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Rhizobiaceae. A. tumefaciens is a phytopathogen,
and is treated as the nature’s most effective plant
genetic engineer. Some workers consider this
bacterium as the natural expert of interkingdom
gene transfer. In fact, the major credit for the
development of plant transformation techniques
goes to the natural unique capability of A.
tumefaciens. Thus, this bacterium is the most
beloved by plant biotechnologists.

There are mainly two species of Agrobacterium
* A. tumefaciens that induces crown gall disease.
* A. rhizogenes that induces hairy mdim
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gall disease is a naturally evolved genetic
engineering process.

The T-DNA carries genes that code for proteins
involved in the biosynthesis of growth hormones
(auxin and cytokinin) and novel plant metabolites
namely opines — amino acid derivatives and
agropines — sugar derivatives (Fig. 49.2) 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. As such, opines and agropines are noy
normally part of the plant metabolism (neither
produced nor metabolised). Thus, A. tumefaciens
genetically transforms plant cells and creates 3

biosynthetic machinery to produce nutrients for its
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Fig. 49.4 : A diagrammatic representation of T-DNA transfer and its
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2. Attachment of Agrobacterium to plant
cells : The Agrobacterium attaches to plant cells
through polysaccharides, particularly cellulose
fibres produced by the bacterium. Several
chromosomal virulence (chv) genes responsible for

the attachment of bacterial cells to plant cells have
been identified.

3. Production of virulence proteins : As the
signal induction occurs in the Agrobacterium cells
attached to plant cells, a series of events take place
that result in the production of virulence proteins.
To start with, signal induction by pheno i
stimulates vir A which in turn activa oy
phosphorylation) vir G. This induces ex
virulence genes of Ti

ing virulence |

production .single-stranded T-DNA (ss DNA), its

protection and export to plant cells. The ss T-DNA
gets attached to vir D,.

3. Transfer of T-DNA out of Agrobacterium :
The ss T-DNA — vir D, complex in association

- with vir G is exported from the bacterial cell. Vir8

products form the transport apparatus.
_ 6. Transfer of T-DNA into plant cells and
integration : The T-DNA-vir D, complex crosses
plasma membrane.. In the plant cells
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These ;:t inducing) are of different types. Some of the
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instead of VirulenFe genes, Ri plasmids contain
Jies of open reading frames on the T-DNA. The
azjuds of these genes are involved in the
r,:el.;boliim of plant growth regulators which gets
ensetized 10 auxin and leads to root formation

vectors of A. rhizogenes

As it is done with A tumefaciens, vectors can be
constructed by using A. rhizogenes. These vectors
are alternate strategies for gene transfer, However,
employment of A. rhizogene-based vectors for plant
iransformation is not common since more efficient

systems of A. tumefaciens have been developed.

Importance of hairy roots

Hairy roots can be cultured in vitro, and thus
are important in plant biotechnology. Hairy root
systems are useful for the production of secondary
metabolites, particularly pharmaceutical proteins.

Ti PLASMID-DERIVED
VECTOR SYSTEMS

The ability of Ti plasmid of Agrobacterium to
genetically transform plants has been described. It
is possible to insert a desired DNA sequence (gene)
into the T-DNA region (of Ti plasmid), and then use
A. tumefaciens to deliver this gene(s) into the
genome of plant cell. In this process, Ti plasmids
Serve as natural vectors. However, there are several

limitations to use Ti plasmids directly as cloning
vectors.

* Ti plasmids are large in size (200-800 kb).
aller vectors are preferred for recombinant
“Xperiments. For this reason, large segments of
ONA of Ti plasmid, not essential for cloning,
Must be removed.
* Absence of unj
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Cnnmdering the above limitations, Ti plasmid-
based vectors with suitable modifications have
been Constructed. These vectors
composed of the following componen

1. The right border sequence of T-DNA which

is absolutely required for T-DNA integration into
plant cell DNA,

are  mainly
ts.

2. A multiple cloning site (polylinker QNA) 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 £. coli.

4. A selectable marker gene (e.g. neomycin

phosphotransferase) for appropriate selection of the
transformed cells,

Two types of Ti plasmid-derived vectors are used
for genetic transformation of plants— cointegrate
vectors and binary vectors.

Cointegrate vector

In the cointegrate vector system, the disarmed
and modified Ti plasmid combines with an
intermediate cloning vector to produce a
recombinant Ti plasmid (Fig. 49.5).

Production of disarmed Ti plasmid : The
T-DNA genes for hormone biosynthesis are
removed (disarmed). In place of the deleted DNA,
a bacterial plasmid (pBR322) DNA sequence is
incorporated, This disarmed piasmid_, also referred
to as receptor plasmid, has the basic structure of
T-DNA (right and left borders, virulence genes etc.)
necessary to transfer the plant cells.




