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FOREWORD

Biotic stress causes serious loss to the production of crops. Early
diagnosis of the pathogen is essential to manage the biotic stress caused by
pathogens. Since lack of accurate diagnosis leads to unacceptable, heavy
crop losses and waste of precious resources, 1t demands for rapid and reliable
techniques to detect the plant diseases well on time to adopt effective
management strategies. There is an increasing use of molecular tools for
genetic mapping of microorganisms to understand the pathogenic forms.
This is used as deeision support system for the management of diseases.
New diagnostics and detection methods are being appreciated for the
diagnosis, prevention, and management of plant diseases. Many of these
developments have taken place mainly in a decade which has enhanced
the capability for carly and accurate diagnosis of biotic stresses.

In the above context, the three week ICAR sponsored training on
‘Diagnostics and molecular characterization of pathogens of horticultural
crops and their biocontrol organisms’ was organized at IISR, Calicut, which
had participation of scientists and teachers from different parts of the
country. Based on the training a manual has been prepared which contains
the information on the tools and technologies and is considered to be a
useful compilation. [ am sure this manual will serve as a useful tool for
understanding the diagnostics. [ compliment the editors for compiling this

useful information together.
ol

(fI.P. Singh)






PREFACE

Biotechnology has given us new tools to improve food sccurity and reduce
poverty. Recent breakthroughs in biotechnology have led to rapid progress in our
understanding of living organisms, both beneficial and pests of erops. Agriculture
to be suceessful, a comprehensive knowledge of the fauna and flora is essential. A
better understanding of microorganisms is made possible with increasing usc of
molecular tools. The three weeks' ICAR sponsored training on 'Diagnostics and
Molecular Characterization of pathogens of Horticultural Crops and Their
Biocontrol Organisms' was organized at Indian Institute of Spices Rescarch. Calicut
with this objective. This winter school was attended by twenty one participants
selected from various JCAR institutes and agricultural universities. To give more
impetus to the above theme, the lecturcs delivered during this training programme
are compiled and brought out as an edited publication titled 'Plant Pathogens and
Their Biocontrol Agents - Diagnostics and Characterization'. By bringing out the
training manual as a printed publication, the message is rcaching out to a wider
audience, We feel that this will be a handy resource to the plant protection students
and scicntists of the country who still rely on traditional methods to deal with
these organisms.

This book is divided into five sections. The first section is a general one
comprising of two chapters devoted to recent developments in Biotechnology and
Bioinformatics in the perspective of a plant protection scientist. The next scction
comprises of chapters deseribing gencral methodologies and protocols useful for
rescarch on plant pathogens and biocontrol agents. Section III includes seven
chapters pertaining to molecular characterization. Biological, biochemical and
molecular approaches employed for characterization are discussed here. Various
cutting cdge techniques useful for detection and diagnostics are dealt with in Section
IV. Thesc include PCR based methods and applications based on serology, genomics
and proteomics. There is an exclusive chapter on plant quarantine in this section.
The last section is on biological control of plant discases and insccts.

We believe that there is a strong nced for an introductory book on diagnostics
and molecular characterization that provides detailed coverage of both the basic
and applied aspects of biotechnology tools. This book is written primarily for
crop protection scientists and students. We sincerely hope that the information
contained in this volume must be of use for sharpening their skills. We are indebted
to Dr Mangalarai, Director General, Dr. S. P. Tiwari, DDG (Eda.), ICAR, New
Delhi for sanctioning the above training programme. We wish to thank Dr. H. P.
Singh, konourable DDG (Hort.), ICAR, New Delhi for his kecn interest in this
programme and for writing the foreword for this publication. The cfforts of all the
resource persons who contributed chapters are thankfully acknowledged. We are
deeply indebted to Director, ISR, Calicut for all the encouragement and support
in this venture.

- Editors
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1

Biotechnological approaches for plant disease
diagnostics and management

S Prakash Naik

Existence of human civilization is dependent on plants. Plants, like
animals, are continuously exposed to various pathogens. It has been
estimated that upto 40% of plant productivity in Africa and Asia, and about
200% in the developed world is lost to pests and pathogens. Approximately,
one third of the losses are due to fungal, viral and bacterial pathogens, and
the remainder is due to insects and nematodes. As evidenced by outbreaks
of late blight of potato, victoria blight of oats and southern leaf blight of
com, the threats of serious epiphytotics still persist today. In addition to
causing food shortages, diseased plants can also directly affect the health
of human and livestock. One notable example is ergot poising resulting
from toxins in the fruiting bodies of the fungus Claviceps purpurea, which
can contaminate rye flour causing frightening syndrome typified by
hallucinations, buming sensations, miscamages, gangrene and in severe
cases death. These concemns call for concerted efforts for diagnosis and
eco-friendly management of important diseases in major food crops. Disease
diagnostics has traveled a long way during last few decades starting from
biodiagnostics to serodiagnostics, immunodiagnostics, monoclonal
antibodies, recombinant antibodies, nucleodiagnosis, RT-PCR etc. However,
large scale adoption of these sensitive techniques will depend upon
development of affordable protocols in futurc.

Plants have evolved their own defense systems to combat against
disease causing pathogens. During the course of a long-drawn coevolution
of plants and pathogens, pathogens havc developed means to circumvent
defensive barriers elaborated by the plant to prevent infection for successful
colonization on a particular host. Once such barriers are breached, the
Susceptible host plants are then subjected to selection pressures to develop
Counter measures that block invasion by the pathogens. These dynamic and
Ongoing evolutionary battles have resulted in the ramification of highly
Specific and extremely sophisticated attack strategies by the pathogens and
¢qually elaborate defense responses by the host plants. Knowledge about
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the molecular mechanisms of these processcs is exploding during the past
few years and researchers are coming to a better understanding of the
phenomenac. The challenge now is to utilize this knowledge with rational
integration of plant’s responscs during plant-microbc interactions. Advent
of newer molccular tools has given researchers a new ability to undertake
plethora of studies in this endcavour. Cloning and characterization of discase
resistance genes and identification of key regulatory genes in plant defense .
have ushered in a new horizon of prospects. Molecular fnarkers hold promise
in delincating the novel resistance genes and quantitative trait loci (QTL) at
specific chromosomal locations. Novel genes across the species barriers
are being introduced to crcate resistant transgenics through genetic

engineering.
Molecular diagnostics

Biodiagnosis using indicator plants and scrodiagnosis through
serological agglutination are old yet cffcetive tests for viruses occurring in
high concentration. During the last few decades several novel diagnostic

techniques with incrcased sensitivity have been developed (Please sce review
by Khurana & Garg 1993). Some of these are briefly described in Table 1.

Table 1. Some of the modern sensitive pathogen detection techniques

Enzyme Linked Enzyme-linked inmunosorbent assay (ELISA) is a
Immunosorbent Assay very sensitive test that determines the presence of
(ELISA) an antigen (c.g. a plant virus) by mecans of an

enzymatic reaction. It is based on the fact that a-
globulin can be linked to an cnzyme without losing
its immunological propertics and enzyme activity.
Usually 3-globulin 1s first bound to the solid phasc
(polystyrene plate or cven nitrocellulose membrane)
on which the sample is ‘trapped’, i.e. by an antibody
linked with an enzyme. It is suitable for testing a
large number of samples at a time without requiring
large quantities of expensive antisera and chemicals.
Commercial ELISA ‘kits’ for diflerent viruscs are
available now.

Indirect-ELISA When cnzyme is linked to the antibody (primary
antibody) for ELISA, the test is termed as * Direct
ELISA’, but ifit is linked to another molceule, which
detects the primary antibody, the test is called
‘Indirect ELISA’. It is advantagcous employing two

4
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DAS-ELISA

DOT-ELISA (dot
immurnobinding
ELISA)

Radio-
immunosorbent
assay (RIA)

specics of an-tibodies, i.c. coating antibody is from
one animal species (c.g. shecp, goat and chicken)
while the sccond antibody is from another animal
species (e.g., rabbit) or vice-versa to reducce the
background signals and amplify the positive
rcactions. It also helps in cstablishing serological
relationship among diverse strains of the same virus
or betwcen different viruses.

Double antibody sandwich-ELISA protocol,
developed in 1977 has been widely adopted with
minor variations, This technique 1s about 4- 10 timces
sensitive than other detection/tests for potato viruses
X and S.

This 15 similar to standard das-ELISA cxcept that it
employs nylon or nitro-cellulose membranes in
place of microtitre plate. Other types of membrancs
used in dot-ELIS A include polyvinylidine difluonide
(PVDF) mcembrane or diazobenzyloxymethyl
{DBM) or diazophenylthiocther (DPT) modificd
cellulose papers with the ability to trap negatively
charged proteins. The technique is sensitive, quick
and handy for field-testing and can be used even if
spotted membranes need to be mailed to somc
laboratory for probing. The developed membrancs
can also be doed for showing the results later or
stored as ‘records’. A rapid ficld dot-ELISA version
is commercially available now as Spot Check’™
from ADGEN, UK.

A modified form of ELISA cmploying '*°I labelled
IgG as the sccond antibody, which 1s donc in
microtitre plates like ELISA and das-ELISA except
that the bound lfabeiled antibody is cluted by
acidification for quantification of bound ‘*I. The
radioactivity mcasured is proportional ta the amount
of virus in the sample. It is more sensitive than the
standard das-ELISA and has lcast variability in
results. But due to hazards of radioisotopes, RIA is
not commonly used in plant virology.
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Enzyme Linked
Fluorescent Assay
(ELFA)

Recombinant
Antibody ELISA
(R-Ab-ELISA)

1 Agents Diagnostics and Characterization

This is a modification of ELISA where the substrate
is replaced with a chemical, which yields a
fluorescent product that can be read with a
fluorimeter. The assay enhances dctection of several
antigens and involves use of highly specific
antibodies against the targct antigen. Normally for
plant viruses using alkaline phosphatase based
ELISA the substrate employed 1s 4-
methyumbelliferyl phosphate (MUP). The solid
phase used is either frosted polystyrene beads of 3
to 6 mm dia or Immulon [ or Immulon II plates.
Another variant of ELFA known as timc-resolved
fluoroimmuno assay is 50-100 times sensitive than
standard ELISA. It is possible to detect cven PLRV
in single aphid. Micro-das ELISA and magnetic
microsphere based ELISA are now available to
economise on antibody/conjugate, incubation time
and labour yet maintaining high sensitivity of the
test. Protein-A sandwich-ELISA (PAS-ELISA) and
In-direct avidin-biotin complex-ELISA (indirect
ABC-ELISA) are also important versions developed
to have enhanced sensitivity of assays.
Commercially available or custom-made kits of
these two types have made them popular world over
especially in laboratories related to virus resistance
breeding.

This is the latest serodiagnostic technique utilising
the bacterially expressed recombinant antibodies as
fragments of variable heavy and light chains of
antibodies (scFv). After selection of the specific
scFv, recombinant scFv fused with different
proteins, including alkaline phosphatase (AP) with
a greater enzyme activity can be produced for use
in ELISA. It is useful in cases of viruses where
polyclonal antibody production is not easy. The
major advantage of R-Ab is the indefinite storability
of the scFv encoding DNA and production of
uniform quality antisera within 2-4 weeks through
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Immunosorbent
Electron Microscopy
(ISEM)

ISEM through
Immunogold
Labelling

Monoclonal
Antibodies

culture of Escherichia coli in an economical manner
as against expensive specialized animal cell cultures
needing ultra-freezing facilities essential for
monoclonal antibody production.

This technique was first described in 1973, It is a
highly sensitive method for virus detection and is
either at par or better than ELISA. Plant virus
diagnosis through ISEM can be carried out by any
one or more of the following methods (i)
immunosorption {ii) decoration and (iii) clumping.
ISEM was observed to be 100 times more sensitive
than the conventional leaf dip elcctron microscopy
for detection of PLRV. A simpler technique
involving antibody clumped viriens trapped on to
protein A treated grids (called Protcin A Linked
Immunoelectron Microscopy or PALEM) for
detecting PLRV was also standardized at the Central
Potato Research Institute, Shimla.

Colloidal gold particles are electron opaque and thus
act as very good markers when conjugated with
antibodies. Antibody labelled gold particles are
particularly useful when (i) a specific virus is to be
identified in a mixture of viruses or (ii) when defined
virus-particles fail to form (as in the case of defective
tomato spotted wilt virus isolates) and only
nucleoprotein aggregates occur in the host cell.
Even more than one type of virus in a mixture can
be identified by using a mixture of gold particles of
diffcrent size coated with different viral antibodies.
Antibody coated gold particles are also used to
detect viral antigens in situ within the virus-infected
host cells. Colloidal gold particles of wide range of
sizes (from about Snm to over 50 nm) can be easily
prepared.

are highly epitope specific and have been used
extensively to differentiate strains of a viruses
especially for epiphytotic studies and/or to
determine the profile(s) of virus{es) infecting a
particular crop variety in any area. They also check

7




| Plant Pathogens and Thewr Bioconirol

Nucleodiagnosis
or Molecular
Indexing

! Agents Diagnostics and Characterization

or reducc the background in ELISA and help
maintain an uncnding supply of specific antibodics
which mnay be uscd cither singly or in combination(s)
as required.

Detection of nucleic acids of the infectious agents
is possible through hybridization tests. [t is done
by spotting thcm on to a nitrocellulose membrane
followed by hybridization with the labelled probes,
‘tailorcd” specifically against targeted pathogen.
Nucleic Acid Spot Hybiridization (NASH): Viroids
lack a protein coat and hence can not be detected
by mmmunological technigues. The nucleic acid
hybridization is based on recassociation of two
homologous complementary strands of nucleic acids
to fonn a double stranded DNA or RNA and their
detection. In all such cases, a single stranded nucleic
acid probe which has been labelled either with a
radioisotope(*-P or ¥8) or affinity tags (biotin), is
‘hybridized” with homologous sequences which can
be visualized and quantified. Ievclopment of the
NASH test for viroid was the result of continued
investigations on the molecular nature/mechanism
of viroid replication and pathogcncsis. Since its
initial report in 1981, practical diagnostic NASH
procedure for PSTVd has undergone scveral
modifications, especially the substitu-tion of single
stranded complementary RNA probes with double
stranded ¢cDNA probes. Use of the RN A probes help
avoid non-specific binding of the probe to the
nitrocellulose membrane, through a simple post
hybridization incubation with pancreatic RNase.
The “cold’ or non-radicactive (biotin-l1abellcd)
nucleie acid probes have longer shelf life, low cost
and safety in use but the samples need to be purified
by phenol extraction and their sensitivity in practice
is not much greater than that of ELISA. One can
detect as low as 1pg DNA per sample spot. The
nucleic acid probes were also applied for deteetion
of other viruses having coat protein. Nucleic acid
probes hold great promise for detection of low
concentration of virus infections in plants/tissues

8
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Polymerase Chain
Reaction

Immuno-Capture
Reverse
Franscdptasc

Polymerase Chain
Reaction

(IC-RT-PCRY):
-_\_—‘_‘—‘—'|—

below the limits of scrological detection. A number
of PVX strains/serotypes have been found to have
dif-ferences in specificity of hybridization because
of differences in their coat protein structure. These
can also help in understanding the molecular
mechanism invelved in the breaking of PVX
resistance in hybrids due to PVX-"2 strain or for
the virus{es) that are either difficult to purify or
poorly antigenic, Multiplex deteetion is also possible
using this technique.

The polymcrase chain reaction (PCR) has the abiiity
to amplify a specific DNA fragment or cDNA
transcript in an impure mixture by means of a simple
automated reaction. It is possible to amplify specific
DXNA sequences measuring 50 bp to over 10,000
bp in length in an automated DNA thcrmal
cycler.PCR has been able to get nd of the comnmon
limitations or disadvantages of NASH methods yet
aflowing casicr testing, starting from very small
sample quantities, cnhanced sensitivity and easy
interpretation of the results. RNA can also be used
as a template for amplification following the
synthesis of complementary eDNA using reverse
transcriptase. The amplified DNA is deteeted by
procedurces such as staining with ethidium bromide
or silver nitrate afier agarosc or polyacrylamide gel
clectrophoresis or by hybridisation with labeted
probes. This ean be effectively used for multi-virus
or multi-strain detection in a single test. PCR has
proved useful in the identification and diagnosis of
scveral viroids, viruses, and mycoplasma-like
organisms directly from nucleic acid extracts of
infected hosts. The technique can also be used for
detection of bacterial/fungal pathogens.

