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Starch slurry

40% wt., pH 6.5

v

* Add|Termamyl®
* Inject steam
* Incubate at 105°C, 5-7 min

Maltose

v

Adjust pH to 4.5
Reduce temperature to 95°C
Add|amyloglucosidase

Glucose

v

Reduce temperature to 60-70°C
Add|xylose (glucose) isomerase

High fructose syrup

(http://www.biotechnology.uwc.ac.za)



Strain Company or Trait Consent
University
Baker’s yeast (S. Gist Brocades Fast CO2 production 03/1990
cerevisiae) for dough fermentation UK
Brewer’s yeast (S. BRF International Digest starch and 02/1994
cerevisiae) dextrin UK
Sake yeast Yamaguchi Overproduction of 2001
(S. cerevisiae) University ethyl caproate Japan
Lactococcus lactis Chr. Hansen A/S Overproduction of 2002
supsp. lactis diacetyl USA
Wine yeast Fist Venture Malolactic 01/06/2003
(S. cerevisiae MLO01) Technologies fermentation to USA
Corporation remove malic acid
from wines 2006
Canada
Wine yeast Fist Venture Urea-degradation to 06/30/2006
(S. cerevisiae Technologies reduce ethyl USA
ECMo01) Corporation carbamate formation
10/06/2006
Canada
Wine yeast Phyterra Yeast, Inc. Reduce H,S in 08/09/2010
(S. cerevisiae P1Y0) fermented foods and USA

beverages
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Global Area of Biotech Crops, 1996 to 2013:
By Crop (Million Hectares, Million Acres)
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Source: Clive James, 2013
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Source: Clive James, 2013




Adoption of GE crop varieties in the
United States, 1996-2013

100
D 93
8 8ol 62
© 76
©
@
=
E 60
% 2013
w— 40 O====() HT soybeans o
; M st Soybean 93%
8 Ae===gh. Bt cotton Corn 90%
o 20
a @==@ Btoom Cotton 90%
= . B HT corn
oW | | | | | | | 1

1996 1998 2000 2002 2004 2006 2008 2010 2012

Figure 1. Adoption of GE crop varieties in the United States, 1996-2013
(HT = herbicide-tolerant; Bt = Bacillus thuringiensis). Data for each crop
category include varieties with both HT and Bt (stacked) traits. Sources:
USDA-Economic Research Service using data from Fernandez-Cornejo
and McBride (2002) for the years 1996-1999; USDA-National Agricultural
Statistics Service, June Agricultural Survey for the years 2000-2013.
(Figure adapted from USDA-ERS [2013al.)

(CAST issue paper 54, 2014) 12
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=== Herbicide Tolerance
= = Insect Resistance (Bt)

Herbicide Tolerance/
Insect resistance

1296 1997 1998 1929 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 20102011 20122012

Source: Clive James, 2013
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http://luxurygene.blogspot.tw/2009/12/golden-rice.html
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10
‘Il[hi GENE TECHNOLOGY FOR FOODS

CSIRO
T

PLAN
INDUSTRY
Oleic Acid
(% Oil 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 TZrmrersrr—"""=

Transgenic 3810

(Wagga, 2000)s



http://library.thinkquest.org/06aug/01611/advantages-agriculture.html
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Chinook H;II_HM@ l"",; Ocean Pour

= ¥ W2 AgquaBounty (
Technologies = & :

(Atlantic salmon) __
(Pacific chinook)
22 EFEFAT

= #& 4. (ocean pout)
ﬁ }ﬂ; }é —i é/{ﬁé _‘_3_ AquAdvantage® Salmon (imagined, not to scalke)

https://www.wenchwisdom.blogspot2 om
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s 13JxFDA*+2009& 1% = # ehGuidance for
Industry : Regulation of Genetically Engineered
Animals Containing Heritable Recombinant DNA
Constructs

s AT FRT N ERHENGE 2
A &2 (FFDCA)Z & 1 T8 L fe » 2 R~ &
P #7& ¢ H(New Animal Drug Application,
NADA) » T %4717 o

