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Descriplion

This LWO contains bwo copiegTE 8 tuncated synthetic versiGIDp the full length cry1A5 gene from Sacilus thuringiensis subsp. kurstaki The synthetic fruncatad cry 1AL gene

encodes a protein fhat comesponds to the Tirst B43 amino acids of the N-terminal of the 1155 amino acid full length native Cry1AD profein and includes fhe porfion of the native EN
protein that is necessary for insect contral

- Also note that the cassette has genetic elements belonging to corn to dupe the plant cell so that it does not recognize that |

Additional information concerning the bia gene insart in this LMO:
The Bia gene from Escherchi colf is not exprassed in piant cells, but was employed as l' screening bacieral colonies for the presence o the piasmid vecior

Additional information on the inserted genetic maternial:
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Basic concepis
Cartagena Protocol Art.3

Use of Terms

For the purposes of this Protocol:

(9) € "Living modified organis means any living organism that possesses & novel
combination enetic material®btained through the use € modern biotechnologs

(i) "Modern bictechnology" means the application of}
a. In vitro nucleic acid technigues, including recombinant deoxyribonucleic acid
C (DNA) and d@jection of nucleic acid into cells or organelles, or
b. Fusion of cells beyond the taxonomic family,
that overcome natural physiologi€ai_reproductive or recombination barrie nd that

are not techniques used in traditional breeding and selection;

Basic concepis
Biosafety vs Biosecurity

Biosafety {Prevention des Risques)

The efforts to avoid and minimize the environmental and human health risk resulting
from modern biotechnology and its products.

Biosecurity (Biosécurité):

The efforts to prevent misuse of hazardous biological materials through loss, theft
or diversion.




| Basic concepis

Genetic materials

The medium by which inherited characteristics of a living organism are transmitted
from one generation to the next.

Thymine

| Basic concepis ‘ W ¥

Genetic code d"

Phosphate-

deoxyribose
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Sequences of nucleic acids that contain instructions for cell development and
functions




Basic concepis

Genetic code 15t base
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RANA
Ribonucleic acid

It is universal in all living organisms W|’rh negllglble excephons Three consecutive

bases {codon) code for one amino acid

Basic concepis
Gene expression

Is the synthesis of a specific protein with a sequence
of amino acids encoded in the genetic code.
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| Basic concepis
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Basic concepis

Gene silencing

Qur body consists of
different types of
cells (skin, muscles, or
bone cells) with
identical genetic
materials.

Through gene silencing genetic information is switched off so during development a cell

only reads instructions that are necessary for gaining the characteristics structures and
functions.




| Basic concepis
Gene silencing

gene

Micro RNA

Micro RNA molecules (miRNA)
turn off genes by inactivating A
mRNA necessary for translating messengerRNA
genetic information into proteins.

They participate in regulating }
the cells from their development
to their death.

protein

| Basic concepis

A species

s

MULE

A group of living organisms consisting of similar individuals capable of exchanging
genes or interbreeding to produce fertile offspring.




| Basic concepis
ALLELES

Individuals resulting from interbreeding inherit 2 copies of every gene, one copy from
each parent.

GENETIC INHERITANCE

II each variation of a gene
/ is called an allele

the 2 copies don't have
to be identical

For example:
if a gene contains
information for eye color,
one allele might code for
blue eyes and another
might code for brown eyes

G\x‘/ ek

alleles create diversity

| Basic concepis

Genetic barriers between species

Each living cell can identify foreign genetic materials belonging to other species and will
make it unfunctional by destroying it or by repairing its own DNA, creating barriers
between species.




| Basic concepis
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- Restriction enzymes are naturally occurring defense mechanisms to digest foreign DNA
molecules.

- They recognize specific DNA sequences, mostly 4-6 bp, and cut DNA into fragments by
breaking the phosphodiester linkage between two successive nucleotides of DNA.

- Now, if these restriction sites may be present in the organism’s DNA, the DNA methylase
enzymes carry out methylation of their DNA to protect it from digestion.

e sl o e R
| Basic concepis
Mechanisms for DNA Repair DSDBs Hormologus Ratombiaation

Homologous Recombination {HR}:

* Utilizes a homologous template (often a sister Displacement loop

chromatid) to repair DSBs.