This is the latest, hiphly scnsitive and most reliable
detcction test making usc of specific antibodies to
first capturc the virions and then detection through
RT-PCR. It is particularly suitable for detection in
casc of extremely low virus titre in the host.
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In fact, RT-PCR, IC-RT-PCR and R-Ab-ELISA are the futurc
alternatives to the common serological tests. They may be adopted routinely
provided simple yet affordable protocols are developed in near future.

Mechanism of plant disease resistance

The range of phytopathogenic organisms that attack plants is diverse
and each has a unique mode of pathogenicity. Despite the vast array of
pathogens, resistance is the rule and susceptibility is the exception. The
majority of potential pathogens are stopped before they infect, while,
majority of them simply can not start their lifecycles on most plants. When
the pathogen is in principle capable of initiating infection, plants have at
least two sets of genetically defined overlapping defense modes that they
can deploy. These responses reduce the range of plants that pathogen can
infect. The first is an inducible defense system (host-resistance) that results
from race specific pathogen recognition by the prodact of a dominant or
semi-dominant plant resistance (R) gene with a product derived from the
corresponding dominant pathogen avirulence {Avr) gene (Dangl & Jones
2001). The second is a basal defense system that limits the growth of virulent
pathogens ~ called general defense system or non-host resistance {Heath
2000). A thorough understanding of molecular mechanisms of plant discase
resistance is pre-requisite for any manipulation of this economically
important trait. An overview of resistance mechanisms with special emphasis
on resistance genes have been presented below.

Induced defense response or host resistance

Induced defense responses are charactenstic features of incompatible
gene-for-gene interactions assoclated with disease resistance and arc
primarily manifested in the form of hypersensitive response (HR).
Hypersensitive reaction is expressed by localized induced cell death in the
host plant at the site of infection, The genetic basis of HR-mediated discase
resistance was first clarified by Flor (1971), who demonstrated that the
resistance of flax to the fungal pathogen, Melamspora lini, was a
consequence of gene-for-gene interactions of pathogen Ayr genes and their
comresponding plant R genes. In gene-for-gene interactions, R proteins (act
as receptor protein) determine recognition of specific elicitors, encoded
directly or indirectly by avirulence genes, resulting activation of a cascade
for host genes that leads to HR and inhibition of pathogen growth (Ji ef al.
1998). Physiological features of HR common to a plant’s response (o
different pathogens include a rapid oxidative burst; ion fluxes characterized
by K’-H"-exchange; celiular decompartmentalization; cross linking and
strengthening of plant cell wall; production of antimicrobial cornpounds;
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and induction of pathogenesis related (PR) proieins such as chitinases,
glucanases and osmotins (Gilchrist 1998). HR subsequently triggers a
defense response, referrcd to as systemic acquired resistance (SAR) that
acts non-specifically throughout the plant through induction of diffusible
signal (Ryals et al. 1996). Salicylic acid and its derivatives are the most
potential candidates to participate in the systemic signaling pathway that
induces SAR (Feys & Parker 2000).

Molecular cloning and characterization of R gences

Because of their importance in engineering crops for disease
resistance considerable efforts have been made for cloning of R genes from
diverse plant species since 1992. Qver the [ast few years numerous plant R
genes were cloned and characterized.

The first plant R gene to be cloned was the maize Hml gene. This
gene, which controls resistance to race-1 isolate of Cochlioboluos carbonum,
was identified by transposon tagging with Mu transposon. Hml encodes a
NADPH-dependent HC-toxin reductase (HRTC). HRTC inactivates HC-
toxin, a pathogcenicity factor produced by the fungus C. carbonum Nelson
race-1 that permits the fungus to infect certain genotypes of maize (Johal &
Briggs 1992). The genetics of the interaction between maize and .
carbonum differ from that of gene-for-gene systems because toxin-deficient
strains of this fungus lose ability to cause disease in maize cultivars that do
not carry Hm/. Similarly, three other R genes that conform to classic gene-
for-gene relation were cloned by transposon tagging using heterologous
com elements, 4¢/Ds. These genes were: tomato Cf-9 gene confering
resistance to the fungal pathogen Cladosporium fulvum (lones et al. 1994);
flax L6 gene confering resistance to the fungal pathogen Melamspora lini
(Lawrence et al. 1995); and tobacco N gene for resistance to tobacco mosaic
virus (Whitham er al. 1994). Most of the R-genes have been isolated by
map-based cloning. Isolation proceeded through the well-defined steps of
precise genetic localization, saturation of the region with markers, isolation
of large yeast artificial chromosome (YAC) clones, and identification of
¢DNAs from the area and finally complementation.

R proteins can be grouped into five classes based on the structural
fean}res. The first class has cytoplasmic receptor like proteins that contain
le_uc"ne-ﬁ(:h repeats (LRR) involved in elicitor binding and a nucleotide
binding site (NBS). The family of R proteins with NBS-LRR motif includes
RPS2, RPP5 and RPM1 from Arabidopsts; Prf and 12 from tomato; N from
tobacco; and 1.6 and M from flax. Besides LRR and NBS domains, N, L.$
Snd RPP5 have NH,-terminal domains with homology to cytoplasmic
; omains of the Drosophila developmental protein Toll and the mammalian
Mmune response interleukin- 1 receptor (1L-1R). RPS2, RPMI and Prf
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proteins contain a putative leucine Zipper (LZ) motif at their NH,-terminus
(Staskawicz et af. 1995). The sccond class of R protein includes Pto that
falls under serine-threonine protein kinase family. The third class includes
Cf-2 and Cf-9 that has putative transmembranc rcceptors with large extra-
cytoplasmic LRR domains (TM-LRR). The fourth class is represented by
the rice R protein Xa21. Xa21 has a putative transmembrane receptor with
an extracellular LRR domain and an intraccllular serine-threonine kinase
domain. The Xa2l structure suggests an cvolutionary link between LRR
protein (Cf) and the Pto kinase. The fifth class, represented by Hml is
distinet {rom other R proteins because no corresponding Avr protein is
involved in its function (Young 2000). List of cloned R genes and structural
features of their proteins are given in Table 2.

Table 2. A summary of cloning and charactcrization of plant R
genes, :

Class R Gene  Plant Pathogen Avr gene Structure
] R5P2 Arabidopsis  Pseudomonas syringae pv. AvRpi? LZ-NBS-LRR
tomate
RPM{  Arabidopsis P syringae pv. mgcuficola AwRpm{. avr8 LZ-NDS-LRR
Prf Tomato P syringae pv. tomato AvrPto LZ-NBS-LRR
Mial Barley Blumeria graminis fsp  AvwMia! LZ-NBS-LRR
hordei
N Tobacco Tobacco mosaic virus Unknown TIR-NBS-LRR
Lf Flax Malampsora It AL? TIR-NBS-LRR
M Flax M. lini AM TIR-NBS-LRR
RPPS  Arabidepsis  Peronaspora parasitica  AvrPpl TiR-XBS-LRR
12 Tomato Fusarivm oxysporum Unknown NBS-LRR
Pi-ta Rice Magnaporthe grisea AvrPita NBS-LRR {7)

RPW 8  Arabidopsis  Erysiphe cructferarum,  Unknown NBS-LRR ()

E cichoracearum

Ctv Poncirus Citrus tristeza virus - NBS-LRR
trifoliata
2 Pio Tomato £ syringae pv. tomeato AvrPlo Protein kinase
3 Cre Tomato Cladosporium fivum Avrd LRR-TM
-2 Tomato C. fulvum Avr2 LRR-T™
Cf4 Tomato C. fubvum Avrd LRR-T™
4 Xa2i Rice Xanthomonas oryzae pv.  Unknown LRR, Protein
oryzac kinase
5 Hm! Maize Coclliobolus carbonum  None Toxin
(race 1) reductase
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Non-host resistance

Non-host resistance is the most common form of disease resistance
cxhibited by plants (Heath 2000). This is a resistance shown by an cntire
plant species to a specific parasite or pathogen. Generally, nonspecific
clicitors secreted by pathogen are the prime inducers of defense responses
in non-host plant-pathogen interactions. There is considerable evidence
that pre-formed defenscs (constitutive) are a major component of non-host
resistance, particularly in non-domesticated plants. Plants contain pre-
formed peptides, proteins, and non-proteinaceous secondary metabolites
that are potentially deterrents against microbial infection (Morrisey &
Osbourn 1999). Hypersensitive cell death similar to that induced by host
resistance mechanism is also the frequent expression of non-host resistance,
Plant cefls commonly respond to elicitors or microbial pathogens with an
oxidative burst during which reactive oxygen species (ROS) are gencrated
extra-cellularly, causing hypersensitive cell death, which is now universally
accepted as a form of programmed cell death (PCD) (Lam et a/. 2000). It is
assumed that a nuinber of plant cell death promoting gene families {PCD
genes) trigger cell death during PCD. For fungi that try to penetrate directly
into epidermal cells, considerable evidence poinis to the cell wall as a
primary site of non-host resistance expression. Wall-associated defenses
include the peroxidative cross-linking of phenolic compounds fueled by
ROS generation. Deposition of other substances such as silica and callose-
containing papillae can also combine to produce physical barriers to
infection (Gilchrist 1998).

Protein kinases, elements of the mitogen-activated protein (MAP)
kinasc pathway and protein phosphatases are thought to be involved in
signal transduction cascades triggered by specific and nonspecific elicitors
(Desikan et al. 1999). Details of how clicitor from Phytophthora sojae
interacts with parslcy leaves and cells for induction of non-host defense
responses has been demonstrated using in site hybridization and transient
expression studies. A nucleus-located zine-finger-type transcription
activator (WRKY 1) was shown to mediate fungal elicitor-induced genc
cxpression. WRKY 1 gets activated by phosphorylation, and binds to the
palindromically positioned W-boxes (that function as a rapid-acting elicitor-
response element) to express PR-/ target gene (Eulgem et al. 1999). This
is the first in vivo functional characterization of the regulation of part of a
Tonspecific elicitor-induced gene activation cascade.

Genomics and disease resistant genes

An interesting observation on number and organization of discase
11
esistance genes was made from genomic sggquencing of Arabidopsis and
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rice. The complete Arabidopsis sequence permits a comprehensive analysis
of the diversity of NB-LRR R-gene sequences in one plant. Annotation
revealed ~150 sequences with homology to the NB-LRR class of R genes.
Rhomologues are unevenly distributed between chromosomes, with 49 on
chromosome 1, 2 on chromosome 2, 16 on chromosome 3, 28 on
chromosome 4, and 55 on chromosme 5. Despite the fact that many
previously isolated R genes seem to reside in local multigene families,
there are 46 singleton Arabidopsis R gene homologues, 25 doublets, 7 loci
with three copies, and individual loci with four, five, seven, eight and nine
NB-LRR-encoding genes. Thus, Arabidopsis has ~100 R loci distributed
over all the chromosomes (Meyer et al. 1999; Dangl & Jones 2((1).
Analysis of rice BAC end-sequences representing ~5% of the rice genome
reveals probable presence of 750-1500 NBS-encoding genes in rice. All
NBS-encoding genes in rice encode non-TIR type NBS, TIR-type genes
have not been detected in genomic or expressed sequence tag (EST)
sequences from any grass species {Meyer e al. 1999),

So far, only a few clusters of resistance genes have been sequenced.
The complete sequencing of the RPPJS cluster in Arabidopsis; Cf-4/9 and
Pto cluster in tomato; and partial sequencing of the Dm3 cluster in lettuce
revealed highly duplicated regions containing little more than resistance-
gene homologues. The RPFP3 cluster contains 8-10 homologues spread over
~90 Kb, interspersed with protein kinase pseudogenes and retrotransposones
(Noel et al. 1999). The Cf-4/9 cluster contains five resistance genes spread
over 36 Kb and interspersed with fragments of lox genes, which may have
played a role in the duplication of the region (Pamiske ef al. 1997). Five
Pto homologues are found to be spread over 60 Kb along with a single
NBS-LRR gene (Prf) that is necessary for the function of at least two
members of the Pto cluster (Salmeron e al. 1996). The Dm3 region in
lettuce is the largest resistance gene locus characterized at the molecular
level so far. In this gene at least 24 resistance gene homologues are spread
over at least 3.5 Mb (Meyer ef al. 1998).

Genes that have altered expression in compatible and incompatible
plant-pathogen interactions have also been targeted for characterization
by microarray analysis (Baldwin ef al. 1999). These analyses have provided
comprehensive data on expression profiles, both for genes already
implicated in plant-pathogen interactions as well as for many genes that
were not previously known to be involved in resistance or susceptibility.
Moreover, the analysis of global expression profiles of a large number of
plant genes in response to infection and treatment with signal molecules
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will provide a base to identify commonalties among defense pathways.
Recently, changes in the expression patterns of 2,375 ESTs were examined
simultaneously by ¢cDNA microarray analysis in Arabidopsis after
inoculation with an incompatible fungal pathogen 4lternaria brassicicola
or treatment with defense-related signaling molecules SA, MJ or ethylene.
A comparison of expression profiles revealed induction of 126 genes by
multip)e treatments that are likely to be regulated by the same or overlapping
defense signaling pathways indicating the existence of a substantial network
of regulatory interactions and coordination during plant defense among
the different defense signaling pathways (Schenk et al. 2000). However,
the function of individual gene has to be confirmed on a gene-by-gene
basis through high-throughput reverse genetics approach, virus-induced
gene-silencing or viral over-expression as well as the use of gene knockout
libraries and promoter-trap strategies.

Deployment of plant-pathogen interaction for disease management

The growing understanding of the diverse molecular mechanisms
underlying the reactions of plants to pathogen infection holds promise for
future progress in the development of strategies to engineer plants with
enhanced resistance (Stuiver & Custers 2001). Visible manifestation of
the progress in this domain are cloning and characterization of many genes
for disease resistance and their downstream effectors including SAR,
bacterial pathogenecity factors, elicitors, toxins etc.

Plant genomics offers new tools so that novel disease resistance
gene of broad-spectrum resistance can be looked for. Analysis of EST
libraries demonstrated that plants such as Arabidopsis and soybean express
hundreds of potential R-genes (Botella et al. 1997). Many such genes have
already been mapped to genetically characterized resistance loci in a variety
of plant systems, including 4rabidopsis, potato, soybean, lettuce, maize,
wheat etc. Obviously, the optimized discovery of R-genes in both
domesticated and exotic germplasm will be of paramount importance in
the future and these genes can be rapidly transferred into advanced
commerciai genotypes. One such gene is pepper Bs2 conferring resistance
against Xanthomonas campestris. The Avr protein recognized by Bs2 is
not only produced by pathovars of X. campestris that infect pepper but
also by pathovars that infect hosts such as tomato, brassica and citrus. Bs2
has recently been cloned and expression of this gene in tomato confers
resistance against bacterial spot disease caused by X. campestris pv.
Vesicatorig (Tai et al. 1999).

Attempts have been made to broaden and optimize the activities of
R-proteins through genetic manipulations of R-genes. Wild-type tomato
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Pto pene confers resistance only to certain races of Pseudomonas syringae
pv. tomato that contain the Avr gene AvrPro. Replacement of the weak
endogenous promoter of Pro with strong CaMV promoter resulted in not
only incrcased resistance to Pst (avrPto) but also a partial control of
unrelated pathogens such as X. campestris and C. fulvum (Tang et al. 1999).
Studics on structure and function of R-protein demonstrated that LRR region
is involved in R-gene specificity. Ellis ef al. (1999) demonstrated that
exchange of LRR region can result in rccognition of a different spectrum
of pathogens than that of the original R-gene. Further studics on various
domains of R-genes may make it possible to optimize the cfficacy and
durability of R-gecnes.

Becausc of the durability of non-host resistance over time, it is
cominonly speculated that non-host resistance could be exploited to improve
disease resistance within host species. The non-host resistance of tobacco
against the potato pathogen Phytophthora infestans is corrclated with the
ability of tobacco to respond hypersensitivity to an elieitor of this pathogen.
The product of a tobacco gene that shares similarities with R genes was
indeed recently reported to interact with a 10 kDa peptide elicitor (INF1)
produced by P, infestans (Keen et al. 1999). Sunilarly, in parsley a factor
required for active non-host responses is 100 kDa plasma membrane protein
that binds to a cell wall glycoprotein clicitor of the soybean pathogen 2
sojae. This elicitor receptor has recently been isolated biochemically
(Nennsticl ef al. 1998). Transfcr of such non-host genes to susceptible
hosts may have a tremendous impact on the ability to control aggressive
pathogens.