(3% &, 2010)
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19964117 % FDAY 3+ 3

201092 3p FDA##H £ I53® L s AFcd o i b 2 8 »
A PREX AR

201097 19~20p A 5|2 R34 R € RE A TFscigtd b & ik
R S SR B

201167 15p % R B RFaA ke FDAF B fechb g + 3
FDA*2012& 129 22 p % # 44 & Fleod a4

TR TSR §HERNGREST AL
o R R Rk

2013279 13P A= % 2 R3T » 49 26p 2 & » FDAY & 2%
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Mandatory Labeling of Genetically

i Engineered Fish

= Alaska passed law in 2005
= Require labeling of GE fish sold in the state

= The bill requires Alaska retailers to
iIdentify and label foods containing fish
and shellfish, or fish and shellfish products,
which have been genetically modified.

(http://www.organicconsumers.org/ge/alaskabill051105.cfm)
24
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= In November 2013, the Minister of the Environment announced her
decision to allow confined production of the GM fish eggs and fish in
Canada, but approval by Health Canada for safe human consumption
IS requwed before the GM salmon can be sold as food. The U.S. Food
and Drug Administration is also currently assessing the safety of the
GM salmon.
(http://www.naturalblaze.com/2014/03/gm-salmon-company-seeks-approval-

for.html)
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ELFﬁ.)gF'{ﬁ o AR AE S E vy (Codex) ki i

llf!ﬁ lfr;['ﬂtlf:;lﬂp!jh Af: f,-c. "'? l]" fL.{n: i'Inlu |I~':"T-‘1"‘-‘§’J l'.“iffj‘-”ﬁl
Codex Ad Hoc Intergovernmental Task Force on Foods
Derived From Biotechnology
2003417

1. Principles for the Risk Analysis of Foods Derived
from Modern Biotechnology (il 7 -+ )

2. Guideline for the Conduct of Food Safety
Assessment of Foods Derived from

Recombinant-DNA Plants (/%7 L0 fe i il i RAh et
3 Annfx on tr)le Assessment of Possible Allergeniclty (FGEEL
1 1 /71

4. Guideline for the Conduct of Food Safety
Assessment of Foods Produced using
Recomblnant_—DNA Microorganisms (77 /(4750

5 78 A £F] 4 LS O s A wE AL)
”frif'._ 1_'[[ I'If Hi
5. Annex on the Assessment of Psssible Allergenicity
(Proteins) (7447 AR FRE i) 13
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Codex Commission 31st session held on 30 June - 4
July 2008 in Geneva, Switzerland approved

- the Annex on Food Safety Assessment in Situations of
Low-Level Presence of 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 (;.c % F % £ A Fitg 4 § &)

- the Guideline for the Conduct of Food Safety Assessment
of Foods Derived from Recombinant-DNA Animals (& %]k

BHP :—1‘_—%)
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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
enucic acid

phytate
phytate
alpha-tomatine
solanine
chaconine
lectins

46
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BRYHOATFETMA

Traditional plant breeding

Tradiional domor Commerclal vartety HNew varlety
Tnay gene: e varewmed)

DNAIz a1 vand ofge nes,
muchilke 3z had of
peariz. Tiadl lorol plant \M Mb M
breeding canbine : m any
gene: alone.
Dezhed Gene Crosies Deslred gere

EdH o ER Héﬂpgﬂwi
Plant biotechnology

Ceslredgens Commercial varety HNew varley
ey dt!lltd gere 12 hare ®ired)

Usirg planiblokchnclogy ,
a drgle gene may be M Q
aided o e shaml.
(e e
7}?& '}i-si ¥ \&%5}7" ﬁé De :Iml gere

Adapted from: Council for Biotechnology Information
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Current approvals of genetically
i modified foods In Talwan (asof 15 sep, 2014)

= Single trait — 32 events (13 soybeans, 19 corns)

= Stacked trait — 39 events (2 soybeans, 37 corns)

= Discontinued products or expiry of approval — 9
events (1 soybeans, 8 corns)

(http://www.fda.gov.tw/TC/siteContent.aspx?sid=2197)
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= Compositional analyses as screening
method for unintended effects of the
genetic modification has Its
limitations.

