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GMO An organism whose genome has

been altered in order to favour the expression of
desired physiological traits or the output of
desired biological products. The techniques
used to produce genetically modified organisms
iInclude cloning and recombinant DNA
technology. The primary applications of GMOs
are in the areas of agriculture and biomedical
research. GMOs offer numerous benefits to
soclety, including increased crop yields and the
development of novel therapeutic agents to
prevent and treat a wide range of human

diseases.
Encyclopeedia Britannica Concise




GMO

Genetically Modified Organisms
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Biotech Timeline

10,000 - 9,000 BC People start planting crops

4,000 BC - 1,600 AD Farmers - saved seeds and plant next season
1866 - Gregor Johann Mendel heredity; passing trait to next

1908 - First U.S. hybrid corn produced through self-pollination.
1944 - Discovery that DNA is genetic molecule

1953 - Watson and Crick describe the double helix structure of DNA
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1973 - Cohen and Boyer develop gene splice and cloning P
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1994 - Transgenic FlavrSavr® tomato sold in USA
1995-1996 - GM soybeans & corn approved for sale USA,
1996 GM tomato paste approved in the UK,

1999 - German and Swiss scientists develop golden rice
20031 67.7 million hectares T 18 countries (8 years)

20157 179 million hectares T 28 countries (20 years)




Methods for

Producing
GMO (Plants)



leaf discs incubated with
discs removed from genetically engineered
tobacco leaf Agrobacteria for 24 hrs.

allows plant cells that
have aquired DNA from
the bacteria to
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Limitation

Limited host range - monocot are
not a natural host.

Monocot - requires manipulation of
system: eg promoter, wounding
etc.
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Limitation

Low efficiency of stable
transformation over transient
expression.

Multiple copy number of transgene
Insertion

Requires optimization: promoter,
selection, parametes and etc.



Other Methods

Protoplasts i PEG/Microinjection

Limitation:
Low frequency

High cost equipment
Need skilled personnel
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Transformation

Process to transfer foreign genes
(DNA) from one organism into the
same or different organism

The foreign gene can be from
plant, animal, human, bacteria,

fungal or virus



How Transformation Works ?
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Foreign genes are transformed into
plants in the form of plant gene
expression cassette (plasmid)
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How to transform ?

Delivery DNA into cells.

Select transformed cells, proliferate
and regenerate into transgenic plants.

Molecular and protein analyses to prove
stable transformation and expression of

the transformed gene.
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Selection on Basta




Proliferation on Basta




Regeneration on Basta




Benefit of
GMO (Plants)
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Transgenic
obacco plants
resistance to

fungal

Rizoctonia
solani using

gene from

VIrus.

(Zoubenko et
al., 1997)




Future
Transgenic Plant
Technologies




Genome Editing

DNA Binding Domain -sequence specific manner
Engineered to bind to different sequence

Induces double strand break (DSB) at site
Non-homologous end joining (NHEJ):
Homology directed repair (NDR):

(A) Nonhomologous end joining (B) Homology-directed repair

Insertion + Gene addition Gene correction

(up to 14 kb by synchronized donor
cleavage in vivo) :;t ' Provide donor
Provide donor

template containing
modified gene

Deletion A
NHEJ-mediated template containing

ligation of broken Simultaneous transgene (s)
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TALEN

(Transcription activator-like effector nucleases)

Rice resistant to Xanthomonas oryzae pv.
oryzae
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ZNF (Zinc-Finger Nucleases

Precise genome
modification In e e
corn using ZNF
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CRISPR/Cas9

Clustered regularly interspaced short palindromic repeats

Proven successful
IN Ccrops:

Maize: Char et al.,
(2016) PBJ: doi:
10.1111/pb1.12611

Rice: Zheng et al
B. Transient introduction \ /
(20 16) Plant Ce” ga‘;!g.:;ss:nwdﬂg \\'. '/' C. Application of

Cas9/sgRNA

Rep 35:1545i 1554




Synthetic Biology

1) Source of DNA

2) Combination of DNA from different sources

3) Modification of genes for improved or
novel functions



Issues related
to GMO




Modern biotechnology promises to Iimprove human
wellbeing, for example, by enhancing agricultural
productivity or producing high value novel metabolites.

