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Septicemia
Dead larvae

Bt Cotton

| Bt corn

Membrane

Toxin hsetto
oligomer  GPIl-anchored i n

protem
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Pores lead to
osmotic cell lysis Cell death

Binding to
receptor

Insect midgut cells

Jurat-Fuentes Laboratory
(http://web.utk.edu/~jurat/) cell death pathway
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Agrobacterium
tumefaciens
strain CP4

+CP4 EPSPS
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f @Q P Shikimate pathway
.y = o SO Phosphoenolpyruvate (PEP) + Erythrose 4-phosphate (E4P)
Sh I kl ma.te HO DAHP synthase
3-Deoxy-D-arabino-heptulosonate 7-phosphate (DAHP)
3-Dehydroquinate
3-Dehydroshikimate
Shikimate
- Shikimate 3-phosphate (PEP)
%Eﬁii{% Shyphasne > EPSP synthage
O O S-enolpyruvylshikimate 3-phosphate (EPSP)
I H
P N
HO™ / ol OH Chorismate
HO \/
Tryptophane Phenylalanine Tyrosine

v

Phytoalaxin, lignin, indoleacetic acid (IAA), etc.

oo 5

Related plant and microbe responses: survival, growth, defense and secondary metabolite composition

Helander et a/, 2012

THRENDS in Plart Scince
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1. Glyphosate inhibits tha 5-anolpyruvylshikimata-3-phosphate synthase (EPSPS} In the shikimate acid pathway, theraby interfaring in tha productior
har molacules that raquire tryptophan, phanylalaning or tyrosine as precursons, Somae of the blocked molecules act as growth promoters (e.q., Indoleaca
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acetyl CoA 2-ketobutyrate

pyruvate/v l l

PLASTID malonyl CoA Propionyl CoA

Malony! group transferred to acyl
carrier protein (ACP)
—— malonyl ACP ————

Addition of 2 carbons at a time
to a growing chain of ACP Odd chain: eg
intermediates heptadecanoic (17:0)
and heptadecenoic
Even chain: eg palmitic (17:1) esterified to ACP.
(16:0), stearic (18:0) and
oleic (18:1) acids
esterified to ACP

CYTOPLASM

Release of fatty acids from ACP by thioesterases

Fatty acid acyl CoAs (acyl CoA pool)

-

¥ v
18:1 phosphotidylcholine

(oleic) L FAD2 Y
18:2 phdsphotidylcholine Triacylglycerols

ENDOPLASMIC B oy .
(Iinoleic)‘ls FAD3 o (TAGs) GM soybean ‘
18:3 phdsphotidyicholine  }~~ soybean
(linolenic) Canola

Olive oil

Figure 5: A simplified schematic summary of the synthesis of fatty acids in plants
(adapted from Kinney (1999) and Durrett et al. (2008)).
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For more information go to

GMO Foods

Ri i
Tomato ce g ( Yeast
3 Sweet Corn Farmers don't like CanOIa Oll ef?s
GMO aquash but some L.t
oxperts say GM '
squash have blended
Tomatoes have been with wild squash {
genetically modified, but f l»ﬂ
they are not being grown GMO rice h l 1
commerically at thia time beets anprced Salmon
but is not yet G
being used More than 70 percent of i

commercially

Alfalfa

)
L v

GMO alfalfa Is
contaminating non
GMO alfalfa crops at

Wheat

Summer Squash

corn grown in the United ry
States has been genetlcally

engineered

GMO salmon has not been
approved by the FDA, but it
will be very soon

Soy

Sugar Beets Peas

87% of canola grown
commerclally, and 80%
of wild canlola is GMO

olmag.co/gmo-foods

GMO yeast for wine has
been approved

Hawaiian

a ropid rate ’ P apay a
Cotton ./ﬁ;ﬁ-—-/ | e
4 More than 93% of oas have baeh
pE 80 genetically modified
; ybeang tho United
h Unapproved 9:“;:;“:)" Beets (U“dég‘ o States produces are but are not approved
GMO has make of our sugar) are or avalllable

contaminated
wheat flelds, and

genetically modified

Most Hawailan papaya is

» MAIOR BIOTECH CROPS GMO, even many organic
At least half of knv;:‘d!:: :,{&‘m CANOLA I 0T1H oiRS VIF} OR BIOTECH CROPS crops are contaminated
cotton grown In the ofit —t
9% | SOYBEAN

https://ruiabioanalyticalsciences
.wordpress.com/2016/11/24/ge
netically-modified-foods/

