotoxin

modified Cry1F protein

Crylab delta-endotoxin

phosphinothricin M-
acetyltransferase (PAT)
enzyme

modified 5-
enolpyruvylshikimate-3-
phosphate synthase
(EPSPS) enzyme

enhances bicethanol
production by increasing
the thermostability of
amvylase used in
degrading starch

metabolizes mannose
and allows positive
selection for recovery of
transformed plants

confers resistance to
coleopteran and
lepidopteran insects by
selectively damaging
their midgut lining

confers resistance to
coleopteran insects
particularly corn
roctworm pests by
selectively damaging
their midgut lining

confers resistance to
lepidopteran insects by
selectively damaging
their midgut lining

confers resistance to
lepidopteran insects by
selectively damaging
their midgut lining

eliminates herbicidal
activity of glufosinate
(phosphinothricin)
herbicides by acetylation

confers tolerance to
glyphosate herbicides




The average investment in R&D equates to~$130 million
and 13 years of research i

The regulatory process alone may take 5-7 years.

90 international government bodies review GMOs, which
have been grown or imported by 70 countries since 1996.

150+ different studies have demonstrated GMOs are
safe to grow, safe to eat and safe for the environment.

Source: “The cost and time involved in the discovery, development and authovization of o rew p

biotechnology derfvwed trait,” F
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g A 866.6 ma/kg/day (MBI AT E 60 NF3tHE)
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90 ARG MOBRESRRBRTHSEEAAMNZ 30% RE KREDE
BEAXRBELYH A 200 ¢ Bk NOAEL A
— 60.000) * #| B MOS

HiE#E848 40 g
60.000 mg/kg body weight (40 x 30% + 0.2 > 1000

1% A& (MOS= NOAEL/Exposure dose) * T4 2]k Zwa A 2 MOS It
2 69.2 (60.000-866.6=69.2) ©

N Ea.: 60000 mg/kg/day A.: 866 mg/kg/day
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NOAEL : no observable adverse effect level (in the most sensitive
tested animal) (FEENRA R KBNS SHE)

Acceptable daily intake

- EpREET AR NG KD PR P (ARG S FAT E A

RERSHRTE) 73 g7 BLINDEER G- BE P& 2\

PiEiE o BT L AR ADIHE =%  FR/F o7 T (mg/ke)

- ADI = NOAEL/safety factor
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