However, there are concerns about the potential risks that
LMOs may pose to biological diversity and to human health

Environmental concerns (examples)
Ampacts on non-target organisms
Aransfer of genes from cultivated species to wild relatives
Motential to become super weeds
Contaminating the commercial non-GM plants

Health concerns (examples)
A P odlleraenidite |
A Antibiotic-resistance

A Toxicity ,?*’f
r




Regulatory
Approval
Requirements
& Costs




Regulatory requirements

Product characterization
gene, protein, how much protein
Effects on human health
Toxicity, allergenicity of pesticidal
protein
Ecological effects
unintended effects on birds, fish,
mammals, insect
Threatened and endangered species
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eéé. . Regul atory

Environmental fate
persistence in soil
Gene flow/crossing
Resistance management
Insect resistance management
required
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PUBLIC UNDERSTANDING &)

BIOTECHNOLOGY

; THE REGISTRAR CHECKS TO SEE
INTERESTED PARTIES FILL OUT AN THE 6MO APPLICATION IS SENT TO THE REGISTRAR IF THE APPLICATICN MEETS THE
APPLICATION TO DEVELCP 6GMO'S FOR EMO'S AT THE DEPARTMENT OF AGRICULTURE REQUIREMENTS OF THE 6MO ACT

A PERMIT MAY BE ISSUED
FOR CONTAINED USE..

FIELD TRIALS..

{NDfPfNDE
x EXPERFSN

OR COMMERCIAL COMMODITIES.

THE APPLICATION IS EVALUATED BY THE
ADVISORY COMMITTEE. ADDITIONAL INFORMATION
MAY BE REQUESTED FROM THE APPLICANT

THE EMQO REGISTRAR IS INFORMED
OF THE DECISION OF THE EXECUTIVE
COUNCIL AND IMPLEMENTS IT

THE EXECUTIVE COUNCIL EVALUATES THE APPLICATION,
TAKING INTO CONSIDERATION THE RECOMMENDATICN

A RECOMMENDATION DOCUME \/<‘
FROM THE ADVISORY CCMMITTEE AND PUBLIC INPUT PREPARED BY THE ADVISORY CON )
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General:

Regulatory cost: US 100K 1T 1.7M (non-local) in

Indonesia & Philippines (Falzk-Zepeda et al 2012, GM Crops
and Food: Biotechnology in Agric. & the Food Chain)

India Bt brinjal ($53K) & viralRrice Costa Rica ($2.25M)
In USA $7-15M

The above exclude development cost.
Compliance also increase time to market
Increase cost and time --A increase product cost
Different country have different regulatory
requirement : reflect environment, financial etc
Public vs Private

Trial T Data / vandalism / cost / completeness



Kenya: Biosafety Act 2009
AENnvironmental release 1 US10,000 (RM100 i 500)

ASeparate approval for each shipment
ATransit through Kenya i need approval "

M pproval takes around 6 months

India i Bt brinjal
AApproved for release for Food
APressure i Environment
Minister - Moratorium till
long term effect know
Ao stop other GM trial
and Ban all GM crops



Genome editing / own gene  Biosafety Act: Act 678 (2007)

Section 3. Interpretation

In this Act, unless the context otherwise requires -

"release activity” means any intentional introduction of living modified organisms or
products of such organisms into the environment through the activities or for the
purposes specified in the Second Schedule;

"modern biotechnology" means the application of -

(a) in vitro nucleic acid techniques, including recombinant deoxyribonucleic acid (DNA)
and direct injection of the nucleic acid into cells or organelles; or

(b) fusion of cells beyond the taxonomic family,

that overcome natural physiological reproductive or recombination barriers and that are
not techniques used in traditional breeding and selection;

"products of such organisms" means any product derived from a living modified
organism or part of a living modified organism-

(a) if the|product contains detectable recombinant deoxyribonucleic acid (DNA){ or

(b) where the¢ profile, characteristic or properties of the product is or are no longer
equivalent to its conventional counterpart irrespective of the presence of the recombi —?',

deoxyribonucleic acid (DNA);



Anti-GMO
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