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— Arecord 15.4 million farmers, in 29 countries,
planted 148 million hectares (365 million acres) in

2010 a sustained increase of 10% or 14 million
hectares (35 million acres) over 2009.

— FERE AR 1 50% ~ 31% ~ 14% ~ 5%

Herbicide tolerant canola in Canada
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White Bt maize, South
Alrica

Roundup Ready® soybean,
Argentina
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© 2002 - Secretariat of the Convention on Biclogical Diversity 0 RGANIZATION '
United Nasons Envircnment Programme \-’/
Cartegena Protocol on World Trade Organization
- PN =D A =
Biosafety(d $#14° = as&i—_%{) (WTO)
Article 1. Objective ...is the only international organization

The objective of this Protocol is to contribute 9€aling with the global rules of trade
ensuring an adequate level of protection in th Petween nations. Its main function is to
field of the safe transfer, handling and use of ensure that trade flows as smoothly,
living modified organisms (LMOs) resulting  predictably and freely as possible.
from modern biotechnology that may have

adverse effects on the conservation and

sustainable use of biological diversity, taking
also into account risks to human health, and 11 September 2003
specifically focusing ofransboundary enter into force!

movements 15
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Strain

Company or
University

Trait

Consent

Baker’s yeast S.
cerevisiae)

Gist Brocades

Fast CO2 production
for dough fermentation

03/1990
UK

Brewer’s yeast S.
cerevisiae)

BRF International

Digest starch and
dextrin

02/1994
UK

Sake yeast
(S. cerevisiae)

Yamaguchi
University

Overproduction of
ethyl caproate

2001
Japan

L actococcus lactis
supsp.lactis

Chr. Hansen A/S

Overproduction of
diacetyl

2002
USA

Wine yeast
(S. cerevisiae MLO0O1)

Fist Venture
Technologies
Corporation

M alolactic
fermentation to
remove malic acid
from wines

01/06/2003
USA

2006
Canada

Wine yeast
(S. cerevisiae
ECMo001)

Fist Venture
Technologies
Corporation

Urea-degradation to
reduce ethyl
carbamate formation

06/30/2006
USA

10/06/2006
Canada
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Starch slurry
40% wt., pH 6.5

* Add Termamyl®
* Inject steam

T~ *Incubateat 105°C, 5-7 min

Maltose

Adjust pH to 4.5
Reduce temperature to 95°C

~_ — Add amyloglucosidase

Glucose
Reduce temperature to 60-70°C
ose ( lllcnqe) 1Isomerase

High fructose syrup

(http://www.biotechnology.uwc.ac.za)
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Global Area of Biotech Crops, 1996 to 2010: "\Z
Industrial and Developing Countries (M Has, M Acres) 5.

M Acres
160

140 —o— Total
== Industrial

=x= Developing

A=A
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010

Source: Clive James, 2010
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Biotech Crop Countries and Mega-Countries*, 2010
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Figure 1.

Global Map of Biotech Crop Countries and Mega-Countries in 2010
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Country

USA

Brazil
Argentina
India
Canada
China

Paraguay
Pakistan
South Africa
Uruguay

Area
(million
hectares)

66.8

25.4
22.9
9.4
8.8
3.5

2.6
2.4
2.2
1.1

%%g’g Major Global Area of Biotech Crops in 2010
S

Biotech Crops

Maize, soybean, cotton, canola,
sugarbeet, alfalfa, papaya, squash

Soybean, maize, cotton

Soybean, maize, cotton

Cotton

Canola, maize, soybean, sugarbeet

Cotton, papaya, poplar, tomato,
sweet pepper

Soybean
Cotton
Maize, soybean, cotton

Soybean, maize

Source: |1 SAAA, 2011.
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Global Area of Biotech Crops, 1996 to 2010: N0/
By Trait (Million Hectares, Million Acres) A

M Acres
100 100

222 === Herbicide Tolerance
198 ={ }= Insect Resistance (Bt)

Herb Tolerance/Insect resistance

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

Source: Clive James, 2010

2010: % $#(61%) ~ #f ¥ (17%) - i® & 31(22%)

33



Global Adoption Rates (%) for Principal 3’\]
Biotech Crops (Million Hectares, Million Acres), 2010 -

M Acres
B}
395

O Conventional

346 B Biotech
296

247

90
148
99 33
P —
0

81%
Soybean

Source: Clive James, 2010

2010: 81%(soybean), 64%(cotton), 29%(maize), 23%(cara)l 34



Rapid growth in adoption of genetically engineered crops continues in the U.S.