Knowledge on molccular mechanism of clicitor-receptor binding
and consequent induction of hypersensitive reaction tn host plants provides
the researchers a new toe] for eclicitor-dependent artificial induction of
broad-spectrum defense response. In one of the approaches, broad-spectrum
discase resistance has been gencrated by the introduction of an elicitin
gene coupled to a pathogen-inducible promoter. Transgenic tobacco plants
were generated harbouring a fusion between the pathogen-inducible tobacco
Asr 203J gene promoter and a £ cryprogea genc encoding highly active
elicitor cryptogein, Under non-induced conditions the transgene was silent
but upon infection by virulent pathogen, cryptogein production was
stimulated which coincided with the fast induction of several defense genes
at and around the infection sites. Induced elicitor production resulted in a
localized necrosis that restricted further growth of the pathogen. The
transgenic plants displayed enhanced resistance to fungal pathogens that
were unrclated to Phytophthora specics, such as Thielaviopsis brasicola,
Erysiphe cichoracearum and Botrytis cinerea (Keller ef al, 1999).
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Plant pathogens often produce non-specific toxins that are involved
in the development of discase symptoms. Engincering plants for resistance
to toxins produced by pathogens represents an clegant way to prevent the
damage causcd by infection. A good source for toxin resistant gepes is the
toxin-producing organisms themsclves. Tabtoxin produced by £ syringae
pv. tabact during infection provekes chlorosis by inhibition of glutamine
synthctase, resulting in the aceumulation of toxi¢ levels of ammonia. In P
syringac pv. tabaci, the gene rir (tabtoxin resistance) encodes an acetylating
enzyme that inactivates the tabtoxin, The cloned gene has been expressed
in tobacco and the resulting transgenic plants developed complete resistance
to the bacteria (Anzai ef al. 1989). Similarly, phaseolotoxin, preduced by
P, syringae pv. phaseolicola, is responsible for chlorosis on plants through
the irreversible inhibition of the chloroplast ecnzyme ornithine
carbamoyltransferase (Octasc). Resistance of the bacterium to its own toxin
is in part attributed to the presence of an Octasc isozyme, encoded by the
gene argK that is insensitive to the toxin (Mosqueda et al. 1990).
Transformation of tobacco with argK, rendered the plants insensitive to
chlorosis induced by purified toxin. Recently, transgenic suparcane has
been developed against leaf scald disease following this approach. Xylem
invading pathogen Xanthomonas albilineans causcs lcaf scald disease of
sugarcane. 1t produces a family of low molecular weight toxins {albicidins)
that selectively block prokaryote DNA replication and cause characteristie
chlorotic symptoms by blocking chloroplast development. Albicidin
detoxifying gene (alb) cloned from Pantoea dispersa (biocontro] against
against leaf scald diseasc) provided resistance against leaf scald disease in
sugarcane when expressed under the control of maize ubiquitin promoter
(Zhang et al. 1999).

The genes invelved in SAR response have also been targeted as
potential candidates for manipulation towards resistance management. One
such key SAR signaling gene is Myb[ induced by tobaceo mosaic virus in
resistant tobacco plants, Myb! encodes a transeription factor that binds to
a promater clement of the pathogenesis-related gene PR/a. Modification
of Myb! expression levels in transgenic tobacco plants was shown to
increasc resistance against both TMV and Rhizoctonia solani pathogen
(Yanp & Klessig 1996). Mutant scrcening in Arabidopsis revealed two
genes, cpr6 and Ssif that trigger not only genes associated with SAR but
also genes involved in jasmonic acid activated discase response pathway
(Shah er al. 1999). Although these two genes arc yet to be cloned, it is
asswined that cpré and $sif arc involved as switehes modulating cross-talk
between different defense pathways. A gene, Pad4, encoding a protein
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with homology to lipases has been cloned from Arabidopsis and shown to
enhance signals that activate plant defenses (Jirage ef a/. 1999). Inactivation
of pac4 leads to extreme susceptibility against a wide variety of pathogens
including Erysiphe orontii, Peronospora parasitica and P. syringae. Thus
overexpression of Pad4 in transgenic plants may enhance disease resistance
signaling and may prove exceptionally interesting for the development of
broad-spectrum disease resistance. Genetic analysis of SAR in Arabidopsis
led 10 the cloning of the MA//NFPR! (noninducible immunity/nonexpressor
of PR) gene mutations in which SAR induction is abolished. The NIM1/
NPRI1 protein shows similarity to NF-kB and 1-kB factors controlling
numerous cellular responses in mammalian systems (Ryals er al. 1997).

Other pathways leading to expression of defense genes (thionin etc.}
other than PR genes had also been the focus of research. For example,
infection of Arabidopsis with necrotrophs such as Alternaria brassicola
leads to induction of thionin and defensin-like genes such as PDFI.2 but
does not really result in PR-1 induction (Van Wees et al. 1997).
Overexpression of the thionin gene in Arabidopsis leads to partial resistance
against Fusarium oxysporium (Epple et al. 1997) indicating that non-SAR
pathways may also be useful for disease resistance engineering.

Gene mapping and marker-assisted selection

The power to select desirable individuals based on genotypic
configuration is an extremely powerful application of DNA markers and
gene mapping. DNA markers in genomic region of interest enable breeders
to select plants on the basis of genotype rather than phenotype. This is
highly helpful if scoring of disease resistance is cambersome or the pathogen
is absent. The advent of several DNA marker technologies allows entire
genome to be assayed for linkage to disease resistance(s). This has recently
resulted in the identification of an increasing number of DNA markers
linked to resistance gencs using a variety of approaches. Near-isogenic
lines (NiLs} and bulked segregant analysis (BSA) is being used increasingly
for rapid mapping of monogenic resistance genes using segregating
populations (Michelmore 1995). It is now relatively facile to saturate
particular region of the genome with molecular markers using RFLP, RAPD,
AFLP or microsatellites (Paterson 1996). Marker analyses have located
many disease resistance genes in the genome of crop plants tightly linked
to one or the other markers (Table 3). These linked markers will greatly
assist in marker-aided selection and also facilitate gene pyramiding.
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Table 3. Examples of mapping and identification of markers linked to
disease resistance genes in important crop plants.

Host Pzthogen Gene Tyne of markers

Tomato Verticillium dahliae 7] RAPD
Yellow leaf curl virus i RFLP
Oidium Iycopersicum o/ RFLP, SCAR

Potato Phytophthora infestans RI36, 7 RFLP
Potato virus Y Ry, SCAR,RFLP
Potato virus X Rxl, Rx2 RFLP
Potato virus X Nb AFLP, CAPS
Patato virus X Nx RFLP

Lettuce Bremia lactucae Dmi? 18 RAPD/SCAR
Plasmospora Inctucae-rodicis pir RAPD, RFLP
Turnip mosaic virus Tu RAPD, RFLP

Soybean Soybean Rsv SSR, RFLP

Commen bean Uromyces appendiculatus Up2 RAPD
Common bean mosaic virus ! RAPD

Pea Pea seed-bome mosaic virus sbm-{ RELP, RAPD
Pea common mosaic virus Mo RELP

Barley Barley yellow mosaie virus Ym4 RFLP
Erysiphe graminis £5p. hordei  Mla RFLP

Wheat Puccinia recondita Lr9 RAPD
Puccinia striiformis YrHS2, Yris AFLP, RAPD,

Microsatellite
Arabidopsis  Cucumber mosaic virus RCY! CAPS

Genetically complex form of plant disease resistance governed by
polygenes is studied through QTL (quantitative trait loci) mapping based
on DNA markers. QTL mapping helps in (i) describing roles of resistance
loci, (ii) assessing race specificity of partial resistance genes, and (iii)
interaction between resistance genes. Plant development and the
environment can also be analyzed using QTLs. Over the last few years
QTL mapping has dissected quantitative resistance to a number of
pathogens. The examples include resistancc to rice blast fungus, late blight
of potato, gray leaf spot of maize and bacterial wilt of tomato (Table 4).
?lant disease resistance gene (R-gene) homologues are normally present
In multiple copies in the plant genome and they can be used as candidates
at QTLs for resistance to plant diseases. Such studies will eventually provide
4N entry point for the most ambitious goal of positional cloning of partial

Tesistance genes known only by small and continuous effects on phenotype
(Yano 2001),
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Table 4. QTLs for discase resistance in some crop plants.

Host Discase (Pathogen)  Number Qbscervations
of QRLs*

Barley Powdery mildew 2 No evidence of QRL at the genomic
{Erysiphe graminis) location of Migl2

Comman bean Bacterial blight 7 One QRL mapped to same interval as
(Xanthomonas Rhizobium nodule number locus
campesiris}

Maize Grey leaf spot > 10 Onae QRL significant in all populations
(Cercospora zeae- and environments
maydis)

Mungbean Powdery mildew 3 Two QRLs significant 65 days post-
(Ervsiphe polygoni) inoculation; third QRL at 86 days

Pea Blight (Ascochvia pisiy 3 Resistant aliele from susceptible patent

associated with transgressive
segregarion

Potato Late blght 11 One QRL was race specific; Two QRLs
(Phrtophthora in same region as major resistance loci
infestans)
Late bight - Co-localisation of QTL for late blight
(P, infestans) resistance, vigour and earliness

Rice Blast (Pyricularia 10 Three QRLs mapped to same regions as
oryzae) qualitative resistance loci

Tomato Bacterial wilt 3 Effect of QRLs on phenotype varied
(Pseudomonas according to inoculation method
solanacerum)

Tomato Yellow leaf curl virus 3 A mejor QRL located vary near Mi,

roat knot nematode resistance

*Quantitative Resistant Loci

DXNA markers make it possible to select individuals or lines with
crassing-over very near (o the gene of interest, thereby, removing linkage-
drag that frequently comes from a donor parent. Markers can aiso be used
to select individuals with a minimum undcsirable donor genes in the regions
unlinked ¢ an intropressed segment in a backcrossing. This possibi]ity
may be especially helpful in accessing usefut gene pool from wild relatives
of agriculturally important crops (de Vicente & Tanksicy 1993).

In the special case of discasc-resistance, marker-assisted breeding
has special roles. The introgression of discase resistance genes (Poth
monogenic and polygenic) into clite cultivars via traditional breeding €an
take up to 15-20 years. Marker-assisted breeding programmes have been
cstimated to reduce the breeding time by about 50-70%. MoreoveDh
pyramiding several major resistance genes into valuable genetic backgrour
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is simplificd through the usc of marker-based sclcc.tion {Tankslcy et al.
1089). This would be especially helpful when screening for one resistance
gene intcrferes with the ability to screcn for another. An example of a
multidisciplinary cffort to identify and characterize important traits
including discasc resistances using molecular markers is the NABGMP
(North American Barley Genome Mapping Project). Similar cfforts arc
also ongoing in all major crops.

Discase resistant transgenies

Although classical brecding led to the development of high yiclding
and biotic stress resistant varietics of almost all crops and significantly
improved food production, it generally remains a “hit or miss” technique.
Genetic engineering or genetic transformation has two distinct advantages
aver classical breeding. The first is selectivity. In classical breeding the
entire genoine of parent plants is recombined, thercby requiring several
cycles of backcrossing and selection to climinate undesirable traits. On the
contrary, genctic transformation can introcuce a single gene for desired
trait without disturbing plant’s genetic make-up. Secondly, the classical
breeding is confined to only cross-fertile plants, and thus can exploit limited
variability. Reccnt developments in moiecular biology and genetic
transforination have madc it possible to identify, isolate and transfer any
desirable gene from any living organism to plants and vice versa. This has
brought the whole genetic diversity of living world together, which was
unthinkable some 25 years ago.

Three major discoveries in molecular biology made it possible to
move a gene from onc organism to snother. The first was the discovery
and description of genetic matcrial DNA. Now it is known that genc is a
picce of DN A, which carries out a specific function by producing specific
p_mtein and also that the structurc and function of DNA is similar in ail
living organisms. The sccond discovery was that some bacterial DNA is in
the form of free floating rings called “plasmids”. In nature bacteria often
exchange plasmids, Therefore, plasmids were thought to be ideal carricrs
of new genes. A naturally occurring soil-borne bacterium Agrobacterium
tumefacicns can transfer a piecc of its Ti plasmid into plant ceils causing
Crown gall discasc. This plasimid (after removing crown gall diseasc causing
}g]zr:fstz)ls uscd.to Carry new (desirf:d') gencs intg dicot){'lcdonous plants. But
by thirglijt'a single genc and fix it into plfsmld.s?lThls was made poiﬁble
“ligage™ Tlicovcw of special enzymes “restriction cndonuclcase_s and
DNA mlole C;'C are more Lh;n 500 rcstrlcuop gndonuclcasc's, which cut
foreign gcnce“: at specific sites. If same restriction enzyme is used to cut

nd £ eut open \he plasmid, the cut ends of the new gene and
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plasmid are complementary and chemically “sticky”. DNA ligase seals
such sticky ends to form a duplex DNA chain.

Strategies used for developing disease resistant transgenics in some
of the crops are briefly described below.

Viral resistance

Viral diseases cause alarming losses to crop productivity either by
reduction in yield or quality of the harvest. In case of vegetatively
propagated crops viral disease is of serious concern as all the clones obtained
from infected plants will carry the infection deteriorating the quality of
seed material. Management of this disease is much difficult because of
complex disease cycles, efficient system of transtmission and non-availability
of chemical control. The successful biotechnological strategies include
expression of genes either derived from pathogen (pathogen-derived
resistance, PDR) that would disrupt normal balance between viral products
and/or viral movement and completion of life cycle, or from foreign source
(antiviral protein or compounds) that would prevent virus multiplication
and spread by interacting with either incoming viral genome or their
expression products or by killing the host cell {Kundu & Mandal 2001).
The best documented approach for generating virus resistant transgenic
plants is coat protein (CP)-mediated resistance. The CP gene of tobacco
mosaic virus {TMV) was used in the first demonstration of virus-derived
resistance in transgeric plants (Powell-Abel et af. 1986). Since then CP-
gene approach has been successfully employed against many viruses in
several crops. Second approach is transgenic expression of genes encoding
the viral RNA-dependent RNA polymerase that is generally refetred to as
replicase-mediated resistance (Thomas et al. 2000). Third approach 15
engineering of negative mutant form of movement protein {MP) to interfere
with viral movement, which is an important step in viral infection (Cooper
et al. 1995). The added advantage of expression of dysfunctional MP is
that it confers resistance to several other viruses also (Table 5).

Attempts have also been made to develop viral resistant transgenic
plants through expression of transgene (encoding antiviral protein or
compound) which 1s not part of the viral genome. The ability of ribozyme
to cleave target RNA has been utilized to develop citrus exocortis viroid
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(CEVd)-resistant transgenic plants (Atkins et al. 1995). Recently, a
hammerhead ribozyme targeting the mRNA of rice dwarf virus (RDV)
was constructed and when introduced into rice variety displayed high
resistance against viral symptoms (Han er af. 2000). Expression of double
stranded RNA-specific ribonucleasc has becn used to impart resistance
against viroids, which encode none of the proteins necessary to support
their own replication but rely on host machinery. The single stranded circular
RNA of the viroid when forms a double stranded RNA like structure (ds
RNA) during replication gets destroyed by the ribonuclease. Following
this strategy potato spindlc tuber viroid (PSTV) resistant transgenic potato
has been developed by expressing yeast dsRNA-specific nbonuclease (Sano
et al. 1997). Pokewecd {Phytolacca americana) antiviral protein (PAP)
has ribosome-inhibiting properties. PAP kills host cell in the vicinity of
viral infection and restricts spread of virus providing broad spectrum
resistance. A similar kind of antiviral protein (PIP), which shares 84%
homology with PAP has been isolated from cDNA library of P insularis.
Recombinant PIP synthesized in Escherichia coli inhibits protein synthesis
n vitro. Constitutive expression of PIP in transgenic potato results in broad-
spectrum resistance against PVX, PVY and PLRV (Moon et al. 1997).
The plantibody approach, which is one of the most recent innovations aims
ectopic cxpression of genes encoding antibodies and offers a potential tool
to block viral infectivity (Schillberg et af. 2001). This has been successfully
demonstrated in tobacco. Examples of virus transgenics are given in Table5.

Fungal resistance

Many of the fungi have chitin and glucan as major structural
polysaccharides in their cell wall. Plants coevolved natural defense
mechanisms through enzymatic degradation of these components by
endochitinase and gucanases. Expression of these enzymes is induced in
host plants in response to pathogen attack to degrade fungal cell wall
(Strittmatter et af. 1998). Therefore, different classes of chitinases and
Bucanases of diverse source have been engineered into a number of
transgenic plants with varied degree of success against fungal pathogens.
In Brassica napus, the constitutive synthesis of a chimeric endochitinase
€ncoded by a fusion between a tomato and a tobacco chitinase gene provided
field tolerance to Cylindrosporium concentricum, Sclerotinia sclerotiorum,
and Phoma lingam, each causing economically important discases (Grison
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Table 5. Strategies for the development of viral resistance and some

examples of transgenic plants tolerant to viruses.

