Application of biotechnology in plant disease management

In modern terms “biotechnology” is defined as the manipulation, genetic modification and
multiplication of living organisms through novel technologies, such as tissue culture and genetic
engineering, resulting in the production of improved or new organisms and products that can be
used in a variety of ways.

Plant biotechnology is used for rapid clonal propagation of plants. It can help to produce industrial
plant products under tissue culture conditions. Biotechnological methods are employed to control
important plant diseases which are not amenable to control by usual methods.

Cell and tissue culture

Tissue culture approach is one of the oldest technique in the field of molecular biology and it is

applied in several ways for the development of disease resistance varieties in agriculture.

a. Somaclonal Variation

In the past two decades, several advances have been made in culturing of isolated plant cells and
tissue under controlled conditions. When plants are regenerated from cultured cells, they exhibit
new phenotypes, sometimes at high frequencies. If these are heritable and affecting desirable traits,

such "somaclonal variation" can be incorporated into regular breeding programs.

b. Anther culture

In this method, the plants are produced directly from microspores (immature pollen grains).
Through anther or microspore culture, one has immediate access to unique and rare combinations
of genes representing the recombination of the genetic material contributed by the parents of the
cross. Through anther culture, followed by chromosome doubling, such gene combinations can be
fixed in their homozygous state as instant inbreeds in a single step. Over the past two decades,
anther culture has become widely accepted as a tool in cultivar development. This technique can
be particularly useful for producing plants with novel combinations of resistance genes for

managing fungal diseases.



c. Protoplasmic fusion

This generates hybrid cells by merging the total cellular components of somatic cells from which
the cell walls have been removed to produce protoplasts. The incompatibility preventing sexual
fertilization between species is thus avoided and viable hybrids have been created, even between
unrelated distance species. Disease resistance genes have been transferred by protoplasts fusion

from wild species into potato.

d. Meristem or shoot tip culture

Meristem and shoot tip culture are used to eliminate virus from infected germplasm. It has been
observed that the rapidly growing meristems of plants are usually free of viruses, or at least have
much lower concentration of viruses than non-meristem cells. This situation has been exploited for
the production of virus-free plants by meristem culture. It is commonly used in cassava, potato,

sweet potato and ornamental plants.

Pathogen attack does not always lead to death of the plant. Many viruses may not even show visible
symptoms. However, the presence of viruses in the plants can reduce the yield and quality of crops.
It is well known that the distribution of viruses in plants is uneven. In infected plants, the apical

meristems are generally either free or carry a very low concentration of the viruses.

Five main possibilities have been suggested to explain the resistance mechanisms of meristems to

viruses.

(i)  Exclusion of the viruses from the meristems by lack of suitable vascular or plasmodesmatal

connections.
(i)  Competition for key metabolites by the rapidly dividing meristem cells.
(ili)  The production of substances in meristem cells that result in breakdown of the virus.
(iv)  Deficiency in some key components of the machinery of virus replication, and

(v)  Presence of inhibitors of virus replication.



Genetic engineering

Genetic Engineering is the technology by which a particular gene is isolated from one organism and
inserted into the genome of another organism and made to express at the right time.

Defense related genes
a. Single gene defense mechanism

There are some defense proteins which do not require any intermediate step both for their synthesis
and their expression require only few steps and those genes encoding such proteins are called single
gene defense mechanism. Chitinases and glucanases are those proteins belonging to single gene
defense mechanism.

Activities of Chitinases:

Chitinases are abundant proteins found in wide variety of plants. Although the physiological
function of chitinases is not known, there is strong correlative evidence that they are defense
proteins with antifungal activity. Chitin is a major structural component of cell walls of many fungi.
The low constitutive activity of chitinase found in many plants can be dramatically induced by
wounding or by infection of the tissue with fungal pathogens. Chitinase in concrete with B-1, 3
glucanase (capable of degrading glucans present in fungal cell wall), degrades fungal cell walls and
inhibits fungal growth at hyphal tips and has been shown to associate with hyphal walls in plants.

b. Multigenic defense mechanism

Defense responses such as phytoalexin biosynthesis or lignin deposition in the cell wall require the
action of many genes.