Percent of acres
100

HT soybeans

40 4

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

Data for each crop category include varieties with both HT and Bt (stacked) traits.
Sources: 1996-1999 data are from Fermandez-Cornejo and McBride (2002). Data for 2000-10 are
available in the ERS data product, Adoption of Genetically Engineered Crops in the U.S., tables 1-3.
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Glyphosate Herbicide

(& & %)

Roundup ® Monsanto
j_L \J—I'FK AL

Makes up to
5 Gallons,

Coversupto
1,500 sq ft

Kllls The Root

founey

WEED & GRASS KILLER,

Concentrate

Am e Ingrediont
agam isopropylamine sat .......... 18.00%
¢ Ingredierts ............... o 820%

CRTON S -
CAUTION 523 e, —

NET 16 FL OZ (1 PT)
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 Roundup Ready Soybean (RRS), Monsamto?’
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— particle acceleration method
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Rounup® Tolerance Mechanism
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NMoundup Tolerant Gene
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o Roundup ,% 7

1. EPSPS3-v fi*% & 7]
- BfEd W W
(8432 5 )

2. CP4 EPSPS A 7]
%k p R 1% /7 Agrobacterium sp. strain CP4
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Roundup ,# 71

Roundup Ready ® CP4 EPSPS
& 76 e 7~ g

Roundup Ready ® Soybean (RRS)

Wt LR A B
Line 40-3-2 (Monsanto,1995)
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FOR OVER THE TOP APPLICATION
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Roundup Ready soybeant & 2 +% & 535

:: Summary of Regulatory Approvals

Country Environment Food and/or Feed Food Feed Marketing
Argentina 1996 1996 1996

Australia 2000

Brazil 1998 1998 1998

Canada 1995 1996 1995

Czech Republic 2001 2001 2001
European Union 1996
Japan 1996 1996 1996

Korea 2000

Mexico 1998 1998 1998

Russia 1999 1999
South Africa 2001 2001 2001
Switzerland 1996 1996

United Kingdom 1996 1996

United States 1994 1994

Uruguay 1997 1997 1997

(http: //WWW agblos com) 44
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Bt £_# -+ 1 ) (Bacillus thuringiensis)
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Bt # Flecid (74 ¥ 4 HACry & 7]

46



?NCT[{P

fE14%
ﬁ@%w ol

”fCM\:B

%= European corn borer & » 3.} & 2
\J ; Bt corn i'f%-ﬂj

2. OB F AR T E

\Z);})’E' 4, ¥ A= A

47



SR N
siins AR F|iTig 9 R BB

o BT {1 EERUMPHETR SR 5 -
Y ~ i E V] o

BV (R R O R (L
f= o UIFTE A ﬁl R PR 7# :

= pr e PR R
S o

e LA Eil < - FEREARS!E %@/1 4 > i

ﬂédeﬁ“'m o = e PN 3R RS

(R

\

48



mus L Flezid (T4 2 7 7 ARY

® F1- FLPIISIRISAE (U il - fRaie - Poaich)
’55W“ﬁwfwgﬁﬂmﬁfu@ﬂﬁi~fﬂﬁﬁ@%7

& SEEFTEPIE LI BN (S, U
b SRR Y
» R T
>TE{FJ, U%E& F(’JP I
> SR I (i/[@ﬁﬁ 3%%51{ S INCEZC TG
7ok BE S AET R )

> SRS ]

49



NCThp,
SHRTO% .
% 32 H 27_ v 24,12 > 5
Mhs L Fleead (4 2 7 3 AR F (4)
® (PR T LS o) 1 6]
y GErany T R TREt FRA ) VA (I‘Fﬁ
£999)

o S e f 1L NGEBIR R)
© frReEy Y LSRR~ AR TR)

o Wk 5§ ARl (1 TR Aspergillus niger)
@ F[° 5L o 7 T (O i e
» YR ~ & ﬁiﬁffﬁ#[ B

50



ey
SHRIE: . i et st e
= H < \'\El 3 NI = ._A
sMRs I FLPERE TR AR AR

» PR RN — 554 A (14, 1991)

