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Bacteria 4000 1,000,000
Protocitista 8000 600,000
Fungi 72,000 1,500,000
Plantae 270,000 320,000
Animal 1,618,876 11,225,000
(Birds, Mamals, insects,...)
Total 1,750,000 14,000,000
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Is GE Iinherently unsafe?
m  Two diametrically opposite trends of thought
m US-Canada
No new risks associated with GM crops
New regulations not considered necessary

Safety assessments
‘Product’ rather than ‘process’ based

In comparison and contrast to their ‘familiarity’ and
‘substantial’ equivalence to conventional crops



...1s GE Inherently unsafe?

m EU

= GE crops considered new and special

= Existing legislation not considered sufficient
m Safety assessment

m Process based

m  Principle of ‘substantial equivalence’ is beginning rather
than the end

m  Adoption of ‘Precautionary Principle’ as guide
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What is a Living Modified Organism (LMO)?

* Living Modified Organism (LMO) is defined in the Cartagena Protocol on
Biosafety as



LMO vs. GMO

LMOs, Living modified organisms or
Gyl i b a8l S e 00y Wildgzgo

GMO, Processed products containing dead modified organisms or
non-living components including:

» food and food additives; many processed, canned, and preserved foods
like corn and soybean derivatives used in many foods

non-foods like cotton, cornstarch used for cardboard and adhesives, fuel
ethanol for gasoline,

vitamins,

* vaccines

pharmaceuticals, and

yeast-based foods such as beer and bread.
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LMOs for contained use (e.g. recombinant drugs)
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LMOs intended for direct use as food, feed or processing
(e.g. genetically modified fruits for human consumption)
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LMOs for intentional introduction into the environment (é.g.
seedq))
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Technical, econamic, political, social and

scpentific ethical considerations
considerations |
Risk Asaessaierd |00 = Rixk Fi'l.l-l.rlugl:munt ________________ - Risk

C oomumin nicad ion




Risk Assessment & management

From beginning
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Molecular Cloning

Gene of interest

pBluescript-5K
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Broamoxynil herbicide tolerance

Coleopteran insect resistance (Colorado potato beetle)
Cucumber mosaicwirus (ChY) resistance

Fruit ripening altered

Fungal (Lstilago maydis) resistance

Glyphosate herbicide tolerance

Higher amylopectin starch content

Imiclazolinone herbicide tolerance

Increaszedwvase life

Lepidopteran insect resistance (Eurapean corn borer)
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aacdd (streptorycin adenvlylitransterase (3"[9-0-nucleotidyltransferase) from transposon Tn? - E. coli

acc [1-aminocyclopropane 1-carboxylate synthase gene ) from Lycopersicon esculentum
acc (1-aminocyclopropane 1-carboxylate synthase gene) from Dianthus caryophyllus 5
acc deaminase from Fseudomonas

als (surb)- (acetolactate synthase) from Arahbidopsis thaliana

als (surb)- (acetalactate synthase) from Nicotiana tabacum

aminoghycoside phosphotransferase type Il (npt Il from Streptococcus faecalis

aros [3-phosphoshikimate 1-carboxsvinyl transferase, EFSF synthase) from Agrobacterium tumefaciens, CF4 strain
bar (pat) - (phosphinathricin acetyl transferase gene) from Streptomyces wviridochromogenes

bar (phosphinothricin acetyl transterase gene) from Streptomyces hvgroscopicus
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Leaf sterilization and punching

®
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Leaf disks infection and culture
In
shoot induction medium

.x'hb-



Leaf disks transfer to
selection medium with Antibiotic
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Regenerated tobacco transgenic plants carrying different regions of psr3promoter:: gus gene fusions.
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(Rommens et al., 2004) Q\A fﬁ) PL T DNA LSLAJJA stu 6\.& L;‘f J‘j}j

TGGCAGGATATATTGTGGTGTAAAC ‘ T
IS S I O N I A AR B | ‘ y —_
TGGTAGGATACATTCTGATGTAGATATGGCAGATATTGTGGT (GenBank’Nhﬂll4337) () - Tj w.J
AGATCAGGATGGAAG/ /1,029 bp//TCAACGACGATGCTT
GGATGCATATCTGCATTACGAAAGCCAACAACTTAAGAAAGA
TCATGACTATGGCATTGTGACAGGATATATCGTGATGTCAAC