Strategy Inhibited  Mode of infection Virus* Transgeni
stages c plant
Pathogen-derived resistance
Coat protein Uncgaﬂng Competition for RNA ™V Tobacco
PEMV Pea
PLRV Potato
PhMV Tomato
Replicase Replication Competition for enzyme PVY Potato
PSbMV Pea
RYMV Rice
PLRV Potato
Movement Transport  Interference with ™V Tobacco
protein transport PLRY, Potato
PVX, PVY
Helper Transport  Interference with TEV Tobacco
component transport
Viral protease Replication _Polyprotein processing PVY Potato
Antisense RNA  Translation Blocks viral RNA and PLRY Potato
prevents Translation
Satellite RNA ~ Aeesmbly  Compete for capsids CMV Tobacco
Antiviral proteins
Ribozyme Translation Cleaves viral RNA CEVd Tomato
RDV Rice
Ribonuclease —mmemer Degrades ds-RNA PSTV Potato
(viroids}
2%,5"-oligo- Replication Degardes ds-RNA CMV Tobacco
adenylate
synthetase
Pokeweed Translation Inhibits IRNA of 60S TMY, PVX  Tobacco
antiviral protein subunit
Phytolacca Translation Inhibits polypeptide PVX,PVY, Potato
insularis synthesis through N- PLRV
antiviral protein glucosidase activity
Plantibodies Assembly  Competes for viral AMCV Nicotiana
protein against which it is benthamian
generated a
™YV Tobacco

*AMCV = artichoke mottle crinkle virus; CEVd = citrus exocortis viroid;
CMV = cucumber mosaic virus; PhAMV = Physalis mottle virus; PEMV =
pea enation mosaic virus; PLRV = potato leaf roll virus; PSbMV = pea
seed-bome mosaic virus; PSTV = potato spindle twber virpid; PVX = potaipo
virus X; PVY = potato virus Y; RDV = rice dwarf virus; RYMV = rice
yellow mottle virus; TEV = tobacco etch virus; TMV = tobacco mosaic
virus; and TNV = tobacco necrosis virus,
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et al. 1996). Class II catalse has been shown to bind salicylic acid and
activate SAR in tobacco. Expression of tobacco class Il catalase gene in
transgenic potato plants leads to constitutive expression of endogencus
catalase homologue gene and is associated with enhanced resistance to P
infestans (Yu et al. 1999). Similarly, other pathogencsis-related (PR) genes,
such as 2 PR]a gene or an osmotin gene from tobacco, have been proven
to mediate enhanced resistance to Phytophthora species when constitutively
expressed in tobacco or potate (Liu et al. 1994). In another approach,
truncated osmotin gene has been designed through removal of C-terminal
leader sequence to ensure its expression in the extracellular matrix and
better protection against invading fungal hyphae. Transgenic potato plants
expressing this truncated osmotin gene exhibited high level of resistance
to P, infestans (Liu et al. 1996).

Ribosome-inactivating proteins (RIP) from plants inhibit transiation
in distantly related species including fungus by N-glycosidic cleavage of
285 rRNA. As a consequence, elongation factor 2 (EF 2) binds less
efficiently and the elongation step in protein synthesis is inhibited
{Comelissen & Melchers 1993). Expression of barley type 1 RIP gene
under the control of potato wound inducible promoter in transgenic tobacco
demonstrated resistance to Rhizoctonia solani (Logemann ef al. 1992).
Other antifungal proteins that have been successfully employed against
fungal pathogens are pokeweed antiviral protein and defensin. Pokeweed
antiviral protein has been demonstrated to have antifungal activity also.
Expression of this protein in transgenic tobacco confers resistance to R.
solani (Wang et al. 1998). Plant defensins are a small group of cysteine-
rich antifungal proteins that express systemically duning fungal pathogen
infection, Constitutive expression of Raphanus sativis defensin gene, Rs-
AFP2, in tobacco confers resistance ta the foliar pathogen Alternaria
longipes (Terras et al. 1995). Similarly, AFP ¢cDNA from alfalfa (alfAFP)
provided protection from Verticillium dahlige in potato (Gao et al. 2000).

Phytoalexin, a class of compounds (typical example is stilbenes from
Vitis vinifera and Picea sitchensis) accumulate in host plants in response
to pathogen attack. These have been shown to involve in defense of many
plant species against fungal attack. Transformation and expression of
stilbene synthase gene from V vinifera in potato has been shown to
substantially reduce damage after P, infestans infection. During the pathogen
attack host plant often displays localized cell death. Induction of artificial
cell death by genetic engineering in response to pathogen attack is one of
the viable strategies that have been employed successfuily against a number
of fungal diseases. A bacterial ribonuclease gene (bamase) from Bacillus
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amylofiguefaciens and its inhibitor barstar were introduced into potato under
the control of fungal-infection-specific (prpi-13 and CaMV 35S promoters,
respectively (Strittmatter ef al. 1995). The dual mode of regulation ensures
higher expression of barnase in the close vicinity of infection sites, thereby
leading to cell death. Transient accumuijation of active oxygen species
(referred to as oxidative burst), such as H202, superoxide radical (02-)
and the hydroxyl radical (OH-), is one of thc most rapid respoiises in plants
after pathogen attack (Baker & Qrlandi 1995). The enzyme glucosc oxidase
from Aspergilius niger catalyzes the oxidation of b-D-glucose by molecular
oxygen, yielding gluconic acid and H202. Constitutive expression of the
gene encoding glucose oxidase in transgenic potato resulted in resistance
development against P, infestans (Wu et al. 1995). Recently a novel strategy
of simulating the presence of a pathogen through lesion mimic phenotype
and conscquent induction of anti-pathogen defense mechanisms has been
employed to enhance resistance of plants to fungal pathogens. Potato plants
have been engineered to develop lesion-mimic phenotype through
constitutive expression of a bacterio-opsin (bQ) proton pump isolated from
Halobacterium halobium. These plants had increased levels of salicylic
acid and pathogenesis-related mRNAs, and displayed enhanced resistance
to P infestans (Abad et al. 1997).

Development of fungus resistant transgenics using different strategies
is summarized in Table 6.

Bacterial resistance

There are only few reports on production of transgenic plants
resistant to bacteria. The major approach employed against bacterial
pathogens s production of aniibacterial proteins that kill or retard the
pathogen. Antibacterial proteins, which have already been introduced to
devclop bacterial resistance, include lytic peptides, lysozymes and iron
sequestering glycoproteins (Strittmatter e al. 1998). Lytic peptides are small
proteins (e.g. cccropin, attacin and their synthetic analogues) with an
amphipathic a-helical structure whose effect is to form pores in bacterial
membranes. Cecropins have been expressed in tobacce against Ralstonia
solanacearum and Pscudomonas. syringae pv. tabaci and attacins in apple
plants against Erwinia amylovora. Symptom reduction upto 50% after
inoculation with £. amylovora was reported in apple. However, satisfactory
levels of resistance could not be achieved in tobacco expressing cecropin
B, probably because of degradation of cecropin by plant proteases. A
synthetic analogue of cecropin, Shiva 1, had been introduced into potato
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Table 6. A summary of fungal resistant transgenic plants in various crops.

Plant Gene/Protein Target pathogen
_Pgﬂateins

Tobacco Chitinase {rom Serratia marcescens Alternaria longipes
Chitinase from bean Rhizactania solani
Chitinase from Nicotiana tabaciim R. solani
PR-Ia gene from tobacco Phytophthora parasitica
Glucanase from alfaifa and chitinase from  Cereospore micotianae
nce
Chitinase and glucanase from barley R. solani

Rice Chitinase from rice R. solani

Brassica Bean chitinase R. salani

napus Chimeric endochitinase by fusion of Cylirdrosporium
tomato and tebacco chitinase gene concentricum, Sclerotinia

sclerationom, Phoma
lingam

Potato B-1.3-endoglucanase from soybean P infestans
Class II catalase from tobacco P infestans

Kiwifruit B-1,3-endoglucanase from soybean Botrytis cinerarea

Antifungal proteins

Tobacco Barley RIP R. solani
Pokeweed antiviral protein If R. solani
Rs AFP-2 from Radish A. longipes

Potato AlfAFP from alfalfa Verticillium dahliae
Osmotin from tobacco P infestans

Antifimgal compounds

Potato Sulbene synthase from grapevine P infestans

Genes/proteins that induce artificial cell death

Potato Bamase and barstar P infestans
Glucose oxidase from Aspergilius niger F. infestans
Bacterio-opsin from Halobacterium P. infestans
halobium

Tomato and  Bacterio-opsin from H. halobium P. infestans

Tobacco

to circumvent this problem. Transgenic plants showed delayed symptoms
and reduced disease severity when inoculated with Ralstonia solanacearim
{Watanabe et al. 1993). Similarly, transgenic potato plants of cv. Desirec
cxpressing another synthetic cecropin gene, SB 37, when chalicnged with
a virulent strain of R. solanacearum showed resistance comparable to that
of field-resistant cultivar Cruza 148 (Montanelli e al. 1995). Under
combinational approach a chimeric gene fusing cecropin {from giant siik
moth) and melittin (from honeybec venom) has been constructed. The gene
was introduced into potato resulting in resistance to Erwinia carotovord
induced soft rot (Osusky ef al. 2000). Tachyplesin is another class of lytic
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peptide isolated from the horse-shoe crab. Expression of a gene encoding
tachyplesin 1 in transgenic potato resulted in reduced tuber rot caused by
Erwinia carctovora {(Allefs ef al. 1996). Among the antibacterial peptides
of non-plant origin that has been expressed in plants is lactofcrrin.
Lactoferrin is an iron-binding glycoprotein known to have antibacterial
properties with unknown mechanism. The expression of a human lactoferrin
gene in tobacco delayed disease development caused by R. solanacearum
(Mourgues et al. 1998).

Lysozymes are ubiquitous enzymes with specific hydrolytic activities
directed against the bacterial cell-wall peptidoglycan. The bacteriophage
T4 lysozyme pene was engineered by fusing its coding sequence to the
signal peptide sequence of the barley a-amylase gene to target the protein
at the intercellular spaces. Erwinia carotovora enters and spreads via
intercellular spaces. Introduction of this construct into potato resulted in
low-level expression, but efficient s¢eretion of the protein to the intracellular
spaces accompanied by a marked increase in resistance to soft rot pathogen
E. carotovora (During et al. 1993}. Some of these examples are given in
Table 7.

Table 7. Some examples of bacterial resistance transgenic plants.

Plant (zene/Protein Origin Target
Apple Aftacin Giant silk moth Erwvinia amylovera
Potato Shiva 1 (synthetic =~ - R. solanacearum
cecropin B)
SB 37 (synthetic =~ = = R. solanacearum
cecropin B}
Cecropin and melittin Giant silk moth E. curotovora
and honey bee
venom,
respectively
Tachyplesin Horseshoe crab E. carotovora
Lysozyme T4 bacteriophase  E. carotovora
Glucose oxidase Aspergillus niger  E. carotovara
Tobagco  Cecropin B Giant sitk moth Ralstonia solanacearum
Pseudomonas syringae pv.
tabaci
Lactoferrin Human Rhizoctonia solani
Lysozyme Human P. syringne pv. tabaci
Bacterio-opsin Holobacterium P. syringae pv. tabaci
halibium
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Bioinformatics packages for sequence analysis and
practical applications

Dilip K Arora & Bandamaravuri Kishore Babu

In a field which has been dominated by structural biology for the
last 2-3 decades, we are now witnessing a dramatic change of focus towards
sequence analysis, spurred on by the advent of the genome projects and
the resultant sequence deposit. The amount of sequence information
available from public database is exponentially increasing. By 2005, 100
gigabases of sequences were deposited into GenBank, Advanced
sequencing technologies and model organism genome projects, including
human, were the major driving forces behind the sequence information
explosion during the last decade. The prime challenge of bicinformatics is
the rationalization of the mass of sequence information, with a view not
only to derive more efficient means of data storage, but also to design
more incisive tools.

The greatest challenge facing the molccular comnmunity today is to
make sense of the wealth of data that has been produced by the genome-
sequencing projects. Traditional molecular biology research was carried
out entirely at the experimental laboratory bench but the huge increase in
the scale of data being produced in this genomic era has aroused a need to
incorporate computers into the research process.

Today’s biological researches require parallel strategies to
simultaneously gather, examine and integrate the large volumes of
information. Biologists often face genome- wide or cross-genome analysis
of genes of interest. Thus, without good data handling skills, researchers
can not achieve their ultimate research goals. This is where biology requires
informatics, Bioinformatics is a new field that examines complex biological
data on the basis of statistics and computer science. It provides a powerful
tool for collecting, maintaining, distributing and analyzing huge amounts
of genome data. It also contributes to give biological meaning in the data
by discovering structurat and functional relationships to explain biological
phenomena.
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Biological and molecular

Biological databases are archives of consistent data that arc stored
in a uniform and cfficient mannecr. These databases contain data from a
broad spcctrum of molecular biology areas. Primary or archived databases
contain information and annotation of DNA and protein sequences, DNA
and protein expression profiles. Secondary and derived databases are so
called because they contain the result of analysis on the primary resources
including infortnation on sequence, patterns or motifs, variants and mutation
and evolutionary rclationships.

The purposes of biological databases are
® To make information available globally
To make biological data available to scientists
To systematize results from biological experiments and analysis
To avoid duplication of experiments

Consistency, accuracy and non-redundancy of data.

The most important general sequence databases are those hosted at
the European Bioinformatics Institute (EBI) at Hinxton, UK; GenBank at
Bethscda, MA, USA and DNA Data Bank of Japan (DDBJ). These three
databases exchange the data submitted to them with each other on a daily
basis. Each sequence, when submitted to a database, is assigned a unique
identifier (accession number). All three databases, is assigned a unique
identifier (accession number). All three databases will use the same
accession number for that sequence. However, database structure, data
accession data formats differ retnarkably.

European Bivinformatics Institute (EBI) databases

A variety of general and specialized databascs are mentioned at EBL
These include databases for primary structure collections, i.c. European
Molecular Biology Laboratory (EMBL) Nucleotide Scquence Database,
the protein databases SWISS-PORT and TrEMBL, amalgamated into the
Universal Protein Resource UniPort (http://www.ebi.unipotr.org/
index.shtml) in addition to higher order structurc databases available in
the Macromolecular Structure Database (MSD). Information on these and
other data collections can be inspected at http://www.ebi.ac.uk/Databases.
The detailed description is given in the EMBL Nucleotide Sequence
Database User Manual which can be inspected at hitp://www.ebi.ac.uks
embl/Documentation/uscr/manual/usrman.html,
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National Center for Biotechnology Information (NCBI)

NCBI was established in 1988 as a division of the National Library
of Medicine (NLM) at the National Institute of Health (NIH). Its mission
is defined as development, distribution and maintenance of various
molecular databases and computer software in order to support biological
and biomedical studies at the molecular level.

NCBI Sequence Submission System: GenBank provides two programs to
support sequence submission.

a. Bankit (http://www.ncbinlm.nih.gov/BankIt/} is a web based scquernce
submission tool that can be used for depositing a few sequences when
annotation is not complicated. Barklt does not require any special tools
to submit sequences other than web browser and the submission
directions are fairly easy to follow.

b. Sequin is a stand-alone program to submit and update long complex
sequences and annotation infonination. Submission with Sequin provides
sophisticated tools to review and verify the sequence and annotation
before submission. Submission is finished by sending the Sequin output
file (.sqn file} via e-mail to GenBank (http://www.ncbi.nlm.nih.gov/
Sequin/index.html).

Sequence retrieval: NCBI's Entrez is an integrated database retneval
system. Its cross-reference system allows researchers to not only access
nucleotide, protein or genome information but also related research articles
and relevant records from 22 databases using text bascd query (http://
www.nebi.nim.nih. gov/Entrez/index html).