* Involves strand invasion and exchange of —
genetic material.

* High fidelity; preserves genetic information. l

* Essential for meiosis and genetic diversity.
— - -

* Used in gene editing techniques like CRISPR.




| Basic concepis
Mechanisms for DNA Repair DSDBs

Non-Homelogous End Joining {NHEJ}):

* Directly joins the broken DNA ends without
the need for a homologous template.

* Involves recognition of DNA ends and
ligation.

* Prone to errors; can lead to insertions or
deletions {indels).

* Important in response to radiation or other
DNA-damaging agents.

Binding of Ku70/80,
DNA-PHcs

Ligation
< l Ligase IV

g XRCC4

| Basic concepis

Genetic engineering (GE)- Modern Biotechnology

\ J

- Genetic material is altered or artificially introduced in vitro to induce a desirable new

fraif that does not occur naturally in the species.

- Inserted genes usually come from a different species.




| Overview on ihe process of GE

1. Identify and isolate genetic sequence of interest from donor organisms and
manipulate it in the laboratory to enhance their expression in the intended recipient
organism.

Bacillus thuringiensis Streptomyces hygroscopicus Escherichia coli Cauliflower mosaic virus
Enzymes

Enzymes

)

<Y

CrylAb gene
Resistance to Insects - Lepidoptera  Phosphinothricin N-acetyltransferase gene  Beta-lactamase gene - CaMV35S promater
(butterfties and moths) Besistancs o herbicites < Biufosinale Resistance to antibiotics - Ampicillin -~ CaMy 355 terminator

| Overview on ihe process of GE

2. Build the manipulated genes of interest and other nucleotide sequences needed for
their proper functioning in an orderly sequence ‘Transformation Cassette’

CaMv 358  Phospinothricin N- Cry 1Ab gene CaMV35S  Beta-lactamase
promoter  acteyltranferase gene terminator gene
- Hi - -
; terminator
Promoter Desired genes (may be laboratory Selectable marker
modification of genes) on the plant gene
casette

3. Finally, the cassette is integrated into the recipient organism's genome through a
process known as' transformation’

10



| Overview on ihe process of GE

Techniques used for the modification °

Agrobacterium-mediated DNA transfer
Bialistic / Particle gun
+ Cell fusion
_1 Gross breeding
‘de novo' synthesis
Direct DNA transfer
_ Electroporation
|1 Heat shoek
) Migrolnjection
O Osinotie shock
Embryonic stem cell-.mediated gane transfer
-l Gene editing (e.9, CRISPR-Cas, eic.)
Virus-mediated gene transfer
Ofher

| Commonly used fechniques
Transformation using Agrobacterium tumefaciens

- Agrobacterium tumefaciens is
rod-shaped, Gram-negative soil
bacterium.

- It is the causal agent of crown
gall disease (the formation of
tumors) in over 140 species of
eudicots.

11



| Commonly used iechniques
Transformation using Agrobacterium tumefaciens

Agrobacterium
tumefaciens

(5:& O“/] DNA containing

gene for desired trait

|

Cocultivation of
Agrobacterium with
plant pieces

Recom-
e — binant —_— -
Insertion of gene Ti plasmid Introduction
into plasmid using into plant cells
/ restriction in culture
T DNA enzyme and
/ DNA ligase

Restriction
site

| Commonly used fechniques
Transformation using gene gun

DNA containing
gene for desired trait

L

Particle gun
Particles coated

oe L P
- " » g g with DNA encoding
“e%e 8 Josired genes ’
Bombardment of
piant pieces with
bacterial cells lysed DNA transterred particles
inserted replicated inside bacteria DNA vector isolated and to plant cells

into vectol under stress gold or tungesten particle

coated with it

After the DNA-coated particles have been delivered to the cells, the DNA is used as a

template for transcription (transient expression), and sometimes it integrates into a plant
chromosome ('stable’ transformation).




| LM plant generaiion

Plant coils scroened
for transgena

Snogt regenaration
Toliowed by roat
reganeranan

Cheomopsomes with Call multiplication (callus) Plant with naw trait
integrated DNA
encading dasired genas

IPlant cal Nuclaus

- Transformed cells are then selected, e.g., with the help of a marker gene

- Then are treated with a series of plant hormones, such as auxins and gibberellins, to
divide and differentiate into an entire plant.

