Lecturer: Senior Lecturer, Department of Molecular Biz
and Genetics, PhD, Smekenov I.T. f
Subject: Genetic engineering

(Lecture 8)

Recombination of plant DNA.
Regulatory elements of the plant
genome.




Lecture Goal:
To understand plant recombinant DNA technology using crown gall plasmids,
focusing on the genetic engineering of plants and the regulatory elements of the

plant genome

Tasks:

1.Describe the role of crown gall plasmids (Ti plasmids) in plant genetic
engineering and their mechanism of action in transferring genes into plant

cells.

2.Discuss the techniques used in the genetic engineering of plants, including
the transformation methods and selection of transgenic plants.

3.Explain the regulatory elements of the plant genome that control gene
expression, including promoters, enhancers, and terminators.

Keywords: Plant recombinant DNA technology, crown gall plasmids, Ti
plasmids, genetic engineering of plants, plant transformation, transgenic
plants, requlatory elements, plant genome, promoters, enhancers,
terminators



Summary

1. Plant recombinant DNA technology

Techniques used to introduce, modify, or express foreign genes in
plants.

Enables creation of transgenic plants with improved traits
(resistance to pests, herbicides, or stress).

2. Crown gall plasmids and Ti plasmids

Crown gall plasmids (Agrobacterium tumefaciens) naturally transfer
part of their DNA (T-DNA) into plant genomes.

Ti plasmids (tumor-inducing) are engineered to carry desired genes
for plant transformation without causing tumors.

Serve as vectors for stable plant genetic transformation.
3. Genetic engineering of plants

Introduction of foreign genes into plant cells using Agrobacterium-
mediated transformation, biolistics, or CRISPR/Cas systems.

Allows expression of foreign genes under control of plant-specific
promoters.

4. Plant transformation

Process of delivering foreign DNA into plant cells, followed by
selection and regeneration into whole transgenic plants.

Achieved via tissue culture techniques combined with DNA
delivery systems.

5. Transgenic plants

Plants that contain and express foreign genes stably across
generations.

Exhibit desired phenotypes (e.g., pest resistance, improved yield,
altered metabolic pathways).

6. Regulatory elements of plant genome

Promoters: DNA sequences that initiate transcription; can be
constitutive (CaMV 35S) or tissue-specific.

Enhancers: Increase transcription efficiency; can act at a distance
from the gene.

Terminators: Signals for transcription termination and
polyadenylation.

Correct combination of regulatory elements ensures efficient
and controlled expression of introduced genes.




Key questions

1.
2.
3.
4.
5.
6.
1.

What are the main methods of plant genetic transformation?

How do crown gall plasmids and Ti plasmids function as vectors for plant recombinant DNA?
What distinguishes a transgenic plant from a genetically modified plant that is not transgenic?
What are the roles of promoters, enhancers, and terminators in plant gene expression?

Give examples of constitutive and tissue-specific promoters used in plant biotechnology.

How does Agrobacterium-mediated transformation differ from biolistic (gene gun) methods?

Why is stable integration of recombinant DNA into the plant genome important?



Genetic engineering can be used to introduce
specific traits into plants.
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* It is possible due to the fact that plants are totipotent, enabling
regeneration of a new plant from an isolated cell



Agricultural plants are one of the most frequently cited
examples of genetically modified organisms (GMOs).

* Some benefits of genetic engineering in agriculture are:

increased crop yields,

reduced costs for food or drug production,

reduced need for pesticides,

enhanced nutrient composition and food quality,

resistance to pests and disease,
- greater food security,
- medical benefits to the world's growing population.