Seguence analysis tools at NCBI: The NCBI provides a wide range of
biological data analysis tools that fall into the following major ategories:

a. FASTA: is an international format for storing biosequences. Program is
available over the web or by download. FASTA searches molecular
databases, the first line begins with”>" and a short description followed
by the sequence. Current FASTA programs can be found at URL http:/
/fasta.bioch.virginia.edu/.

b. BLAST: Basic Local Alignment Search Tool is the most popular local
alignment program for similarity search and sequence aligmment
developed by NCBI (Fig.1). BLAST algorithm gencrates a list of short
word match {default words size is 3 for protein and 11 for nucleotide}
In query sequences and then database is searched for the occurrence of
these words. Stand-alone BLAST search can be performed at any local
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computer by installing the BLAST software. Stand-alone BLAST
reduces searching time significantly by avoiding on-line communication
and allows batch blast {(submit multiple queries at once) against local
databases downloaded from GenBank or created by user. Stand-alone
BLAST document including installation can be found at NCBI's FTP
site (ftp://tp.ncbi.nlm.nih. gov/blast/documents/blast. txt).

<2 NCBI

Nucicohde

- l £ Query Sequence
TTGAGALMAGTTCAGARGE TTCGTCCOGCOIGCGACGECTTACGCTCCOANGCOAGETH
TATTCTACTACGCTTGAGES MRS ACGCCACCOCCTACGTCTT IGAGOLGEGCLCOC AL
Staish GGACGGTGCCCANTACCALGC AGAGCTTGAGGGT TG ATGACGCTCGAAC AGGC AT

CCCCCOGMTACCALGOGECGCARTGTGCSTTCAALGATTCGATCATTCACTGAATTC”
,_GCMTI'CACA'ITACTI‘.ITCGCLTITCGCTGCGITCTIELTCGI'TGC(_:-AEHFCUGMA

B gl
ruciaciide~puivchds ﬂ E{ &, h F

Trvecialeris =

Options for advanced Elasting

gl WF omiger,

cogz fter ] Low complexity [T Humen repeats [} Magk for lockup table only [ M ssklowrsr ¢

Fig.1. Part of BLLASTn search form

Several BLAST programs are available based on search purpose and also
based on query and database relation. Various forms of BLAST search
programs are given below.

Program Description

BLASTN - Compare nucleotide query sequences against nucleotide
databases.

BLASTP . Compare amino acid sequence query against amino acid
sequence database.

BLASTX - Compares a nucleotide query sequence translated in all

reading frames against a protein sequence database

TBLASTN - Compares a protein query sequence against a nucleotide
sequence database dynarnically translated in all reading
frames
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TBLASTX - Compares the six-frame translations of a nucleotide
query sequence agatnst the six-frame translations of a
nucleotide sequence database

PHI-BLAST - (Pattern-Hit Initiated) Designed to search for proteins
that contain a pattern in the query specified by the user.

PSI-BLAST - (Position-Specific Iterated) Designed to find very
distantly related protein sequences using a PSSM
{position-specific scoring matrix) generated from each
progressive search

c. BLAT: stands for BLAST-like alignment tool that is designed to
effectively align EST sequence to genomic sequences. Its algorithm is
similar to BLAST in which it finds words match and extends to high
scoring pairs (HSP). However, BLAT makes index of database first
and then searches query. Moreover, it extends alignments on any number
of perfect or nearly perfect hits and provides a large alignment. Web
search is available at http://genome.ucsc.edu/cgi-bin/hgBlat and stand-
alone 1s also available at http://www.soe.ucsc.edu/~kent/exe/.

Pairwise and multiple sequence alignments

Pairwise sequence alignment itries to find the optimal alignment in
parts of sequences (local alignment) or in entire sequences {global
alignment), In a global alignment, all of the nucleotides or aminao acids in
both sequences participate in the alignment, thus it is useful for aligning
closely-related sequences. Local alignment finds and aligns related regions
within seguences. 1t is more flexible than global alignment, which is useful
to identify related regions that appear in a different order in two sequences.

Multiple sequence alignment is an extension of pairwise alignment
to identify common regions within several sequences given as an input.
This tool is mostly used for building phylogenetic trees and also creating
sequence profiles which can be used to search distant related sequences in
database.

CLUSTALW is a popular program for multiple sequence alignment.
Both progressive global and local alignments can be done in Clustal.
The user has the option to control parameters to make the best alignments
{e.g., word size, matrix, gap open, extension, etc.). It also provides two
guide phylogenic trees, cladogram (equal length of branched tree showing
Common ancestry) or phylogram (unequal length of branched tree showing
evolutionary distances). Alignment can be further edited using Jalview
Program (http://www.ebi.ac.uk/jalview/).
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Sequence assembler

Two well known methods are applied to generate genome sequences.
One is called clone by clone (CBC) approach and other is whole genome
shotgun (WGS) method. Both mcthods create many small overlapping
sequenees or reads, which are eventually assembled by computer software
to build the sequence contigs.

Phred/phrap/consed package

a. Phred software calls bases by reading electropherogram or trace files
as raw data and assign the quality value to each base.

b. Phrap is a program for assembling shotgun sequences based on sequence
overlap. (htip://www.genome.washington.edu/UWGC/analysistools/
Phrap.cfm)

¢. Consed is a program for viewing and editing phrap assembly in its
finishing phase. It shows global assembly view with forward-reverse
pairs, read depth and repeat match. Independent from phrap assembly,
Consed also allows breaking or joining contigs by comparing contigs.
fn sifico digestions can be generated and compared with real digestions
to verify the overall assembly in final finishing. For primer walk in
finishing phase, Consed provides built-in primer picking funetion.

Whale genome assembler

Whole genome assembly is a challenging procedure because it
processes hundreds of thousands of reads at a time so repeat sequernces
possibly cause mis-assembly. Development for WGS assembler thus focuses
onreducing computation time and resolving mis-assembly problems caused
by repeat scquences in the genome.

a. PCAP is a contig assembly program using parallel computer processors.
First, it removes vector and low quality area from reads. Then, it uses
BLAST2 to identify pairs of reads that contains potential overlaps.
Identification of repetitive regions in reads is based on deep coverage
by longer approximate matches. The score of every overlap is adjusted
to reflect the depths of coverage for the two regions in the overtap. The
consensus scquence of a contig is generated by constructing an alignment
of reads in the contig. Human chromosome 20’s assembly is simulated
with PCAP and it showed N50 contig with scaffold length of 41 kb and
2Mb, respectively.

b. Phusion program first read group sequences by determining the number
of times that sequences of length k (called #mer word) occur in the

38 e




Bioinformatics packages for sequence
analvsis and practical applications :

data, and eliminates reads representing highly redundant &-mer
sequences, It generates reads list and matrix based on reads showing
iess repetitive or unique A-mer distribution.

EST clustering

Expressed Sequence Tag (EST) 1s useful information in a sense that
it is a profile of expressed gene sequences. It usually does not contain full
length gene sequence because about 600 bp scquences are generated from
5" and 3’ end of cDNA clones. At the same time EST permits fow quality
bascs due to single pass sequencing and often some sequences are highly
redundant in certain genes. In order to overcome thesc disadvantages and
collect more unique sequences (called UniGene), clustering ESTs is
necessary. Phrap, TIGR assembler and CAP3 are used to ctuster or assemble
EST data.

Gene prediction

(Gene prediction is one of the important subjects in genome projects.
In cukaryotes, gene prediction and annotation is not a simple process mainly
because of the various sizes of introns (uncoding sequences) located
between exons (coding sequences). Inaddition, many genes have alternative
splice variants. In other words, every eukaryotic gene shows different
struetures and length to be predicted.

Mainly three groups of gene prediction programs have been developed for
genome wide annotation.

Ab initio program: FGENESH, Genscan, Grail, MZEF and HMMgene.
Similarity based program: CRASA, AAT and AgenDa.

Combined methods: GenomeScan, Procrustes and FGENESH.
Repeat identification

Repetitive sequences oceupy a large portion of most eukaryotic
genomes and are divided into tandem (including simple sequence repeats
or 8SRs) and interspersed repeats. Transposable elements (TEs), one of
the interspersed repeats, are the most abundant in repeat family.

@. RepeatMusker at http://repeatmasker.org is a widely used program to
find interspersed repeats (LINEs, SINEs, LTRs and DNA elements}),
simple sequence repeats (SSRs} and low complexity regions in the
sequences using similarity search against well defined repeat database.
User defined repeat database can be used to seareh against in stand-
alone RepeatMasker.
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b. RECON allows de novo detection and classification of repeat family in
genomic sequences, RECON algorithm detects and groups repeats in
the genome sequences by blast itself and clusters them to a repeat family
using multiple sequence alignment. This approach helps repeat
annotation by determining repeat boundaries in genomic sequences and
also enables identification of new repeat elements. RECON is available
from http://www.genetics.wustl.edu/cddy/recon/.

Other programs

a. PipMaker is atool to align two sequences and generates a percent identity
plot (PIP) and dot plot as output. PipMaker analysis can be performed
at http://pipmaker.bx.psu.edu/pipmaker/ _ zPicture program http:/

zpicture.dcode.org/ provides more dynamic alignment and visualization
of comparing two sequences.

b. rVISTA-Regulatory Vistaisa computational tool to identify evolutionary
conserved transcription factor binding sites (TFBSs) by multiple
alignment of orthologous sequences foliowed by prediction of TFBSs
using TRANSFAC database coliected from eukaryotic transcription
factors. rVISTA 2.0 is available at http:/rvista.dcode.org/.

¢. MUMmer is 2 tool that allows rapid alignment of two large nucleotide
or protein sequences or even genome to genome for comparison.
Software is available at ftp://ftp.tigr.org;’pub/software/MUMmer.

d. EMBOSS stands for The European Molecular Biology Open Software
Suite and is developed for the molecular biology community. Currently,
more than 100 programs are available in EMBOSS package grouped
by analysis functions such as alignment, display, edit, enzyme kinetics,
nucleotide, protein analysis and phylogeny. Many more applications
will be added in the near future. It is difficult to describe all the programs
here but EMBOSS is mainly used for sequence alignment, restriction
map, CpG island analysis, primer design, sequence extraction, sequence
retrieval from database, codon usage analysis, protein motif analysis
and many more applications. It runs on UNIX environment with
command line mode (http://www.hgmp.mrc.ac‘uk/SOftwarefEMBOSSf’
download.html).

Some important web addresses for further information

NCBI (Pubmed) http://www.ncbi.nlm.nih.gov/pubmed
NCBI (Genbank) http://www.ncbi.nih.gov/Genbank
DDBJ http://www.ddbj.nig.ac.jp
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Infobiogen

SWISSPROT

EMBL

PDB (PROTEIN DATA BANK)
PIR (Protein Information Resource)

Munich information center
for protein sequences

Welcome Trust Sanger institute

The Institute for Genomic Research
Ribosomal Database Project
European Ribosomal RNA Database
Probe base

The ARB project

if

http://www.infobiogen. fr/services/dbcat
http://www.expasv.ch

http//www .ediacuk
http://www.rcsb.org/pdb
http://fwww.pir.georgetown.edu

http://mips.gsf.de
hitp/fwww.sanger.ac.uk
http:/fwww.tipr.org
http://www.rbp.cme.msu.edu
http://www.rmna.uia.ac.be
http://www.microbial-ecology.de

http://www.air-home.de
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Isolation techniques for soil borne fungi, bacteria
and nematades

R Suseela Bhai & Santhosh J Eapen

Soil harbors various types of micro flora and fauma such as viruses,
bacteria, fungi, algae, protozoa, nematodes, worms and arthropods. They
may be saprophytic or parasitic capable of living within or outside the
cells of higher or lower forms of life. A culture containing a single
unadulterated species of cells is called a pure culture.

Several different techniques are available to isolate and study
microorganisms in pure culture. Several media also have to be employed
for isolating targeted organisms.

Isolation of fungi and bacteria from soil

To isolate fungi and bacteria, representative soil samples have to be
collected from different places in the field and representative or composite
samples may be used. For composite samples, the samples should be
collected at random and mixed thoroughly. Depending upon the objective
of the studies, soil samples should be collected from different depths such
as 0-8cm (surface layer), 8-15cm and 15-30 cm, respectively. The different
layers of soil vary greatly in their microbial population. These may be due
to the influence of rhizosphere, which is the portion of soil adjacent to the
Toot system of the plant and is influenced by the root system. The collected
samples have to be stored separately in sterilized bottles and have to be
assayed for microbial population at the earliest or within 10-15 days.

Techniques used for isolation of microorganisms include serial
dilution agar plate, Warcup soil plate, syringe inoculation, immersion tube,
screened immersion plates, plate profile, hyphal isolation, soil washing,
partial pre sterilization, soil sieving , floatation baiting etc, A single method
cannot be used to count all the different types of fungi present in a given
sample. To have a complete spectrum of fungi present, a sample has to be
Processed by a variety of techniques.

) Though various methods are available to isolate and enumerate
ficroorganisms, the serial dilution agar plating method or viable plate count
Method and Direct soil plate or Warcup soil plate method are two most
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widely used methods for the fungal isolation. Serial dilution agar plating is
the commonly used method for the isolation and enumeration of bacteria
or actinomycetes from soil.

Serial ditution agar plating method

The serial dilution agar plating method is based upon the principle
that when material containing the microorganism is cultured each viable
microorganism will develop into a colony. The number of colonies
appearing on the plates rcpresents the number of living organisimns present
in the sample. This will merely give the number of organisms present in
the soil sample which are able to produce visible colonies on the specific
nutrient medium used. Many other organisms will not be evident because
of the nature of isolation medium and the incubation temperature or fail to
develop into distinct colonies because of the competition on the agar plate.
Hence the media and incubation conditions may be modified accordingly
to achieve the isolation of target microorganisms present in the soil.

Procedure : A known amount of the soil is suspended or agitated in a known
volume of sterile water (1g soil in 9 ml to make the total volume to 10ml)
to make a microbial suspension. The dilutions can also be made in 0.85%
sodium chloride in place of sterile distilled water. Serial dilutions (107,
107, 10%, 10%, 10, 107 etc) are made by pipetting measured volumes into
additional dilution blanks (1ml or 10m} from each dilution to 99ml or 90m!
sterile water blank). Finally 1 ml aliquot of various dilutions is added to
sterile Petri dishes to which are added 15 m] of the sterile, cool molten
media. Upon solidification, the plates are incubated in an inverted position
for 3-7 days at 25°C. The number of colonies appearing on dilution plates
may be counted, single colonies sub cultured and purified for further studies
(10°-10* for fungi, 10°-10"" for bacteria).

Usually Nutrient Agar is used for bacterial isolation and Glycerol
Yeast Agar for actinomycetes, and Czapek-Dox agar, Rosc Bengal Agar or
Sabouraud Agar medium supplemented with chlortetracycline or
streptopenicillin 10pg/ml for fungi.

Direct soil plate or Warcup soil plate method

In this method soil samples are air dried and add 0.005- to 0.15g
soil in 5 sterile Petri dishes with the help of a sterilized cooled loop or
transfer needle. To this add 15-20ml moiten cooled media supplemented
with streptopenicillin and Rose Bengal (Rose Bengal Agar). Dispense the
particle through out the medium by gentle rotation of the Petri plate and
allow it to solidify. Then incubate the plates at 25°C in an inverted position
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for 15 days. Obscrve for the appearance of the colonies after 3 days of
incubation and continue till 15 days. Purify various fungal isolates these
obtained for identification and maintain for future use.

10g soil+90 m] SDW
or 0.85% NaCl

imi Iml I ml

Spread 0.1 m] on Petri dishes
containing appropriate nutrient medium

} .

Incubate the plates at 37°C for 24-48 hours in an inverted
position for bacteria and 24-28°C for 72-96 hours for fungi

}

Count number of colonies of microorganisms in each plate using colony counter

Calculate the number of fungi/bacteria/g soil using the formula

Viable cells/g dry soil = Mean Plate Count % Dilution Factor
Dry weight of soil

Fig 1. Serial dilution agar plate technique

SDw . Sterile Distilled Water
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Soil also contains thermophilic bacteria particularly Bacillus sp. in
varying numbers. Their presence and frequency can be estimated by
incubating duplicate plates at 50-55°C for 24hr.

The number of heat resistant endospores in the soil sample may be
estimated by holding 10 and 10+ dilutions in a boiting water bath for two
minutes. prior to plating out. The heat treatment will kill the majority of
the organisms present with the exception of heat resistant spores.

Selective isolation

The isolation of specific group of microorganisms will necessitate
using selective isolation media. So dilutions may be plated out in Czapek
Dox agar to discourage growth of bacteria and encourage the development
of fungi. The use of PDA adjusted to pH 4.5 will encourage the growth of
yeasts and a tap water agar containing 1% {w/v) glycerol and 0.1%(w/v)
asparagine will favor the development of actinomycete colonies. The
number of azotobacter present in soil can be determined using Ashby's
medium.

Selective media have been devised for the isolation of many
pathogenic fungi, bacteria and actinomycete from the soil. Many rely on
the use of various antibiotics or fungicidal substances to suppress bacteria
or groups of fungi.