MAIZE
COTTON
CANOLA

OTHER BIOTECH CROPS
SUGAR BEET

ALFALFA
PAPAYA

29



RIS Uil v
A Fleig (T Ml G

Table 2. Global Area of Biotech Crops, 2015 and 2017: industrialized and Developing Countries
(Million Hectares)

-3

Table 1. Global Area of Biotech Crops, 22
Years, 1996 to 2017

\ 2016 % 2017 } % ! - j % Year | Hectares (million) | Acres (million)
Industrialized countries | 85.5 46 89.2 47 | +3.7 +43 1996 17 4.2
Developing countries l 99.6 54 100.6 J 33 | *0 l +1.0 1997 1.0 27.2
Total | 185.1 100 189.8 100 4.7 +3% 1998 27.8 68.7
Source: ISAAA, 2017 1999 39.9 98.6
b 2000 442 109.2
2001 52.6 130.0
] 2002 58.7 145.0
i 2003 67.7 167.3
2004 81.0 200.2
2005 90.0 2224
2006 102.0 252.0
2007 114.3 2824
2008 125.0 308.9
2009 134.0 3311
2010 148.0 365.7
2011 160.0 395.4
2012 170.3 420.8
2013 175.2 4329
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2014 1815 4485
BN Total === |ndustriaiized Countries Developing Countries ‘ 2015 127 4640
— Er—re— e 2016 185.1 457.4
Figure 1. Global Area of Biotech Crops, 1996 to 2017: Industrialized and Developing Countries 2017* 189.8 469.0
(Million Hectares) Total 2,339.5 5,780

Source: ISAAA, 2017
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3%

Increase
from 2016

24 countries which have adopted biotech crops

A 1096 4= s (e 5 L 1L

R R VYR m@f* el

{6 A ELT0H 2 F L b 2
$|2017& 11,8987 25 -
4t ] 112 % =

Source: ISAAA, 2017

50,000 hectares, or more

ARG L) M Lo

USA
Brazil*
Argentina*
Canada
India*
Paraguay*
Pakistan*
China*

South Africa*
o

. Uruguay*

. Australia

. Philippines*
. Myanmar*
. Sudan*

. Spain

. Mexico*

. Colombia*

75.0 million
50.2 million
23.6 million
13.1 million
11.4 million
3.0 million
3.0 million
2.8 million
2.7 million

1.1 million
0.9 million
0.6 million
0.3 million
0.2 million
0.1 million
0.1 million
0.1 million

Less than 50,000 hectares

Vietham*
Honduras*
Chile*

Portugal
Bangladesh*
Costa Rica*

* Developing countries
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MAIZE SOYBEAN COTTON CANOLA SUGAR ALFALFA PAPAYA SQUASH POPLAR BRINJAL/ POTATO APPLE
EGGPLANT

(National Academies of Sciences, Engineering, and Medicine. 2016. Genetically Engineered Crops:
Experiences and Prospects. Washington, DC: The National Academies Press. doi: 10.17226/23395.)
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Corn for Grain 2017
Production by County
for Selected States

L0\

Bushels

Not Estimated
< 1,000,000
1,000,000~ 4,999,009
5.000,000 - 9,999.999
I 10,000,000 - 14,999,889
> 700,000 - 19,999 999

20 Fi
FTER W)

https://www.nass.usda.gov/Charts_and_Maps/Crops_County/cr-pr.php 34
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Some Common Plant Toxins and Antinutrients
Cheraical farulies of naturally-occurnng plant-raade toxans found at low levels in many foods that we eat. Effect on hurans
and aniraals is based on laboratory tests using toxin concentrations rauch higher than the concentrations nornally found in
food.

Toxin Family Examples of Occurrence in Planis Effect on humans and animals

Cryanogeric glycosides Sweet potatoes, stone fruts, hiraa beans Gastramtestinal inflamaation; inhiifion of

cellular respiration
Glulcosinolates Rape {canola), rustard, radish, cabbage, Goiter; Irpaired metabolisra; reduced iodine
peanut, soybean, onion uptake; decreased protein digestion
' Depressed central nervous systera, kidney
Glycoalkaloids Potato, tomato inflaramation; carcinogenic; birth defects; reduced
32 5 EA iron uptake
FEZSHR o
Gossypol 1‘%@% Cottorseed Reduced iron uptake; spemicidal; carcinogenic
. IMost cereals soybeans, other beans Intestinal inflammation; decreased nutrient
N =) t F] ] > ; )
[Fectus /fé;%:%% potatoes uptakefabsorption
Oxalate %@g Spinach rhubarb, toraato Reduces solubility of calciura, iron, and zine
i’h:enols Mmt fruits and vegetables, cereals, Destroys thiarune, raises cholesterol; estrogen-
;oybem potato, tea, coffee miraic
Cournanns Celery, parsley, parsnips, figs Light-actreated carcinogens; skin irritation

