Gene Transfer Methods in plant

Method

Salien! features

I. Vector-mediated gene transfer
Agrobactenum (Ti plasmid)-mediated gene transfer
Plant viral vectors

Il. Direct or vectorless DNA transfer

(A) Physical methods
Electroporation

Microprojectile (particle bombardment)
Microinjection

Liposome fusion

Silicon carbide fibres

(B} Chemical nwmnds_
Polyethylene glycol {PEG)-mediated

Digthylamingethyl {DEAE) dextran-mediated

Very efficient, but limited to a selected group of planis

Ineffective method, hence nol widely used

Mostly confined 1o profopiasts that can be regenerated to
viable planis. Many cereal crops developed.

Very successiul method used for a wide range of plants/
tissues. Risk of gene rearrangement high.

Limited use since only ene cell can be microinjected al a
time. Technical personnel should be highly skilled.

Confined to protoplasts that can be regeneraled into viable
whole plants,

Requires regenerable cell suspensions. The fibres, however,
require careful handling.

Confined to protoplasts. Regeneration of ferlile plants is
frequently problematical,

Does not result in stable translormants.




Method # I. Vector-Mediated Gene Transfer:
Vector-mediated gene transfer is carried out either by Agrobacterium-mediated
transformation

Agrobacterium-a self styled natural genetic engineer

A. tumeifaciens , A. rhizogenes A. vitis are 3 gram negative soil bacteria often
found near the soil level

A. Tumeifaciens : causes crown gal disease

A. rhizogenes : causes hairy root disease




Agrobacterium tumefaciens is a soil-borne, Gram-negative bacterium. It is
rod shaped and motile, and belongs to the bacterial family of Rhizobiaceae.

A. tumefaciens is a phytopathogen, and is treated as the nature’s most
effective plant genetic engineer.

As A. tumefaciens infects wounded or damaged plant tissues, in induces the
formation of a plant tumor called crown gall. The entry of the bacterium into
the plant tissues is facilitated by the release of certain phenolic compounds
(acetosyringone, hydroxyacetosyringone) by the wounded sites.

Crown gall formation occurs when the bacterium releases its Ti plasmid
(tumor- inducing plasmid) into the plant cell cytoplasm. A fragment
(segment) of Ti plasmid, referred to as T-DNA, is actually transferred from
the bacterium into the host where it gets integrated into the plant cell
chromosome (i.e. host genome). Thus, crown gall disease is a naturally
evolved genetic engineering process.



Organization of Ti plasmid:

The Ti plasmids (approximate size 200 kb each) exist as independent
replicating circular DNA molecules within the Agrobacterium cells.

The T-DNA (transfer DNA) is variable in length in the range of 12 to 24 kb,
which depends on the bacterial strain from which Ti plasmids come.

Nopaline strains of Ti plasmid have one T-DNA with length of 20 kb while
octopine strains have two T-DNA regions referred to as T, and T;that are
respectively 14 kb and 7 kb in length.



1. T-DNA region:

This region has the genes for the biosynthesis of auxin (aux), cytokinin (cyt) and opine
(ocs), and is flanked by left and right borders. These three genes-aux, cyto and ocs are
referred to as oncogenes, as they are the determinants of the tumor phenotype.

T-DNA borders — A set of 24 kb sequences present on either side (right and left) of T-
DNA are also transferred to the plant cells.

2. Virulence region:

The genes responsible for the transfer of T-DNA into the host plant are located outside T-
DNA and the region is referred to as vir or virulence region. Vir region codes for proteins
involved in T-DNA transfer. At least nine vir-gene operons have been identified. These
include vir A, vir G, vir B,, vir C;, vir D,, D, and D,, and vir E;, and E,.

3. Opine catabolism region:
This region codes for proteins involved in the uptake and metabolisms of opines.

Besides the above three, there is ori region that is responsible for the origin of DNA
replication which permits the Ti plasmid to be stably maintained in A. tumefaciens.

The growth hormones cause plant cells to proliferate and form the gall while opines
and agropines are utilized by A. tumefaciens as sources of carbon and energy.
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ORGANISATION OF Vir REGION

Vir region contains 8 operons (VirA,B,C,D,E,F ,G &H) which together have 25
genes.

Vir region mediates transfer of T-DNA into plant genome. It is itself not transferred.
VirA and Vir G are constitutive operons encoding Vir A and VirG Proteins.

Other Vir operons encode various proteins involved in T-DNA transfer
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These vectors are mainly composed of the following
components:

1. The right border sequence of T-DNA which is absolutely required for
T-DNA integration into plant cell DNA.

2. A multiple cloning site (poly-linker DNA) that promotes the insertion
of cloned gene into the region between T-DNA borders.

3. An origin of DNA replication that allows the plasmids to multiply in E.
coli.

4. A selectable marker gene (e.g. neomycin phosphotransferase) for

appropriate selection of the transformed cells.



Co-integrate vector:

In the co-integrate vector system, the disarmed and modified Ti plasmid combines with
an intermediate cloning vector to produce a recombinant Ti plasmid

Fig. 49.5 : Cointegrate veclor system (vir-Ti plasmid virulence region; pBR322-Bacterial plasmid 322; LB-Left
border; RB-Right border; MCS-Multiple cloning site; PTM-Plant transformation marker; RES-Bacterial resistance
marker; col E,-Origin of a replication from col E, plasmid; ori T-Origin of transfer site for
conjugative plasmid mobilization).




Binary vector:

The binary vector system consists of an Agrobacterium strain along with a disarmed Ti
plasmid called vir helper plasmid (the entire T-DNA region including borders deleted
while vir gene is retained). It may be noted that both of them are not physically linked
(or integrated). A binary vector with T-DNA can replicate in E. coli and Agrobacterium.
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Fig. 49.6 : Binary veclor system (vir-Ti plasmid virulence region; LB-Left border; RB-Right border; MCS-Multiple
cloning site; PTM-Plant transformation marker; RES-Bacierial resistance marker; oriT-Origin of transter site for
conjugative plasmid mobilization; RK,-Origin of replication from plasmid).
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Plant Transformation Technique Using Agrobacterium

1. Development of Agrobacterium carrying the co-integrate or binary vector
with the desired gene.

2. ldentification of a suitable explant e.g. cells, protoplasts, tissues, calluses,
organs.

3. Co-culture of explants with Agrobacterium.

4. Killing of Agrobacterium with a suitable antibiotic without harming the plant
tissue.

5. Selection of transformed plant cells.

6. Regeneration of whole plants.



Methods of Gene Transfer
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Selectable marker

hptll gene codes for hygromycin phosphotransferase (HPT) enzyme

Nptll (neomycin phosphotransferase)gene resistance to kanamycin in bacteria and
geneticin in eukaryotes.

bar gene confers resistance to phosphinothricinin plants.

Pmi gene(derived from E. coli) coding for phosphomannose isomerase enzyme

Diagram of the PMI System:
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Screening marker

GUS Assay

GUS assay is a simple method for detection oftransformed cell without needing any
complicated equipment. B-glucuronidase, an enzyme from the bacterium
Escherichia coli is utilized in this technique. This enzyme can transform colorless or
non-fluorescent substrates into coloured (Blue) after Histochemical gus staining




Green fluorescent protein (GFP)

Luciferase

Production and emission of light by a living organism is known as Bioluminescence.
Luciferases are enzymes which emit light.
Expression of the luciferase (LUC) gene

Glowing tobacco transformed with firefly
luciferase gene.




Screening of tranformants by PCR analysis
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Inserted T-DNA
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