= In particular regarding unknown
anti-nutrients and natural toxins

68



i Definitions

= Intended effect
= Target trait of genetic modification

» Unintended effect

= Other trait(s) acquired as a result of genetic
modification

= Statistically significant difference(s) between
GM plant and parent (grown under the
same conditions)

(www.entransfood.com/meetings/wgg)



Table 6-1~Unintended effects in traditional breeding (modified from Cellini and others 2004)

Host plant/trait Unintended effect Reference
Barley/Powdery mildew resistance Low yield Thomas and others (1998)
Celery/Pest resistance High furanocoumarins content Beier (1990)
Maize/High lysine content Low yield Merz (1992)

- Potato/Pest resistance Low yield, high glycoalkaloid content Harvey and others (1985)
Squash, Zucchini/Pest resistance High cucurbitacin content Coulston and Kolbye (1990)

Table 6-2=Unintended effects in genetic engineering breeding (from Cellini and others 2004)

Host plant  Trait Unintended effect Reference

Canola Overexpression of phytoene-synthase Multiple metabolic changes (tocopherol, Shewmaker and others (1999)
chlorophyll, fatty acids, phytoene)

Potato  Expression of yeast invertase Reduced glycoalkaloid content (<37 to 48%) Engel and others (1998)

Potato  Expression of soybean glycinin Increased glycoalkaloid content (+16 to 88%) Hashimoto and others (1999a,b)

Potato  Expression of bactenial levansucrase Adverse tuber tissue perturbations Turk and Smeekens (1999)
Impaired carbohydrate transport in the phloem Dueck and others (1998)

Rice  Expression of soybean glycinin Increased vitamin B, content (+50%) Momma and others (1999)

Rice  Expression of provitamin A biosynthetic pathway Formation of unexpected carotenoid Ye and others (2000)
dervatives (B-carotene, lutein, zeaxanthin)

Wheat  Expression of glucose oxidase Phytotoxicity Murray and others (1999)

Wheat  Expression of phosphatidyl serine synthase  Necrotic lesions Delhaize and others (1999)

COMPREHENSIVE REVIEWS IN FOOD SCIENCE AND FOOD SAFETY—Vol. 3, 2004
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Reasons for unintended effects

e random integration of transgenes

e insertional mutagenesis

e disruption of endogenous gene functions

- gene activation / inactivation
- production of new proteins

= changes in e+« enzymes
« metabolites

» phenotype

(www.entransfood.com/meetings/w%)
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Safety assessment of transgenic food

Unlntended Effects

/N

Specific analysis Profiling techniques
— targeted approach = non-targeted approach

(www.entransfood.com/meetings/wg?
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Targeted analysis:
detection of unintended effects

trait

unintended effect reference

potatoes expressing yeast
Invertase

potatoes expressing
soybean glycinin

rice_e;-:pressing soybean
glyanin

canola overexpressing
phytoene-synthase

rice expressing provitamin
A biosynthetic pathway

reduced glycoalkaloid content Engel et al.,
(- 37-48 %) 1998

increased glycoalkaloid content Hashimoto et
(+ 16-88 %) al., 1999

increased Vit., B6-content (+ 50 %) Momma et al.,
1999

multiple metabolic changes (tocopherol, Shewmaker et
chlorophyll, fatty acids, phytoene) al., 1999

formation of unexpected carotenoid Ye et al., 2000
derivatives (¢ -carotene, lutein, zeaxanthin)

(www.entransfood.com/meetings/wg2)



Profiling techniques

ecdata overki

e holistic
approach ebaseline

l

unintended
effect
7z .

metabolites

(www.entransfood.com/meetings/wg27)4



Profiling techniques

Requirements for use as safety assessment tools:

e standardization of
- sampling
- sample preparation
- extraction procedures

e validation of measurements

o/databases on natural variations

e efficient data acquisition

e bioinformatic systems

(www.entransfood.com/meetings/wgg)
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