» RLNERS 1 —anti-sense RNA
° ﬁﬂﬁﬂfﬁﬁF PR 1.0 FUPNEGE, [ (i i 1.
%

e anti-sense RNATI [~ mMRNA FA‘ ) SR
RNA, TE g 17 fEE

o SIS L IR, £ S A

51



Nl
0 B
SIS T LR A

VIIEIETERY )

" PR
y dSARFEI— Y 2 gl
o JHI R (rapgseecBrass ca napus) (3, 1995)
» :ﬁ*ﬁ, I T B A IOk
FJ lgiﬁlg‘l&(olelc aC|d 8 NG
5% - 85%  (1999)

_JDW%T @@ﬂlqﬂ%ﬁfﬁ
° i/[l DHA ~ EPA (F L?El)
« Ab desaturas@Mortierella aplina)
[ b (18 : 3)— Tﬂ"i PUATE(20 : 4)
', prostaglandins: leukotriene -
{ thromboxang’ HrJE@f}’J

AE.I .
[_E.l .

|



SNy
aftes TRNEGE TR BV R RS 5T (8)

ol S f,ff*l

() v
ST (S PR, 1) R T
EJEJ IR N, %@ﬂﬂim@%i I/ji"’*‘

IEB FI
F[ F}ulﬁélﬂﬁm%
> Rm = (— 4573 amyloses amylopectin)

= amylosel R%}ﬁ?’ = H

. IE‘% o i {35 AP 1 R,
SR [T &Iﬁ} i ﬁgﬁ%"?“ﬂ T '*A?EHEJ
S SN B N amylopectlrp&f?'{

LN

FIJ

53



THO00835.PPT

(I
lly GENE TECHNOLOGY FOR FOODS

CSIRO

PLANT
INDUSTRY

Oleic Acid
(% Qil content)

High Oleic Soybeans

Non-Transgenic 15%
Transgenic 84%

Vitamin E
(ng/seed)

High Vitamin E Canola Non-Transgenic 4
Transgenic 332

Provitamin A
(ng/g carotenoid)

High Vitamin A Rice

Non-Transgenic 0
Transgenic 1.6

Iron
(ng/grain)

More Available Iron in Rice 5 s

Transgenic 3810

(Wagga, 2000)
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AquAdvantage™ Salmon

Rapid Growth Rate

Non-transgenic
salmon

AquAdvantage
Salmon

Siblings at ca. 12-15 months after first-feeding

(Glenn, 2008) 58



Environmental safety of aguatic GMOs

Escape from production facilities likely 7 _ .

Interbreeding with wild populations
poses genetic and evolutionary risks

Ecological risks
NRC: High level of concern
Ongoing NRC study of bioconfinement -

(http://pewagbiotech.org/events/0131/Hallerman.ppt)




Indoor recirculating facility housed
In a greenhouse In Louisiana
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Industry Regulation of Genetically
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Heart Healthy Pigs
High Omega — 3 Fatty Acid Pork

63
&fenn, 2008)



Healthy Dairy Cattle
Resistant to Mastitis

(Glenn, 2008)
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= Developing BioteckCrops
Yoy

Discovery Group
Identifies a valuable protein (high throughput protein screen, Genomics)

VD]]'/O

N

3-12
months  Molecular Biology Group makes the gene constructs for the protein

4-12

months 1ransformation Group

Inserts the new gene and regenerates to whole plant

1 1-3

years Screening Group

Determines if new plant has the trait of interesta  nd is a quality insertion

Regulatory
and Safety ot
Evaluations years Field Development

Determines if the transformed crop has commercial p erformance

|

Marketing and Sales
* Introduction into commercial varieties
e Commercial product support

———‘ Discovery to sales, 7-10 years, on average )—)

67
Source: Paul S. Teng, 2007 Courtesy: R.Fraley, Monsanto
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iﬂ%”* Costs assoclated with commercialization or
o release of a single “event” (product)

CML*\\

 R&D costs — Variable, depends on country

* Product development — Variable

 Regulatory approvals (biosafety, food/feed
safety — Estimates frotdS$ 700K to US$ 4.2

million per trait/crop variety)

Source: Paul S. Teng, 2007 gg
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compliance (or approval).