The carbon source experiment will also provide information on the
wide range of carbon sources utilized by soil microorganisms. For eg.
Chromobacterium violaceum from soil can be isolated using organisms
ability to utilize undegraded starch. A few rice grains are scattered on the
surface of moist soil in a Petri dish. The plate is incubated at room
temperature for three to 5 days. Some of the rice grains tum to purple
colour due to the growth of the deeply pigmented C. violaceum.

Isolation of fungi and bacteria from rhizosphere

The isolation procedures are same as for other soil sample except
that the rhizosphere soil is taken for isolating organisms. To obtain
thizosphere soil, the soil is dig carefully to expose the lateral roots from
targeted plant and the roots 2-5 cm from the tip are cut. They are tapped
against the palm to remove as much of adhering soil as possible. Bits are
transterred to 100 ml sterile water in 250 ml Erlenmeyer flasks. Sample in
the flask is shaken for 5 minutes in rotary shaker or in hand for 3 minutes.
Serial dilutions of the suspension are made with sterile water as explained
elsewhere and plated in appropriate media to isolate the organisms. The
portion of the suspension left over after plating is transferred to an
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evaporating dish and dry weight of the solids is estimated. Microbial
population per gram of dry rhizosphere sample is calculated.
Baiting

Plant material can be used as bait to isolate specific pathogens from
the soil. Suitable baits include stem, leaves, surface sterilized roots, fruits
etc. Seedlings also can be used as baits to detect the presence of specific
pathogens. Baiting techniques are appropriate for zoosporic fungi as
germinating sporangia produce zoospores that can actively move towards
and infect the bait. The suitable baits can be applied 1o soil suspensions or
to water in which pieces of diseased roots or leaves have been added in
order to trap these fungi. For chitinous material it is customary to place the
dry baits on top of the soil, which must be kept moist.

Eg: Techniques for the selective isolation of Phytophthora from the soil

A) Baiting: Take approximately 100c¢c (100g) of soil to be tested in a beaker.
Add about 200ml of sterile water and mix it thoroughly using a glass rod.
Put 10-20 leaflets of A/bizzia, incubate under humid conditions at 24-28°C
for 72hr and observe for infection and confirm the presence of typical
sporangia of Phytophthora under the microscope. The infected baits may
be plated on PVPH media for isolation in pure culture.

Purification of microbial cultures

Purification generally involves the isolation of desired single spore
colonies from a mixture. It can be done by taking a small portion of fungus
on a culture loop and streaking it over an agar surface in a Petnt dish. As
the streak progresses the spore become more separated till individual
colonies are obtained. This is also possible by making a suspension of
spores in sterile water and streaking on agar. Another method of purification
is using serial dilution plating. The inoculums is prepared in sterile water
in test tubes and 1ml of the required final dilution is added to 15-20ml of
melted agar cooled to about 40°C and poured into sterile Petri dishes and
incubates.

Procedure: Growth of fungi obtained from soil dilution or by plating
diseased specimens may be purified for further studies. Purification can be
done by single spore isolation. A kit of the fungal growth is taken from the
Previously grown pure culture using a platinum loop (inoculation needle)
and suspend in sterile water. Add 1ml of the suspension in a sterile petri
Plate and pour the agar media and rotate the plate to disperse the fungal
Particles. Incubate the plates at 24-28°C. The single spore colonies formed
May be sub cultured to agar (PDA/CMA/PSA) slopes and maintain in the
BOD or refrigerator for further studies.
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Preservation and maintenance of cultures

Preservation technique range from continuous growth through
methods that reduce rates of metabolism to the ideal situation where
metabolism is suspended. Many fungi that produce resistant or dormant
Stiictures that enable them to survive adverse conditions and thesc can be
Stored in the laboratory to retain viability of the organism. There arc many
methods available for the preservation and storage of fungi. Continuous
growth techniques involve {requent transfer from deplcted medium to fresh
medium providing optimum growth conditions and there are also mcthods
that delay the need to subcolture. This method involve storage refrigerator,
freezer (~10°C to -20°C), under a layer of oil or in water. Drying, usually
of the resting stage such as sporcs ot sclerotia, can be achieved by air
drying in or above silica gel, in soil and by freezc drying.

1. Preservation on agar stands

Cultures are normally grown in test tubes or bottles on a nutrient
medium, usually an agar gel with added nutrients. Many fungi can be
Maintained in this way for years. Most fungi can be grown on PCA or mait
agar but some have specified growth requirements. Some fungi may need
sub culturing every 2-4 weeks, the majority in every 2-4 months, still others
may survive for 12 months without transfer.

Cultures can be stored at room temperature in a cup board to protect
the cultures from dust. But they may dry out rapidly in tropical climates
and must be transferred to fresh media at least every six months. Storage at
4-7°Cina refrigerator or cold room can extend the transfer interval to 4-6
months from the average period of 2-4 months.

2. Preservation under mineral oil

Covering cultures on agar slants (0° to the horizontal} in 30ml
Universal bottles with mineral oil prevents dehydration and slow down the
metabolic activity and growth through reduced oxygen tension. Mature
healthy cultures are covered by 10mm of sterile mineral oil (liquid paraffin
Or medicinal paraffin Sp. gr. 0.830-0.890 sterilized by autoclaving twice at
121° C for 15 min.). If the oil is deeper than 10mm the fungus may not
S}”'ViVe, whereas if the depth is less, exposed mycelium or agar on the
sides of the container may allow moisture to evaporate and the culture [0
dry out.

Cultures can be retrieved from oil. This is done by removing a small
amount of the colony on a mounted needle , draining away the oil as much
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as possible and then streaking on to a suitable agar medium. Growth of
this culture will be poor due to adhering oil, so sub-cuituring is necded by
re-isolating from the edge of the colony and transferring to fresh media.

3. Preservation in water

Agar blocks cut from the growing edge of the furgal colony are
placed in sterile distilled water in Mc Cartney bottles and the lids arc tightly
screwed down. They can be stored at 20-25°C. Retrieval is by removai of
a block and placing mycelium on a suitable growth medium. Any growth
during storage in water can be reduced if the spores or hyphae are removed
from the surface of agar media and no medium is transferred. Phytophthora
and Pythium specics can be stored in water for a period of 2-3 years without
any loss of viability.

4. Preservation at ultra low temperature

Mctabolisim can be suspended by reducing the water availability in
the cells by dechydration and freezing so that there is no medium for life
processes to function. The temperature of the frozen material must be
reduced below -70° to achieve condition where no physical or chemical
reaction can oceur requires storage below -139°C. An original culture should
be preserved without sub culturing and a sced stock should be stored
separately from the distribution stock. After prescrvation, the viability, sporc
germination, purity and idertity should be rechecked and compared with
data recorded before preservation.

Isolation of nematodes from soil

Nematodes are the most numerous multicellular animals on earth. A
handful of soil will contain thousands of the microscopic nematodcs and
mary of them are parasites of insects, plants or animals. They are siructurally
simple organisms and have been characterized as a tube within a tube;
rfiferring to the alimentary canal which extends from the mouth to tail. In
$1ze they range from 0.3 mm to over 8 mcters.

The nematodes will occur around the plant root zone at depths 5-
30ctn or at the surface layers. Assessment of nematodes in fields can be
done b_y taking individual samples or by taking a large number of samples
from similar plants ard bulking into one composite sample before extraction
f]r:rinfllrther P{OCessing. The time of sampling can be eritical. Nun}bﬂr of
o \:itodcs will be lesser during the dry or winter months, out51d.c the

Bg season. The most representative picture on nematodes will be

btaj . ! )
:’e;alned by sampling the plants from the middle to the end of the growing
son.
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Nematodes can be extracted from the soil by various techniques.
Some of the methods are Bearmann funnel method, tray method, Cotton
woo] filter method, flotation, sedimentation and sieving methoed, Cobb
decanting and sieving method, elutriation, centrifugal floatation and
flocculation and sieving method. Most extraction methods depend on either
the Baertann funnel or its modifications where the motility of the
nematodes is used to separate them from inert debris. Some of the common
techniques are described here.

Baermann funnel techniques

This method requires a funnel with a piece of rubber tubing attached
to the stem and closed by spring or screw clip. The funnel is placed in a
suppart and almost filled with tap water. Finely crumbled soil is placed in
a square of butter muslin which is folded to enclose the material, then
gently submerged in the water in the funnel. Active nematodes pass through
the cloth and sink to the bottom of the funnel stem. After some hours a
small quantity of water containing the nematodes is run off and collected
in a dish. The suspension from the dishes can be concentrated by passing it
three or four times through 45u aperture sieve washing the nematodes off
the sieve cach time into a collecting vessel or through a bank of three or
tour such sieves.

Tray method

The basic tray method is where active nematodes move from the
soil into dish of water by tissue or muslin cloth supported by various devices
such as plastic sieves. Water is added to make the soil moist and the
extraction left for 24hr after which the extraction filters is carefully remaved
and the water -nematode suspension poured off into beaker.

Sieving

Sieving involves pouring a suspension of soil (100-500ml in a bucket
of water) through a bank of suitable sieves. Usually a sieve mesh of 75pm
and 53 pm are adequate and for maximum retention of nematodes ideally
there should be two -three 53jum sieve in a bank with one or two 75um
sieves on top. The material wrapped on each sieve is then washed into 2
beaker with a gentle jet of water applied to the back of each sieve.

Cotton wool filter method

Mix soil thoroughly in about 750 ml of water in a container and
allow to stand for 10 sec. then decant into second container. Rinse remaimng




Isolation techniques for soil borne fungi, |
bacteria and nematodes

soil in the first container 2-3 times and decant as above. Quickly pour off
the whole suspension from the second container on to a double cotton
wool filter about 18cm in diameter, supported on a coarse -mesh sieve
followed by one liter of clean water. The suspension and the additional
water should be poured on to a watch glass on the filter, which is just
under water in a dish to prevent damage to the filter and get more even
distribution. Then transfer the filter to a shallow extraction dish which
contains just enough clean water to keep the filter wet. Carefully remove
the filter after 12-24h when most of the active nematodes will have collected
in the extraction dish.

Floatation sedimentation and sieving technigues

In this method soil sample is suspended in water and after a short
petriod during which heavier particles are allowed to sink, the supernatant
fluid is sieved. In general, most dorylaimids are caught on a 250p-aperture
sieve, adults of average size nematodes on a 90p-aperture and many larvae
and small adults on a 63y aperture sieve. A 45y aperture sieve is required
for small larvae. Only a small portion of the nematodes are caught when a
suspension is poured once through even the finest sieve, It is better to use
a bank of sieves or to pour the suspension three or four times through the
finest sieve in use, collecting the residue of the sieve each time. The diameter
of the sieve, the quantity of water used and the amount of debns collected
on the sieve will affect the number of nematodes retained.

Cobb decanting and sieving method

This method is used to get a general idea of the nematode fauna ina
sample. Here a range of sieves is used through which a soil suspension is
poured serially. Usually sieves having apertures 1mm, 710p, 250u, 150,
90pand 63p are used.

Soak the soil sample for a few hours in a container. Stir the muddy
mixture and pour it through a 1mm aperture sieve into a second container.
Add more water and repeat the process. Rinse the material on the sieve
either with a gentle jet of water so that the washings are collected in the
Second container or partially immerse the sieves and debris in the second

Container and gently shaking the sieve. The residue contains few larger
Nematodes.

After stirring the contents of second container pour them through
7‘10Ll and repeat the procedure as above and collect the residue from the
Sleve. Repeat the operations with the remaining sieves, collecting the
Stevings each time in an appropriately labeled beaker.
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Cleaning nematode suspension

Metal or plastic rings 6-Bcm diameter and 2¢m deep are fitted with
a piece of butter muslin stretched over one end and held by a rubber band.
A doubled piece of cotton wool milk filter or paper tissue is placed on this
sieve and the suspension of nematodes and debris poured on to it. The
nematodes are at first retained on the sicve which is then placed in clean
water in a small dish until the debris is just finmersed. This is feft undisturbed
for overnight; the nematodes wriggle through the filter and eollect in the
dish.
Killing and fixing

Neamatodes are best kilied by gentle heat (55-60°C) in water. After
killing the sample 1s left to cool and then the whole nematodes suspension
is fixed by adding an cqual volume double strength fixative. Individual
nematodes can also be picked and transferred to cold fixative at the normal
strength,

Fixatives Normal Strength Double strength

1. TAF
40% Formaldehyde (Formalin) Tml 7ml
Triethanolamine 2ml 2ml
Distilted water 91 ml 45ml

2. FA 421
40% Formaldehyde (Formalin) 10ml 10m]
Glactial acetic acid Iml 1ml
Distilled water 29 mi 45ml

3. Formaldehyde (Formalin) 2% (5%) 4% (10%)

Nematodes in fixative should be left for 12h or overnight before
processing

Storage of extract

Many nematodes remain in good condition for several days in water
at 4°C. Contaminating micro organisms can be suppressed by adding 3
drops of 5% streptomycin sulphate solution at 5ml nematode suspension
or by storing the nematodes in a 0.02% Aretan solution.
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Conclusion

Several different techniques are applied to isolate and study
microorganisins in pure culture. For isolation several different media are
also employed. Among the various methods serial dilution agar plating
method or viable plate count method is the most commonly used procedure
for the isolation and enumeration fungi, bacteria and actinomycetes which
are the most prevalent microorganisms. Similarly for nematode isolation,
the Cobb decanting and sieving method and its modifications are used
widely for the extraction of soil nematodes which is easy and less time
consuming. '
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ANNEXURE 1

Nutrient agar

Peptone 5.0g
Beef Extract 3.0g
NaCl 5.0g
Distilled water 1000ml
pH 7.0

Glycerol yeast extract agar (pH 7.0)
Glycerol 5.0ml
Yeast Extraet 2.0g
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Dipotassium hydrogen phosphate 1.0g

Agar 15.0g
Aureomycin 0.01g
Distilled water 1000 mti

Potato dextrose agar (PDA)

Potatoes T 200g
Dextrose 15g
Oxoid agar no:3 . 20g
Tap water 1000 ml
Czapek (dox) agar (CZ)

Sucrose (Analar) 30g
Agar 20g
Czapek stock solution A 50 ml
Czapek stock solution B 50 m!
Distilled water 900ml

Czapek stock solution A

Sodium nitrate (NaNO,) 40g
Potassium chloride(KCl) 10g
Magnesium sulphate (MgSO,.7H,0)  10g
Ferrous sulphate (FeSO,.7H,0) 0.2g
Distilled water 1000m]

Store in refrigerator

Czapek stock solution B

Dipotassium hydrogen phosphate(K2ZHPO,) 20g
Distilled water 1000ml
Store in refrigerator

Dissolve agar in distilled water using a double saucepan: add sucrose and
stock solutions prior to autoclaving at 121°C for 20 min.
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gabouraud dextrose agar (SDA)

Dextrose {or maltose)
Peptone

Oxoid agar no:3
Distilled water

40g
10g
20¢g
1000m]

I
-

Dissolve agar, add dextrose and dissolve. Add peptone and adjust pH to3.6.
Autoelave at 121°C for 20 min.

Trichoderma specific media (Elad & Chet 1983)

Magnesium sulphate

Dipotassium hydrogen phosphate

Potassium chloride
Ammonium nitrate
Glucose
Chloramphenicol
Ridomil

PCNB

Rose Bengal

Agar

Distilled water

3.00g
0.25¢
0.3g
0.2¢g
0.15¢
20g

1000m]

0.2¢g
0.9g
0.15g
1.00g

Rose bengal agar (Martin, 1950) (for fungi)
Potassium di hydrogen phosphate

Magnesium sulphate
Peptone

Dextrose

Rose Bengal

Apgar

Streptomyecin
Distilled water

lg
0.5¢

5g

10g
0.03g
20g

1%
1000ml

Kings B medium (for fluorescent pseudomonas)
20.0g

Proteose peptone
K. HPO,

1.5¢
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Glycerol.