A P \" 2t ¥ »2
http://fanaticcook.blogspot.com/2006/11/paleolithic-diet-4-antinutrients.html = F'F’l - “;FK {‘Q io m!
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(Doerfler, 2000)
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— Cholera E. CO|I anthrax, botulism

s SR EFI R AT AR

— Ricin, lectins, protease inhibitors

‘4’-*H Y ijvgl-%-‘l"i’_

— ng or ug /kg body weight
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o A ﬁF\ZLLm ;}7"""30\» 7 5‘“ /ﬂ gfb‘/‘ﬁ' A }E"
?ﬁé—gt{;{{}n ﬁsb\ﬁ'iq\ 5-&-&&5 ’P&éﬂ-”—z » 5 A
WP ¥R 2ZFREF EZ2LA2 g2 EH2
SR ERPT TSR T Y

(ng) .
5 10 0 +Trypsin

374 RFoe F—> - -
ABCD 0 15 30 60 120 sec

HRY T ke
15%) = @2 B RIRATE R F-0 ?’

(Parrott, 2013) 48
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Allergenic

AT R R e —8)

Not allergenic

by R : >70% over whole protein
L& B R ———

) —
Z2_AB W1 & <35% identity over 80 aa

Stable for 60 min
AT ——

>909% digested < 2 min

Stimulates IgE
(L ocd ok pA 4 g ——
*If similarity is >35% NOI9E

—_—

Codex Alimentarius, 2003 (Parrott, 2013) 49
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ﬁ")’ ;}»;» r PR % ‘%‘ ‘]”EL. E q%“‘ogét\’ OECD/OCDE | w‘ngg

17" December 2001

° O E C D TG 420 OECD GUIDELINE FOR TESTING OF CHEMICALS

Acute Oral Toxicity — Fixed Dose Procedure
2=
e 14X H — &'VLHE
F =
Y E”, > > "' 1 1 OECD Guadelines for the Testing of Chemicals are penodically reviewed in the hight of scientific
i ? \_‘)ﬁ W progress or changing assessment practices.  The original Guideline 420 was adopted in July 1992 as the
N first alternative 1o the conventional acute toxicity test, described in Test Guideline 401, Based on the
i recommendations of several expert mectings, revision was consadered timely because. 1) mtornational
7‘ -'— agreement had beem reached on harmomised 1.D30 cut-off values for the classificanon of chemical
—‘3‘ substances, which differ from the cut-offs recommended in the 1992 version of the Guideline, and n)

testing i ooe sex (usually females) ts now considered sulficient.

2 Traditonal methods for assessing acute toxicity use death of animals as an endpoint. In 1984, a
new approach 1o acute toxaaity testing was suggested by the Batish Toxicology Socicty based om the
admmistration at a scrics of fixed dosc levels (1), The approach avosded using death of ammals as an
endpoint, and rehied instead on the observition of clear signs of toxicity at one of a senes of fived dose
levels Following UK (2) and international (3) i vive validation studies the procedure was adopted by the
Council as 2 Test Guidcline in 1992 Subsequently, the statistical properties of the Fived Dose Procedure
have been evaluated using mathematical models 0 4 senies of studies (AX5N6). Together, the in vive and
modelling studics have demonstiated that the procedure 1s reproducible, uses fewer anumals and causes less
suffering than the traditional methods and is able o rank substances (0 o similar manner o the other scute
wanicity testing methods (Test Guidelines 423 and 425)

3 Guidance on the sclection of the most appropriste test method for & given purpose can be found
in the Guidance Document on Acute Oral Toxicity Testing (7). This Gudance Document also contains
additional mfonmation on the conduct and micrpretation of Guidelne 420

4 Pufinianc soad in the contevt af thic Caidalines ans et vt In Anser |
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14% Fiber
and Ash

& /61% Starch
13% Water

(Parrott, 2013)
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Unclassified ENV/JM/MONO(2012)24

Organisation de Coopération et de Développement Economiques
Organisation for Economic Co-operation and Development 02-Aug-2012