AgBioForum, 10(1): 19-32. 2007
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(http://www.agbios.com)

Plant toxins and antinutrients in some common

crop plants

Crop
rape (Brassica napus, B. rapa)

maize (Zea mays)
tomato (Lycopersicon esculentum)

potato (Solanum tuberosum)

soybean (Glycine max)

Toxin/antinutrient
glucosinolates

erucic acid

phytate

phytate
alpha-tomatine
solanine

chaconine

lectins
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Codex Ad Hoc Intergovernmental Task Force on Foods
Derived From Biotechnology

200347 H

Principles for the Risk Analysis of Foods Derived
from Modern Biotechnology (i &4~ 771

Guideline for the Conduct of Food Safety
Assessment of Foods Derived from N _
Recombinant-DNA Plants (#9700 f 4 il i 20 et

Annex on the Assessment of Possible Allergenicity (¥

PEFME T E)

Guideline for the Conduct of Food Safety

Assessment of Foods Produced usin e
Recombinant-DNA Microorganisms (77774755
RLOSCRE O B R E FI )
Annex on the Assessment of Possible Allergenicity
(Proteins) (74 ¥ I SGERUETFL 5 1E)
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e Codex Commission 31st session held & June - 4
July 2008in Geneva, Switzerlandapproved

- the Annex on Food Safety Assessment in Situations of
Low-Level Presenceof Recombinant-DNA Plant Material in
Food (LLP Annex)

- the Annex on Food Safety Assessment of Foods Derived
from Recombinant DNA-Plants Modified for Nutritional or

Health Benefits(¢2 % § % 2= 2 A Flezig o 4 38 %)

- the Guideline for the Conduct of Food Safety Assessment
of Foods Derived from Recombinant-DNA Animals( £ %]z
BE P e &)
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Safety Assessment | Safety Assessment 2
Trait 1 Trait 2
(Insect Protection) (Herbicide Tolerance )

Back Crossing Back Crossing

l l

Selfing Selfing

l |

4

Hybrid | (Insect Protection and Herbicide tolerance )

“Application of the Principles of Substantial Equivalence to the Safety Evaluatlo%g’ Foods or
Food Compositions From Plants Derived by Modern Biotechnology” WHO workshop, 1995




zms  Combined traits are a major

LaneS .
portion of US corn acres
O conventional
0O single
80% B double
O B . | triple+
E 60% | -
S 40% | ]
Sl Il |
S-) 0% ‘ ‘ ‘ ‘

2001 2002 2003 2004 2005 2006 2007

Source: dmrkynetec
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Value of combined trait products:
Reduction in time and cost

 Time for new event development
=> 6-8 yrs
e Time for combined traits development
=> 3-4 yrs
 Regulatory costs for a new event
=> US$ 8-10 million

* Regulatory costs for combined traits
=> US$ ~4.0 million

(Lahman, 2008) 100
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g%l%"” Combined Trait Product — Global Spectrum for
“hons Regulatory Assessment

 Based on approved Extensive
single traits

» Additional partial dataset
« Data if potential

additional data
regardless of

: . interaction
Interactions
Mexico Taiwan
U-_S- —Canada AL/NZ Philippines JaQan Korea ¥ ﬂ

Argentina _

0
(Lahmanl, 5008)
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GM foods currently available on the
iInternational market have passed risk
assessments and are not likely to present
risks for human health.

A BIE T 355 B oIk B s R ob 3 &3l 18l e 5 F
&, R RTRe @ H AR E FRLEE.

Source: WHO, 2002
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BE:  Thank you for your attention!

Fre® 8 33150
Tel: (03) 5223191 # 530
Fax: (03) 5224171
E-mall: lcc@firdi.org.tw

http: www.firdi.org.tw