Table 1: Examples of GMOs Resulting from Agricultural Biotechnology

Genetically Conferred Trait Example Organism Genetic Change
APPROVED COMMERCIAL PRODUCTS

Herbicide tolerance Soybean Glyphosate herbicide (Roundup) tolerance
conferred by expression of a glyphosate-tolerant
form of the plant enzyme 5-
enolpyruvylshikimate-3-phosphate synthase
(EPSPS) Isolated from the soil bacterium
Agrobacterium tumefaciens, strain CP4

Insect resistance Corm Resistance to insect pests, specifically the
European corn borer, through expression of the
insecticidal protein Cry1Ab from Bacillus
thuringiensis

Altered fatty acid composition Canola High laurate levels achieved by inserting the
gene for ACP thicesterase from the California
bay tree Umbeliularia californica

Virus resistance Plum Resistance to plum pox virus conferred by
insertion of a coat protein (CP) gene from the
virus



PRODUCTS STILL IN DEVELOPMENT

Vitamin ennchment

Vaccines

Cral vaccines

Faster maturation

Rice

Tobacco

lMaize

Coho salmon

Three genes for the manufaciure of beta-
carotene, a precursor to vitamin A, in the
endosperm of the rice prevent its removal (from
husks) during milling

Hepatitis B virus surface antigen (HBsAQ)
produced in transgenic tobacco induces immune
response when injected into mice

Fusion protein (F) from Newcastle disease virus
(NDV) expressed in com seeds induces an
immune response when fed to chickens

A type 1 growth hormone gene injected into
fertilized fish eggs results in 6.2% retention of
the vector at one year of age, as well as
significantly increased growth rates




Trait |. Bt (Bacillus thuringiensis) toxin

What does it do? It kills caterpillars (in most cases) that eat it (or
genetically engineered plants that contain it). Other insects,
including pollinators, are unaffected.

How does it work? Bacterial genes that result in production of a

protein harmful to insect cells are inserted into genes of the plant.

The plant cells now contain the toxic protein an

caterpillars that
feed on the plant will be killed.

Which crops have Bt toxin genes? Corn, cotton, and eggplant
(Bangladesh) (not all seed/plants are genetically modified).

Why was this trait introduced? Some of the most damafging pests
of these crops, typically requiring regular applications o

insecticides, are caterpillars. By making the plant toxic to the pest,
chemical insecticide applications can be reduced. This can reduce

harmful effects of pesticides on non-target organisms, handlers and

the environment while reducing costs.
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Trait Il. Resistance to papaya ringspot virus (PRSV).

« What does it do? 7ransgenic (genetically engineered)
papaya Is resistant to PRSV.

 How does it work? Genes from part of the virus itself have
been incorporated into the papaya genome to achieve
resistance.

« Which crops have PRSV resistance? Rainbow papaya.

« Why was this trait introduced? No other preventive or
curative options were available to protect papaya in Hawaii
from this disease. It is credited with saving the papaya
industry in Hawaii.




« Biopharming - the creation of plants capable of synthesizing medicinal proteins
* Model plants to study the action of target genes

Vaccine Antigens

Subunit vaccines, Peptide

vaccines, multicomponent
vaccines

Nutritional Components
Proteins, Amino acids, Vitamins,
Flavanoids, Minerals, Fatty acids,
Carbohydrates, Resveratrol etc.

Biodegradable

Plastics
Polyesters like PHA & PHB,
Starch based polymers

Therapeutic Proéucts Industrial Products
Antibodies, Growth factors, Research agents, Diagnostic proteins
Replacement proteins Enzymes for brewing, food,
Immune system stimulators textile, paper, detergents efc.
& Suppressants G

PLANT
BIOREACTORS




Metabolic engineering

Metabolic engineering is the design of plants with targeted changes in the metabolic
conversion of substrates into target products.
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1)
2)
3)
4)
S)

6)

Plants as the basis for eukaryotic gene expression

Plants - eukaryotes, genetics and physiology are well studied, genomes of
nlants of different classes are sequenced,;

Plants can be obtained in laboratory, greenhouse and field conditions
Genetic engineering technologies developed;

In plant cells, post-translational modifications are carried out adequately
to other eukaryotes, In contrast to bacteria;

Many plants are recognized as safe and are used for human consumption.
Therefore, the procedure for the approval of medicines is simplified,;
Binary vectors are used to work with plants: the main manipulations are
carried out in bacteria, and the final structures are transferred to plants;




Post-translational modifications

v Amino acid modifications: phosphorylation,
acetylation, acylation, carboxylation, etc.;

v" Glycosylation: proteins acquire stability,
attachment of the sugar residue to serine /
threonine / asparagine;

v" Proteolytic cleavage of precursor proteins;

v The formation of disulfide bonds is catalyzed by
the enzyme protein disulfide isomerase, the
Incorrectly folded protein is unstable and
Inactive,

\ Methylation

Phosphorylation




Promoters

For plants, constitutive and inducible are used as strong promoters:

Constitutive promoters

For dicotyledonous plants:

* 35S promoter of cauliflower mosaic virus (CaMV);

* nos-promoter of agrobacterium nopaline synthase gene.