English - Or. English
ENVIRONMENT DIRECTORATE
JOINT MEETING OF THE CHEMICALS COMMITTEE AND
THE WORKING PARTY ON CHEMICALS, PESTICIDES AND BIOTECHNOLOGY

REVISED CONSENSUS DOCUMENT ON COMPOSITIONAL CONSIDERATIONS FOR NEW
VARIETIES OF SOYBEAN |Glycine max (L.) Merr.]: KEY FOOD AND FEED NUTRIENTS, ANTI-
NUTRIENTS, TOXICANTS AND ALLERGENS

Series on the Safety of Novel Foods and Feeds No. 25
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Ty b5l REEFIESE (Mmy/10 g)
Hardin Girard, IL 472
Hardin Urbana, IL 822
Hardin Pontiac, IL 156P
Hardin Dekalb, IL 171P
Hardin Urbana, IL 1162
Amcor Urbana, IL 150P
Century Urbana, IL 250¢
Sprite Urbana, IL 309d

Eldridge and Kwolek. JAFC 31:394-396, 1983. 54
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15-310
uolgawt @ Mg Hicd B
o ke
- 28.014 glycitein £ &g =
Hg/g dwt ® IR FFTEARE
Mean difference = I £7?
7.21 N A m oo
> FGRAGES T B YT
65-110 4?'150 # glyciteing= [ -
t > vb ¥
nglg dwt ~ HI'G AW >RERTHREFTE A
*

Glycitein pug/g dwt

z
| BREN o A2e
23 5

stk Hitle > ?Jefﬁ ILSI
=X oy
(Parrott, 2013) AR 55
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- I B RRF
« £33 .8 4L £ = tiE (ELISA test)
* P A& (strip test)

« 18 B|DNA
— R & péady F i (PCR, polymerase chain reaction)
« T HPCR
« Z_¥ PCR (real-time PCR/gPCR)
« #*PCR (digital PCR, dPCR)
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Control Line

Test Line J‘j 'g-? - ‘Iﬁ"_#ﬁﬁg I/EJ': /‘E'J%Ei T
> RN S Ny

Sample Pad

ﬂ"\\

Wicking Pad

A ik - EMR

P RIS IE R

' AR i
i‘ mEEEINII NN -
P BEEENT N~
L K
B
%,ge;
’Jﬁc"//\/xq
&

(http://www.gmotesting.com/Testing-Options/Immuno-analysis/Strip-Test.aspx)
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(http://mww.gmotesting.com/Testing-Options/Immuno-analysis/Elisa.aspx)
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1. & #& screening

2. & Flax £ 14+ gene specific

3. #33 4% & L construct specific
4, 3 7e -8 3F B |+ event specific

% 1DNA fc#*3 f#m%DNA %33 7 iDNA

(flanking sequence) (promoter) (transgene) (terminator) (flanking sequence)
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genex geney genez

MP123123123

1. Event 1
2. Event 2
3. Event 3
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# i+ PCR (digital PCR)

o peiekal S microfluidic/chip base
* ¥ JF droplet base

www.bio-rad.com

Pressure

- Accumulator
formulatrix.com =

National institute of biology 82
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Source: Gapminder{1 7], Maddison[2] & UN-POP[1 2]



2

M
iSRRI RERSS
RIE
3&%%
",

(&,




gm0 RS TRERS R

o= foodrlnd‘wyﬂmwdvu\drmmlmb

s AR
(F*F W

"t\';é;:\gl_-]¥\
2 1 .5:’@’3‘?\?;2”6‘%}‘\)

&
AR AR 4




{ais A1 AR T XA RS R

™ %
" ood, I nedustry Research and. Development T mb“i

5 W

> 2 R 59‘%‘«1 e FMh BRRE 0
BT 2R I3 i Fleed s 5 o
BHREFE-HKZET 2 TG o
> RARFERRY ARSI ST RELARE

FVRRIZ > X &*’Hsﬁﬁts’éf’ T
BB B bt R § &g o
Fier o ARBHEPE B Fo

91



TR X B )
e b RO
@l A 5 .
FrRAics st

* FAARINS EEF PRFAT R IEE T
https://www.fda.gov.tw/tc/site.aspx?sid=3950

c F2ARFIINE Pl ez AT 8 R A3
https://consumer.fda.gov.tw/Food/Gmolnfo.aspx?nodelD=167

o A TFrid 6 BT R AR F E(QRA)
https://www.fda.gov.tw/tc/includes/GetFile.ashx?1d=f6366941748158
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« The International Service for the Acquisition of Agri-biotech
Applications (ISAAA) http://www.isaaa.org/
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