R CLERELEEEEY B4 Bt i

TGGCAGGATATATTGTGGTGTAAAC

GTTTACACCACAATATATCCTGCCA .
T T NERERRRR RN (GenBank, AC097279) C:J.:—
GTTCATATCGATATATATCCTGACAAAGTCAGTCCAATGGAT N A
ATATAAATCTAGCCT//2,429-bp/ /GGGCTGCTTGTGAAA
TTTCACAAGCAGCCCCGTCTGTGGCTGAGGCTAGATTTATAT
ATCCACTGGACTGACTTTGTCAGGATATATATCGATATGAAC

EE LS Pl N

TGGCAGGATATATTGTGGTGTAAAC

TGGCAGGATATATTGTGGTGTAAAC . .
PERRRRIIRINEl RLRRtinnl (GenBank, AY566555) gl ) (—on —
TGGCAGGATATATACCGGTGTAAACGAAGTGTGTGTGGTTGA )
TCCAAAATCTATCGTACCTTTAGAAAGTGTAGCTATGAAGGA
TAGTCTCACTTATGAAGAACTACCTATTGAGATTCTTGATCG
TCAGGTCCGAAGGTTGAGAAAAATAGAAGTCGCTTCAGTTAC
GGCTTTGTGCGAGGAGTAAGGAATTCGAGCTCGGTACCTACTC
TAGAATCGAGCTCATCTGCAGTTATGCTATAAATTTCATATA
TTTAGTTGGGAGTAGGCTTTATACCGAGTTGGACTACGGTCA
GTCACTTTCAAGTCCTAGAACTACGTGCCCCTGTAGGTTATA
AGTCTCCTCTGTGGGCATCAATTTAGTGATCATGCCAGTCAT
GCCTCTATACCTCTGACAGGATATATGGTACTGTAAAC

LU ULRT R ntt) T Lhthatd

TGGCAGGATATATTGTGGTGTAAAC
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ﬁ

(Depicker et al, 2001) DNA JLs .LJJ& )'Lij &uj:

5055 b Sl 55 pBI121 5 54> 5 T-DNA 5IP-DNA ol 5 Slsl 3 05y YL
(e.l..i_'a f.:.:.vo ‘u‘fﬁl‘ 9 @b’) L3 ).,\.\.xa- 9 (Rommens et al., 2004) WJW



3 P-DNA Lug gsu,l 5 saal,8 ol ol ojle > b
T-DNA U auslis

T-RB nptll I CodA _______  T-LB
PRB nptll I CodA _______ P-LB
0.6 - 4 b

0.4 -

0.2 -

P-DNA T-DNA P-DNA T-DNA
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(Kononov et al., 1997)

oS o5 5o Jal= 4 IS el e
(De Buck et al., 2000)

(Rommens et al., 2004)
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(GenBank: AF242881.1) ipt s =l qu‘ JKJLM 35 <>L§«.>\ .

T'DNA%)J‘:J)W 4.;.)\.3‘.;.59‘)3

s 955 =0 s el lame (9, e bkl @

Jol= 6t JIg ghils olS s i
S5sS -
oS gl -

3554 kb sy e S5 -
O sy BB laee 4 Jlinl ames 40 slyads, ;5 Slel -

(Rommens et al., 2004)



Crispr/cas9

— Indel
—= HH—————HH Insartion ar replacement
HE S o e — 1 La-l'gﬂ' delation ar I'EIE.rI'E.I‘IgEI'l'iEI"It

ﬁu
- §El i Gane activation
WTSE

- /_E Other modification,

il " e.g., chromatin or DNA modification
dCass

EGFP

—_— Imaging location
of genomic locus




Risk Assessment & management

For release



Risk Assessment

« Carry out in a scientific sound manner

 Conduct in accordance with a technical annex containing general
principles and methodologies
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Substantial equivalence
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Breeding programs

Transforming O-type line (pollinator, 2n)
& using in only in the 2"9 cross

Cross 1 CMS/rrfftt N/rrfftt
Progenies All CMS/rrfftt
Cross 2 CMS/rrfftt X

Progenies All CMS/rrffTt

Phenotypes All Tolerant, Heterozygot & Sterile



Risk management

After release
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(Enzyme Linked Immunosorbent Assay) ELISA s

Enzyme-labelled Anti-
antibody

GMO protein
specific to antigen

/

|

Blocking
protein

Antigen

ell

Colour
Response
Concentration

Dependent

COOCOOOQO0O
COOCOOOQO0O
COOOOO®
QOOOOOO0O
COCO0@O0O0O
@8CeeC0O®
@OOCOCO0O0O0O
OO0 O0O00
COCOOOO0O
ool 1ol 1elelV)
0ol 1ol 1elV)
SOC@OO000O0O