MgSO, 7TH,0
Agar

Distilled water
Cycloheximide
Chloramphenieol
Ampicillin

Piant Pathogens and Their Biocontro!
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10.0ml
1.5g

18¢g
1000ml
100ug/ml
13pg/ml
40ug/ml

N-free Bromothymol medium (for Azospirilfum)

Malic acid
KOH

K,HPO,
FeSO,H,0
MnSO,.H.,0
MgSO0,.7H,0
NaCl

CaCl,
Na,MoO,
Bromothymol Blue -
Agar

Distilled water
pH

5.0g
4.0g
0.5g
0.05¢g
0.01g
0.1g
0.02g
0.0ig
0.002g
2ml
17.5g
1000ml
6.6-1.0

Pikovskayas agar (for phosphate solubilizing bacteria)

Glucose
Ca(PO,),
(NH,),50,

KCl

MgSO, 7H,0
MnSO,

FeSO,

Yeast Extract
Agar

Distilled water

10g

5g
0.5¢
0.2¢
0.1g
frace
trace
0.5¢g
15g
1000m]
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P, VP medium

(for Pythium isolation)

Medium Difco corn meal 17 g/l
Ingredients : agar (CMA)
Pimaricin 10 ppm (= l0ug/mlor 10 mg/ L
Vancomyecin HCL 200 ppm
Pentachloronitro- 100 ppm
benzene (PCNB)
Chemical Final concentration Amount needed in IIX stock
In medium
Per ml per 100ml
Pimaricin Act. Ingr., 10 ug/m! (110 ug/ ml)
If purity is 25 mg/ml, 0.0044 ml/ mi 0.44 ml/ 100 m]
(2.5% suspension), use
0.0004 ml/mi.
If purity is 90.5% (dry ~ 121.55 ug/ ml
Powder), use 11.05 ug/ml.
Vancomycin  Act. Ingr,, 200 ug/ ml (2,200 ug/ ml)
1f purity is 98%, use 2,245 ug/ ml 224.5 mg/ 100 m)
204.1 ug/ ml.
If purity is 100%, use 2,200 ug/ ml 220 mg/ 100 m!
200 ug/ ml,
PCNB Act. Ingr., 100 ug/mi (1,100 ug/mi)

If purity is 75% (wett-

able powder) use 133

ug/ml.

1, 463 ug/ ml

146.3 mg/ 100 ml

1) Ifpowdered Pimaricin is used, first dissolve the 12.2 mg of Pimaricin
in 5 ml of dmethylsulfoxide (DMSO) in a sterile bottle, then add 95
ml of sterile distilled water. To the 100 ml of microsuspension of
Pimaricin, add the powders of vancomycin and PCNB. The finat
concentration of DMSO in the P10VP medium is less than 0.5 %.

2)  Add the IIX sock sotution in an appropriate amount (10% of the volume
of CMA) to the melted CMA temperature of about 43-45 °C.

€.g., 20ml of IIX stock to 200 ml CMA, making the total volume 220

———
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ml or 50m! of IIX stock to 500 ml CMA, making the total volume 330

mh.

3} Mix the medium in the bottle by reciprocal tilting action (Do not mix
by shaking).
4) When used in soil dilution plate experiments, pour 15-16 ml medium
into each 100-mm Petri plate top which 1 ml soil suspension has been
added carlier.

5) Incubate the plates in the dark.

PVEH medium (for Phytophthora isolation)

Medium Difeco corn meal 17 g/1.
Ingredients : agar (CMA)
Pimaricin 10 ppm (= 10 ug/ml or 10 mg/ 1,
Vancomycin HCL 200 ppm
Pentachloronitro- 100 ppm
benzcne (PCNB)
Hymexazol 50 ppm
Chemical Final concentration Amount needed in IIX stock
In medium
Per ml per 100m}
Pimaricin Act. Ingr.
10 ug/ml (110 ug/ ml)
If purity is 50% use
20 ug/ m! 220 ug/ ml 22 mg/100ml
If purity is 90.5%, 121.55 ug/ ml 12.2 mg/100mi =
use 11.05 ug/ml. 5
Vancomyein ~ Act. Ingr. 200 ug/ mi {2,200 ug/ ml)
OR
126 mg/ 100 If purity 1s 98%, use 2,245 ug/ mi 224.5 mg/ 100 ml,
ml of 204.1 ug/ ml. ‘
Ampicillin .
If purity is 100%, use 2,200 ug/ ml 220 mg/ 100 ml
200 ug/ mlL
PCNB Act. Ingr. 100 ug/ml (1,100 ug/ml)
75%
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If purity is 75%, 1, 463 ug/ ml 146.3 mg/ 100 ml
use 133 ug/ml.

Hymexazol  Active ingredient, {550 ug/mi)
50 ug/ml
Ifpurity is 99.4%, 553 ug/ml  55.3 mp/ 100 ml
Use 50.3 ug/ ml

1, To prepare 100ml of IIX stock solution, first dissolve the Pimaricin
powderin S ml of dmethylsulfoxide (DMSQO) in a sterile bottle, then
add 95 ml of sterile distilled water, (For 150ml of IIX stock, for
example, use 7.5 ml of DMSO). To the 100 m] of microsuspension of
Pimaricin, add the (powders of Vancomycin, PCNB, and Hymexazol.
The final concentration of DMSQ in the PVPH medium is less than
0.5%.

2. Add the IIX stock solution in an apprepriate amount (10% of the
volume of CMA) to the melted CMA at temperature of about 43-45°C.

3. Mix the medium in the bottle by reciprocal tilting action. (Do not mix
by shaking)

4.  When used in soil dilution plating, pour 15-16ml medium into each
100 mm Petri plate to which 1 m! soil suspension has been added
carlier.

5. Incubate the plates in the dark.
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Preparation of reagents and DNA isolations

A Kumar, R Aravind & V Vinod

1. Basic techniques: Agarose gel

Reagents and matenal

Agarose

Tris (hydroxymethyl}-amino methane.

Na-EDTA,

Boric acid.

Ethidium bromide

(1,7-diamino- 10-ethyl-9-phenylphenanthridiniumbromide)
Sodium hydroxide pellets, NaOH

TAE 50x.

Solutions

0.5M EDTA: Add 186.1 g Na-EDTA to 800 ml H,0O and stir vigorously on
a magnetic stirrer. Adjust pH to 8.0 with NaOH., Autoclave the solution.
EDTA wiil dissolve at pH 8.0.

TBE-buffer 5x stock: Add 54 g Tris and 27.5 g boric acid to 800 ml ultra
pure H,0. Add 20 ml 0.5M EDTA. Adjust volume to 1000 ml with ultra
pure H,0.

TBE-buffer 0.5x; Before use the TBE-buffer 5x has to be diluted 10x: mix
100 m! TBE-buffer 5x with 900 ml u]tra pure watef.

Ethidium bromide: Dissolve 10 mg ethidium bromide in 10 ml ultra pure
H,0.

TAE-buffer 1x: Mix 200 mi TAE 50x with 9800 ml ultra pure water.
Protocol

»  Transfer the appropriate amount of agarose to a 300 ml Erienmeyer-
flask.

Add half of the total amount of buffer, but at least 100 m1 to the agarose.

»
»  Heat the solution in a microwave oven; at high concentrations agarosc
will start to foam, stop the cooking process before it boils over.

>

Rotate the Erlenmeyer flask carefully.
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»  Lcave the Erlenmeyer-flask for a few minutes and repeat step 3 for
10-20 seconds, unti] agarose has dissolved completely.

»  After dissolving, boil agarose for 10-15 seconds.

»  Adjust volume with the rest of buffer to the right volume. Mix warm
and cold solutions. Heat solution n microwave oven if necessary.

»  Lecave agarosc to cool to 55-60°C.

»  Pipette cthidium bromide and swirl Erlenmeyer-flask.

»  Tape gel tray on both sides and water level it.

»  Pour agarose solution into the gel tray after cooling (55-60°C).

»  Swirl Erlenmeyer flask occasionally.

»  Remove air bubbles with a pipette tip and place the comb(s).

»  Leave agarosc to solidify. After solidifying, the agarose can be cooled
in a refrigerator.

»  Remove tapes and place gel tray into the electrophoresis-container;
the electrophoresis-container is filled with the same buffer as used for
the agarose gel.

» Remove comb(s) carefully without damaging the slots.

»  Add a sufficient amount of buffer to the cleetrophoresis-eontainer to
cover the gel with a thin layer of buffer.

Remarks

At high concentration, TBE may precipitate after long-time storage,
showing a white [ayer. To prevent this, 5x solutions of TBE should be kept
at room temperature in glass bottles. If the buffer shows precipitation, it
should be thrown away. In the original protocol a 1x buffer solutions is
used for agarose gel electrophoresis, but a 0.5x solution has enough buffer
capacity though. For TAE-buffer the concentration should be 1x to have
enough buffer eapacity.

Ethidium bromide is a potent carcinogen and mutagen. Literature is
not always clear about it, but it is advised to wear protective clothes while
handling. Use goggles and gloves. By influence of UV-light ethidium bro-
midc beeoincs less mutagenic/ carcinogenic. Solutions and gels containing
ethidium bromide should be decontaminated before they are disposed of.

The level of buffer above the gel should be as small as possible.
With a high level of buffer the current will not entirely go through the gel
but also through the buffer.
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2. General methodology for isolation of DNA from fungi and ather
microorganisms

Fungal cells contain a thick rigid ccll wall. When isolating DNA
from fungus, the yield and quality of DNA depends on the extent of ruptur-
ing ccll wall and the degree of carbohydrate and protein contamination.
The best protocol is the one that effectively ruptures the cell wall and mini-
mizes contamination.

CTAB method

One gram of four days old fungal mycehum 1s ground 1in hquid N,
and immediately transferred to Sml CTAB extraction buffer (2%w/v CTAB,
100mM Tris-Cl, 20mM EDTA pH 8.0, 1.4M NaCl) preheated at 65°C. The
contents are mixed well and incubated at 65°C for 30 minutes. DNA is
extracted with equal volume of chloroform: isoamyl alcokol {24:1} for 15
minutes on a rocking platform. The two phases are separated by centrifuga-
tion at 12,000 rpm for 5 minutes. The aqueous phase is separated and the
DXNA is precipitated with 2/3rd volume of isopropanol. DNA is pelleted by
centrifuging at 12,000 rpm for 5 minutes. The pellet is air dried and dis-
solved in 500ml of sterile distilled water.

SDS method

One gram of mycelium is ground using liquid N, and transferred to a
sterile centrifuge tube. To this 10ml of STE extraction buffer (320mM Su-
crose, 10mM Tris-Cl, 20mM EDTA, 75mM NaCl and 2.5mi of 20% SDS)
is added and incubated for 10 minutes in water bath followed by extraction
with egual volume of phanal: ehlorofomn (1:1) The aguesus phase ir Lakon
and DNA precipitated with 2/3rd volume of isopropanol. DNA is pelleted
by centrifugation at 14,000 rpm for 15 minutes and washed with 70% etha-
nol, air-dried and dissolved in 500ml of sterile distilled water.

SDS method using powdered glass
In thas method, fine powdered glass made from glass wool is em-
ployed. One gram of mycelium is ground with powdered glass with enough

STE buffer to saturate the powdered glass. The rest of the method is same
as in the above protocol.

SDS method using minigrinder

This method is the most successful one giving good quality DNA in
high yield. To effect disruption of rigid chitinous cell wall, a minigrinder
(Sigma) is employed. This minigrinder is designed such that it fits in the
microfuge tube and effectively distupts the cell wall which is reflected in
the high DNA yield.
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DXNA isolation from Phytophthora

0.1g of four days old mycelium + 750m] of SDS extraction buffer + SOmg
of polyvinyl polypyrolidone + 10mg of glass powder

Grind well with minigrinder.

Centrifuge at 13,000 rpm for 5 minutes.

Add mixture of phenol: chloroform: isoamvl alcohot (25:24:1) to supernatant
Mix well.

Centrifuge at 13,000 rpm for 5 minutes.

Add isopropanol (2/3 vol).

Centrifuge at 13,000 rpm for 10 minutes.

Look for DNA pellet and wash the pellet in 70% ethanol by centrifuging at
13,000 rpm for 2 minutes.

Dry the pellct and add 50ml of sterile distilled water with RNAse (20ug/
mi).

Isolation of DNA from Trichoderma
Trichoderma source

The Trichoderma isolates can be obtained from wide varicty of agro-
ecosystems. Many of them have been tested as effective biocontrol agents
against a number of plant pathogens. Some of them have remarkable resist-
ance against metals and a few have very good commercial prospects.

Purification of Trichoderma

With the help of a sterile loop, fungal spores were taken from agar
slants and resuspended in Imi sterile distilled water in a microfuge tube.
The suspension was serially diluted to 10~ dilution. Isolated colonies were
obtained by pour plating and/or by streaking on Trichoderma specific me-
dium (TSM). The plates were incubated at 28°C,

Production of fungal mycelium

For subinerged culture, well-isolated colonies are used for inocula-
tion in 50 ml of TSM basal broth and the fungus is cultivaied with constant
shaking at 180 rpm and 28°C.

Preparation of mycelium for DNA isolation

Four days old submerged culture mycelium is used for DNA isola-
tion. The myeelium is filtered out on a sterile Whatman No. 1 filter paper
and washed thrice with sterile distilled water to remove traces of the me-
dium. The fungal mass is air dried to remove excess of moisture. Mycelium
is used either fresh or stored at —80°C for subsequent use.
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DX A isolation from fungi by SDS method (eg. Trichoderma harzianum)

Transfer 200mg mycelium in a microfuge tube.

Add 100m! STE extraction buffer and grind well for 3 minutes using
minigrinder.

Add 400m] STE buffer and grind again for 2 minutes.

Finally add 500ml of STE buffer and 250m) of 20% SDS.

Mix well and incubate at 65°C for 10 minutes.

After incubation divide the contents of the tube into two microfuge tubes.
Add equal volume of phenol: chioroform (1:1} and mix gently.

Centrifuge at 5000 rpm for 3 minutes to separate the phases.

Re-extract agueous phase with phenol: chlorofonm (1:1).

Collect the aqueous phase and precipitate DNA with 1/10th volume of 3M
sodium acetate (pH 5.2) and 2 volumes of ethanol.

Wash the pellet with 500ml of 70% ethanol.

Dry pellet in vacuum for 20 minutes and dissolve in 100ml sterile distilled
water.

Store at 4°C.

DXNA isolation from nematodes

Incubate nematode suspension in 100 ml of extraction buffer (100mM Tris-
Cl pH 8, 100mM EDTA, 100mM NaCl, 0.5% SDS and 200 mg of protein-
ase K) a1 55°C for 3 h.

Grind the nematode suspension using a micro homogeniser to facilitate
lysis before incubation.

Dilute the samples with buffer saturated phenol and extract the DNA with
chloroform- i1scamyl aleohol (24:1).

Precipitate the DNA with isopropanol and dissolve in TE buffer {10mM
Tris-Cl, 0.1mM EDTA pH §).

Quantify the INA in a biophotometer.

Isolation of DNA from bacteria
Chenticals and reagents

Extraction buffer: 100 mM Trs HCI;, 100 mM EDTA; 100 mM Na, HPO;1 5
mM NaCl; 1% CTAB; Proteinase X-0.03pg/ml; Lysozyme -0.67pg/ml;
(Proteinase K and Lysozyme are heat labile. So these are added at the time
of use); SDS 20%; Chloroform: isoamyl alcohol (24:1); Isopropanol; Ethyl
alcohol 70%.

Protocol

Orne milliliter of bacterial culture (OD 0.5-1.0 at 600nm), Centrifuge at
10000G 20 min at 4°C.
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Resuspend the pellet with sterile distilied water. Centrifuge at 10000G 20
min at 4°C. Clean the pellet two times with sterile distilled water.

Add 675 pl of exiraction buffer and incubate at 37°C for 30 min.

Add 75pl of SDS (20%). Incubate at 65 °C for 2 hours.

Centrifuge at 6000G for 10 min at 4°C.

Collect the clear solution in a sterile Eppendorf tube.

Add equal volumes of Chloroform :1soamy) alcohol {24:1).

Centrifuge at 10000 G for 10 min at 4°C

Remove the aqueous phase to a sterile Eppendorf tube.

Add 0.6 volumes of isopropyl alcohol and incubate at room temperature
for Thour.

Centrifuge at 10000 G for 10 min.

Wash the pellet in 500ul of 70% ethanol.

Centrifuge at 10000 G for 10 min at room temperature.

Dry the pellet and dissolve in sterile distilled water.

3. Quality Analysis of DNA in agarose gels

The quality of isolated fungal genomic DNA is checked in 0.7% agarose
gel.

Melt 0.28g of Agarose in 40 ml of 1x TAE in a 150 ml flask by heating the
flask in a microwave oven.

Cool the molten agarose to 50°C and add 2ml of EtBr (10mg/ml). Cast a gel
in a gel-casting tray with properly placed combs.

Mix 10m] of DNA and 2ml of gel loading buffer and load the mix to each
well without spillover. .