- The new plant that originated from a successfully transformed cell has new traits that are
heritable (LMQ).

Unique ideniifier
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| OECD Unique ideniifier
What is a unique identifier?

- It is a digital alphanumeric code for each living-modified plant approved for
commercial use, including food or feed.

- Currently, there are discussions to extend to transgenic animals.

- Unique |dentifiers are generated by the developers of a new transgenic plant and
included in the dossiers that they forward to national authorities during the safety
assessment process.

- Once approved, national authorities can forward the unique identifier to the OECD
Secretariat for inclusion in the OECD’s product database, from which the information is
automatically shared with the Biosafety Clearing House.

OECD Unique ideniifier

Understanding the code

One numerical \
digit for

verification (to
reduce errors by

5 or 6 alphanumeric
digits to designate the
transformation event

2 or 3 alphanumeric
digits to designate
the applicant

ensuring the

integrity of the
alphanumeric code)

A

MON = Monsanto
SYN = Syngenta e
DAS = Dow Agro-Science DAS-G1507-1
BCS = Bayer Crop-Science T N




Genelic engineering - Modern biofechnology
What is a Stacked LMO?

- It is an LMO possessing new traits resulting from more than one transformation cassette.
It can be produced by several approaches, including conventional cross-breeding
involving two LMOs that are either single transformation events or already stacked
events, the transformation of an LMO, or simultaneous transformation with different
transformation cassettes or vectors.

- Accordingly, the casseftes containing the transgenes and other genetic elements inserted

in the original transformation events may be physically unlinked (i.e., located
separately in the genome) and can segregate independently.

- Stacked LMOs may occur in the field in cross-pollinating plants like maize (corn) if more
than one LMO are planted near each other.

Genelic engineering - Modern biofechnology
What is a Stacked LMO?

- For stacked LMQOs, the unique identifiers show the multiple combined GM events.
BCS—BNQ] 2-7 X ACS'BNQG3'6 X MON-BB3Q2-9 ||_[V|O with 3 stacked e\,rentsl
BCS-GH@2-5 X BCS-GHZ@4-7 |LMO'with 2 stacked e\.rentsl

15



Sear“mir'lg for informaiion
CASE STUDY (CSFI08)

You have recently been given a food product that indicates that it containg

genetically medified organism identified as ‘SYN-EV176-9". Use the BCH to answer
the following questions:

Q1. What type of organism is ‘SYN-EV176-9'2

Q2. How has ‘SYN-EV176-9" been modified from its parent organism (i.e., what
new characteristics does it display)?

Q3. Is ‘SYN-EV176-9° known by any other names?

Q4. What gene has been inserted into ‘SYN-EV176-9'¢ Where did the gene
come from?

Q5. Have any countries approved ‘SYN-EV176-9° for human food, animal feed,
or processing? Which ones?

16



Searching for informaiion
CASE STUDY (CSFI08)

Q6. Have any countries decided that ‘SYN-EV176-9" cannot be used for any
reason? If so, why?

Q7. Where could you go for further information about this organism?
Q8. What product does the inserted gene produce?

Q9. What other organisms in the BCH have the same inserted traits as ‘SYN-
EV176-9'2

Q10. What genes have been inserted into the other organisms to give these same
traits?

oearching for informaiion

CASE STUDY (CSFI15)
You are a phytosanitary officer in the Czech Republic. You are inspecting o field
planted with MON-Z@813-6 - YieldGard ™ maize.

Q1. What stacked events can be present with this event?

Q2. Are all of them approved in Malawi?

Q3. Are any of those varieties banned in any European country, and why?

Q4. If you are a phytosanitary officer in Malawi, how will you proceed if the corn
shipment is labeled GMO-free?

17



Thank you ! \

For more information, please email

elkawyo@gmail.com

+201111561456 | (%)
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