ELISA Plate




Antibody-coated Tube
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Lateral Flow Strip Assay

(a)

— Sample

_ Test Control
c:‘(_ Bt protein line line:

I I
N

sl oAy

+ /;;ﬁ o ‘kh,% _

L abeled =eoond Excess
specific specific antibody
antibodies antibody captured
Megative Positive
result result

TRENDS in Biofechnology
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Crude sample

Magnetic Particles

—_

Add Dynabeads'

\
|
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Incubate with Dynabeads ™ to
bind target cells
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|
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0 ( @@
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Apply magnet

Negatively isolated cells
(supernatant)

Positively isolated cells
{cells bound to

Dynabeads”)
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1. Selectable

2. Transgene

., Promotor

. Terminator
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(Polymerase Chain Reaction) PCR el -¥

s IS 5 ¥ el S5E1-Y  aud 2l Funl DNA -

el AL -0 ey Bl -8

PCR.. Denaturation 94°C
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Sample wells in gel
Gel slab

Electrolyte .
solution

, Cloth wick

Wl Jolow 5 4520 5 e etalin 4

Power source

hY
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Rayleigh-Be nard
Convection PCR, 2002

A Fow in from Flow out 1o B i i i
water bath waterbath 61 °C

Madhavi Krishnan, Victor M. Ugaz, Mark A. Burns (2002) PCR in a Rayleigh-Be nard
Convection Cell. SCIENCE VOL 298 :793.
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Technology Key

In marked contrast to the conventional thermal cycling, thers is no temperature ramping in the
Palm PCR device, thus not requiring the huge, hundreds of watts of electric power and
cumbersome programming of many parameters typical in the conventional PCR machines.

Palm PCR device features three stages of specially structured heat blocks that are maintained
at temperatures suitable for 2ach of the three PCR steps, and the sample is circulated across
the high- and low-temperature zones inside the sample tube. Ahram's proprietary Palm PCR
technology enables accurate and robust control of the sample circulation for performing ultra-
fast PCR. amplification.

Palm PCR system is designed to perform high-speed and high-efficiency PCR amplification for
12 samples of 20 pL volume.

Palm PCR Control

A protocol to perform a PCR reaction in the Palm PCR device can be programmed in a simple,
convenient manner. It requires setting up only four control parameters: PCR speed, Annealing
temperature, PCR time, and Preheat. Other control parameters such as melting and extension
temperatures are automatically controlled by the operating software. Annealing temperature

can be selected in the range from 52.0°C to 60.0°C.

PCR Speed and Dynamic Range
In the Palm PCR device, speed of the thermal cycling is controlled by setting up the PCR spead
level, Seven PCR speed levels available are categorized into the following three modes:

* Standard Fast mode: F1, F2 and F2
s Standard Slow mode: S1 and 52
» Turbo Fast mode: T1 and T2

Selecting a PCR speed level makes the Palm PCR device perform PCR amplification in a pre-
defined speed as listed in the Palm PCR Selection Chart. Dynamic range of the amplification
depends on the PCR speed level. It is broader at a lower speed and narrower at a higher speed.

PCR speed —

Annealing

ternperature = |
PCR time —

Melting
temperature

Cycles

< Palm PCR Selection Chart >

PCR Speed  PCRTime Drynamic
Level 30 cycles Range
T2 18 min =400 bp
T1 21 min = 500 bp
F3 24 min =600 bp
F2 27 min = 800 bp
F1 30 min < 1kbp
52 34 min % 1.5kbp
51 39 min < 2kbp

http://www.ahrambio.com/products_palmpcr_technology.html



Qualitative PCR or End point PCR

M N S1IS1IN 8521522 N 531532 N S415842 N 551 552 P

Results

Sample GMO

DNA extraction .
S1= Control negative

L

B ®w gg =% we= < Control

e (its) S2= soybean seed positive

S3= chili negative
S4= cotton

S5= corn positive

- - & o 4 detected GMO
M = Kb ladder 51, 52 = sample S

N = negative control P = positive control




fluorescence intensity

Quantitative PCR, Real time PCR

1.0+
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molaculas

1.000.000

PCR cycles



Quantitative PCR, Digital PCR
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Quantitative PCR, Digital PCR

DIGITAL PCR
VS :
REAL-TIME
PCR :

ASk Taq Man o InhBiter Concemtration



Risk Communication
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