For monocotyledonous plants:

» the promoter of the corn alcohol dehydrogenase gene (Adh);
* rice actin gene promoter (Act).

Inducible promoters

Activated under certain conditions:
* temperature

* lighting

* concentration of phytohormones
» mechanical stress — injury

» treatment of plants with elicitors

If the induction of the expression of the target gene occurs when the
plants are cut, then the gene product accumulates in the harvested
biomass: until the harvesting stage, transgenic plants can be grown as
normal



STAGES OF OBTAINING TRANSGENIC PLANTS

» Stage 1 - selection of the target gene and the method of its cloning;
» Stage 2 - selection of the genotype of the recipient plant;
« Stage 3 - creation of a construct containing the target gene;

» Stage 4 - transfer of the vector molecule into the genome of the recipient plante 5 stage - selection of transgenic plants;

Transformation of
Forest Trees
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Inclusion of reporter genes:
Serve for the identification of transgenic plants

Replacing marker genes with reporter genes
eliminates the risk to the environment and human

health

Reporter genes encode proteins that are neutral for
cells and are easy to test for in tissues

Reporter genes:

B-glucuronidase (GUS) - hydrolyzes glucuronides,
tissues are colored blue when using a substrate
areen fluorescent protein (GFP) - able to fluoresce
when exposed to UV

luciferase (LUC) - causes the clones to glow




GFP expression in transgenic plants infected with TYLCSV or TYLCV.
Tomato yellow leaf curl Sardinia virus /




Methods for delivering foreign DNA
to plants

Vector (indirect) delivery:
v Agrobacterial transformation
v" Viral delivery

Drop shipping:

v" Bioballistics

v Somatic hybridization method
v Microinjection

v" Electroporation




Somatic hybridization method

The process of fusion of protoplasts isolated from somatic cells of two
different plant species/cultivars to regenerate hybrid plants

is called as Somatic hybridization.
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Microinjection
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Holding pipette Suction

Injection needle

Host Cell

Precise technique
Definition —<
Introduces genetic material into cells

Oirect delivery of genetic material
Principte -—<
Use of micropipette and micromanipulator

Prepare the micropipetie
Set up the Microscope
Prepare the cells
Stabilize target cell
Steps
Mount micropigette on micromanipulator
Approach the cell
Insert and inject
Withdraw mucropipette

Microinjection ————— aApplications

\

Disadvantages

Tranmsgenic acwimals production
Creation of chumeric animals

In vitro fertilization (IVF)

Somatic cell nuclear tramsfer (SCNT)
Human embryo resesarch

Neuroscience applications

No need for selection markers

\ //— Precision in delivery
N~ Advantages ~ Easy identification of ingected cells

\\k Less protein preparation required
A

- Gentler on cells

Requires vetucle controls

Technical expertise needed
Popularsty of alternative technigues
Time and Lador intensive

Limitled scalatlaty

Not sultabie for Large cell mumbers

Challenges with certain proteins



Electroporation

Cell membrane
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Electric field Electric field

An electrical pulse Plasmids enter
is applied, causing Il the cells through
pores to form the pores
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Pores seal with
the plasmid inside
transformed cells




pulse power supply

L —— cuvette

_— electrodes

electrical contacts

cells in suspension
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Electric field induces a
voltage across cell membrane
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' 1,500 g 4 days
4 min In the dark
Cells grown in 2 ml NS-IMK
Cells grown in 20 ml NS-IMK 1,500 g
Gene Pulser Xcell AR
electroporation system
(Bio-Rad) Resuspension
100 pl g
) A
+ 1.9 ml NS-IMK - !
0.2cm
In the dark cuvette

After Pulse

Cell "heals" with
gene/ drug inside
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