Subject the gel to 3Vicm electricity for | hour in 1X TAE buffer.
Visualize the gel in Multi-imagei light cabinet (Alpha Imager 2200) and
the gel images can be captured by Charge-Coupted Device (CCD) camera.
Store the imnages as JPEG or TIFF extension file for analysis.

Dilute ali the DNA samples ten fold times and then quantify in a UV-VIS
spectrophotometer. The A260/A280 ratio is calculated to cheek the purity
of the DNA preparation,

Note: Visit www.molbiol ru for complete details of reagent preparation in
the day-(o-day molecufar biology experiments.
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Purification of plant viruses

A Ishwara Bhat

Isolation and purification of plant viruses are performed to separate
virus particles from plant constituents. Punified virus preparation 1s important
to study basic properties of a virus. The objective of purification is to produce
preparation containing only infective virus particles although it is difficult
to remove the last traces of host constituents. But plants infected with some
viruses contain a variable of virus products (particles of different length
and composition), and some virus particles lose their infeetivity during
purification.

The first step in the virus purification is to crush the cells and extract
the virus containing sap. Most of the larger constituents of sap such as
chloroplasts, mitochondria, starch grains, fragments of cell walls sediment
quickly and can be removed by brief low g centnfugation. Sap constituents
such as plant proteins, ribsomes and microsomes resemble virus particles
in size, composition and stability and that are the most troublesonie host
materials to remove when purifying viruses.

Stages in purification
Propagation of virus

Selection of the right kind of host plant for propagation of virus to
be purified is of very important. A good propagation host should be
susceptible and show high eoneentration in the plant, should not contain
high amount of phenolic compounds, mucilage, latex or other inhibitors.
Some of the plant species in the genera, Chenopodium, Cucumis, Nicotiana,
Petunia and Vigna have been found to be suitable propagation hosts for
purification of large number of viruses. The conditions under which the
plants to be grown and the time at which it is harvested should be
standardized to maximize the starting concentration of the virus.

Extraction of virus

Many viruses require a particular pH and ion strength for their
stability. Buffer solutions with pH values in the range of 7-8 are generally
used during extraction to keep the virus particles in suspension. Some of
the commonly used buffers include: borate, citrate, phosphate and tris.
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Oxidation affects stability of a virus during extraction, often leading to loss
of infectivity. Hence reducing agents such as sodium sulfite, sodium
thioglycolate, 2 mercaptoethanol, cystine hydrochloride are added to the
extraction buffer. Additives such as EDTA (sodium salt) are added to break
down ribosomes. However, this can be used only for viruses that do not
require divalent metal tons for stability.

The particles of many viruses aggregate and many compounds have
been used to reduce this tendency. Detergents such as Triton X 100, Tween
80 have been used. For potyviruses, use of urea was found useful in reducing
aggregation. Use of enzymes like pectinase and cellulase aids in both release
of virus particles that would otherwise remain in the fiber fraction. A varicty
of procedures are used to crush or homogenize the virus infected tissuc like
pestle and mortor, blenders and juice extractors, roller mills or meat mincer.
The crushed tissue is usually expressed through muslin cloth.

Clarification of the extract

The first step in virus purification is to remove macromolecular host
materials, leaving the virus in solution. This can be achieved by addition of
organic solvents, heating or addition of dipotassium hydrogen. The treated
extract is then subjected to centrifugation at low speed (10,000g for 10-20
min}.

Concentration of the virus

From the clarified extract, the virus can be concentrated by any of
the following methods like centrifugation, precipitation with polyethylene
glycol, precipitation with salt or precipitation at isoelectric point.

Further of the virus

Even after concentration, virus preparations still contain some low
and high molecular weight host materials. Most of them can be removed by
further purification. Further purification can be achieved by differential
Centrifugation (alternate cycles of high and low centrifugation), density
gradient centrifugation, gel filtration or affinity column bound with specific

antibodies,
Purification protocol for Cucuniber mosaic virus (CMV)

Materials required
Equipments- pH meter, magnetic stirrer, balance, waring blender, high speed

refrigerated centrifuge, Ultracentrifuge, refrigerator, autoclave, ice flaking
machine
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Glassware/Plasticware: Beakers, conical flasks, reagent bottles, measuring
cylinder, eppendorf tubcs, pipettes, microtips, centrifuge tubes, Pasteur

pipette

Consumables: Distilled water, sodium acetate buffer, EDTA, thioglycolic
acid, chloroform, polyethylene glycol, borate buffer, sucrose, Triton X 100

Protecol

1.

10.

11.

12.

13.

14,

Hemogenise the lcaves in a blender in extraction buffer (0.05M
sodium acetatc buffer, pH 6.4) containing 5 mM ethylene diamnine
tetra acetic acid (EDTA) di-sodium salt and 0.5% thioglycolic acid.
Filter the extract through muslin cloth and emulsify with an equal
volume of chloroform by stirring for 30 min at 4°C.

Centnfuge the extract at 12000g for 10 min.

Discard the pellet and add to the supcrnatant polyethylenc glycol
(PEG 8000, 10%) in presence of sodium chloride {1.75% w/v) with
continuous stimng for 1 h.

Cenirifuge the mixture at 12,000g for 15 min.

Discard the supernatant and resuspend the pellet overnight in one-
fiftih volume of 0.5M sodium acetate buffer containing 5mM EDTA,
pH 9.0.

Add Triton X 100 to a final concentration of 2% (v/v) and stirr for
30 min

Centrifuge at 18,000g for 25 min.

Discard the pellet and the supernatant subjected to centrifugation
at 45,000 g for 3h.

Discard the supernatant and suspend the pellet in 5 mM borate buffer
containing 0.5 mM EDTA, pH 9.0.

Further purification is carried out by layering partially purified
preparation on a linear 10-40% (w/v) pre-formed sucrose density
gradient (prepared by layering 5 ml of 10% and 10 ml each of 20%,
30% and 40% sucrose at 4C).

Centrifuge the gradients at 55,000g for 2 h using swing out rotor
(SW 28, Beckman).

After the run, remove the gradient tube and locate the virus
containing band with the help of light vertically passing through
the tube.

Collect the virus band using either a syringe or a Pasteur pipette, of
a fraction collector.
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15. Dilute the virus preparation with resuspension buffer and pellet the
virus by centrifugation at 45,000g for 3 h.

16. Discard the supernatant and resuspend the pellet in a small volume
of re-suspension buffer.
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Enzyme linked immunosorbent assay (ELISA)

A Ishwara Bhat

The reaction between antibodies and antigen paved the way for the
detection of plant pathogens especially viruses and these techniqucs are
referred to as serological techniques. A variety of methods have been
developed for demonstrating and estimating comnbination between antibodies
and antigens. The traditional methods for using antiscra with plant viruses
involved direct observation of specific precipitates of virus and antibody,
either in liquid media or i agar gels. Over about the past 10 years these
methods have been progressively superseded by the use of enzyme-linked
immunosorbent assay (ELISA). ELISA is one of the most widely used
serological tests for the detection of plant viruses because of its simplicity,
adaptability and sensitivity. In this the specificity of antigen-antibody reaction
is recognized through the action of the associated enzyme label on a suitable
substrate unlike observing the formation of an insoluble antigen-antibody
complex in precipitin reactions. This method is very economical in the use
of reactants an can be applied to viruses of vartous morphology both in
purified and crude preparations. Method is very useful when [arge number
of samples is to be tested and 1s very sensitive in detecting up-to 1-10 ng per
ml of virus. Sensitivity of detection of antibody-antigen reaction is increased
by attaching antibody to a minute quantity of enzyme. As enzyme substrate
is then added, and the resulting colour reaction may be quantitatively
measured.

Two forms of ELISA are used — (i) direct ELISA wherein the virus
(antigen) is trapped by antiviral antibedy and detected using enzyme labeled
virus specific antibody, (ii) In the indirect ELISA, the enzyme used in the
final detection and assay step is conjugated to an antiglobulin antibody.
(For example- if the virus antibodies were raised in rabbit, a chicken/horse/
elephant/goat anti-rabbit globulin might be used).

One of the commonly used techniques of direct ELISA is double
antibody sandwich ELISA (DAS-ELISA) whilc direct antigen coated ELISA
(DAC-ELISA), F(ab’), ELISA and triple antibody sandwich ELISA (TAS-
ELISA) are some techniques under indirect ELISA.
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Direet Double Antibody Sandwich ELISA (DAS-ELISA)

In this procedure, wells of polystyrene plate are first coated with
1gG The test sample of virus is then added to the adsorbed antibody followed
by addition of enzyme labeled antibody to the trapped virus. The attached
enzyme subscquently digests an added enzyme substrate which results in a
colour development. The procedure requires isolation of immunoglobulins
{1gG) from crude antiserum and preparation of immunoglobulin — enzyme
conjugate. The intensity of the colour is directly proportionat to the amount
of virus. Use of proper negative, buffer and positive controls are important
while performing ELISA.

Coating with IgG
4
Wash
4
Addition of antigen
A 4
Wash
A 4
Addition of conjugate
A4
Wash
4
Addition of substrate
4
Measurement of O.D
Schematic flow chart showing steps in DAS-ELISA

Direct Antigen Coated ELISA (DAC-ELISA)

DAS-ELISA requires preparation of conjugates specific to each of
the viruses to be tested thus making it cumbersome and expensive. This
projt)lem is overcome in DAC-ELISA. In DAC-ELISA, the presence of the
3:1 ligen-primary antibody complex is detected by antibody produced against

¢ Immunoglobulin fraction of blood of animal species from which the
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primary antibodies had been obtained. These antibodies are called as
secondary antibodies. Secondary antibodies are labeled with enzyme and
used in detection. These conjugates are called as ‘universal conjugates’ as
they can be used for detecting all viruses against which primary antibody
are produced in one kind of animal (such as rabbit). Commonly used
conjugates of this type are alkaline phosphatase labeled goat anti-rabbit
IgG (for polyclonal antibodies as many polyclonal antibodies are produced
in rabbits) or alkaline phosphatase labeled goat anti-mouse IgG (for
menoclonal antibodics). The sensitivity of DAC-ELISA is usually lower
than that of DAS-ELISA. However, it is better suited to study serological
relationships amonyg different viruscs.

The important steps in DAC-ELISA include: coating the wells of
microtitre plate with antigens, followed by blocking the remaining reactive
sites of the wells by addition of non-specific hetcrologous proteins such as
bovine serum albwnin or non fat spray dried milk. Wells are then added
with primary antibody (not labeled with enzyme). The detection of the
reaction is done by addition of enzyme labeled sccond animal antibody
(against antibodies of the first animal} and its substrate.

Coating with antigen

Wash
2

Biocking with unrelated proteins {ovalbumin)

Wash
2

Addition of primary antibody

Wash
2

Addition of labeled secondary antibody
4

Wash
2

Addition of substrate
4

Measurement of Q..
Schematic flow chart showing steps in DAC-ELISA
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Plate trapped or triple sandwich ELISA

This is a form of indirect ELISA wherein antibedy produced in two
different animal systems against the same virus is used. The method is
routinely uscd in monoclonal antibody production for screening of
hybridoma. Initially, palyclonal antiserum produced in rabbit is used to trap
the antigen. After addition of antigen, the hybridoma secreting antibodies
(obtained by fusing spleen cells of mouse injected with the virus and
cancerous cells) are used as detecting antibody. The antigen-antibody
reaction is visualized by adding anti-mouse IgG- alkaline phosphatase.

Coating with antiserum (produced in rabbit)

S 4

Wash
2

Addition of antigen

3

Wash
3

Addition of primary antibody or monoclonal antibody (produced in

mouse)
A

Wash
'l

Addition of anti-mousc 1gG-labeled with enzyme

¥

Wash
L

Addition of substrate
2

Measurement of O.D

Schematic flow chart of triple sandwich or plate trapped ELISA

Dot immunobinding assay (DIBA) or dot ELISA

In this procedure instead of microtitre plate, nitrocellulose membrane
(NCM) is used as solid phase. Plant extract is dotted onto NCM direetly or
on a pre-coated NCM (with antibodies). For the final colour development,
asubstrate is added that the enzyme linked to [gG converts into an insoluble
material. Intensity of colour ean be read visually or through densitometer.
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Protocol for DAS-ELISA utilizing alkaline phosphatase
Reguirements

Materials:

Equipments: Incubator, magnetic stirrer, pH meter, ELLISA reader, Microtitre
(ELISA) plate, Micropipette and tips: Use adjustable volume micropipette

Muliichannel pipette (adjustable100 to 300 pl) (Optional); Multichannel
pipettes which can hold four, eight or 12 microtips thus permitting dispensing
of volumes simultaneously into several wells can be used to add antigen,
antiserum and conjugatcs.

(Glassware/plasticware: Beakers, measuning cylinders, pipette, microtips,
pestle and mortar.

Reagents:

IgG (against virus of interest)

Coating buffer (Carbonate buffer): Dissolve 1.59g Na CO,, 2.93g NaHCO,,
and 0.20g NaN, in one litre of distilled water.

Phosphate buffered saline (PBS) : Dissolves.og Nacl, 0.2g KH,PO4, 2.9g
Na,HP(O4, 0.2g KCl in distilled water and make up the volume to 1000 ml.
PBS-T: Add 0.05% Tween 20 in 1X PBS

Antigen extraction /antibody buffer: Add 2% polyviny! pyrrolidone (PVP,
MW 40,000} and 0.2% albumin in PBS-T.

1gG-alkaline phosphatase conjugate

Substrate buffer: Dissolve 97 ml diethanolamine in 800 mi distilled water,
adjust pH to 9.8 with concentrated HCL, make up the volume using distilled
to 1000 ml.

Fara nitropheny! phosphate (PNPP). Commercial preparation available
either in powder or tablet forms may be used. Protect from light while storing.

Frotoco!

1. Add 200 pl of IgG diluted in coating buffer to each well of microtitre
plate and incubate at 37°C for 2 h.

2. Well contents are discarded and washed with PBS-T (flooding with
three changes of PBS-T for three min each time). After final washing,
plates are shaken dry over paper towel.

3. Test samples are extracted in antigen extraction buffer in 1:10 (w/v)
using pestle and mortar. Extracts of healthy plants and the extraction
buffer are to be used as negative control, whereas, extracts from
known infected plant should be used as positive control. Aliquots
(200 ul) of test sample are added and plates incubated ovemnight at
4C.

76 -




!

Enzyme linked immunosorbent assay (ELISA) l

4. The plates are washed as mentioned in (2) and diluted enzyme
conjugate {200 pi per well) in antibody buffer is added and incubated
at 37°C for 2 h.

5. After washing as described in (2), 200 ul of substrate (p-nitro phenyl
phosphate 0.6 mg/ml of substrate buffer) is added to each well and
incubated at room temperature to develop colour,

6. Results are recorded by measuring the absorbance at 405nm in an
ELISA reader after 30, 60 and 120 min after substrate addition.

7. Stop the reaction if required by adding 100 pl of 3 M NaOH solution
to each well.

Selected references
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Cloning of PCR product

A [shwara Bhat

The validity of the amplification reaction can be assessed by cloning
product followed by sequencing. There are three basic methods in vse for
cloning a PCR product. They include: (1) TA cloning: Since the PCR product
generated by Tag polymerase 1s appended with a single extraneous dA a; 3
ends, the casiest way of cloning is by using plasmid tailed with dT. (ii)
Blunt end cloning: The blunt ended PCR product generated by Pwo or Pfu
polymerase can be cloned into a plasmid restricted with blunt end generating
enzymes. (iii) Directional cohesive end cloning: In this case PCR product
is first restricted with appropriate restriction enzymes followed by Ligating
them onto plasmid linearized by same restriction enzymes.In all the above
methods PCR products are first purified to remove enzymes, unused primers,
dNTPs etc. For this the PCR product is first run on low melting agarose gel,
the band of interest is excised and purified. Alternatively PCR product can
also be purified using commercial kits. The purified PCR product is then
ligated with linearized dT or blunt end or cohesive end vector using E coli
T, DNA ligase. If directional cloning is planned, restriction of PCR product
is carried out with appropriate enzymes before ligation with vector. The
lipated vector is then used to transforin competent E.coli cells and
transformants are selected using appropriate markers such as antibiotic or
blue / white colony morphology. The following protocol describes cloning
using TA vector,

Protocol

L. Prepare 0.8% LMP agarose in 1x TAE buffer and cool it to room
temperature. Cast the gel on a pre-cooled gel sef and atiow it to solidify
at 4°C.

2. Load PCR preduct with leading dye and run at 100 V for 60-90 min.

3. Examine the gel under UV transilluminator to locate the DNA band
of interest. Excise the band using a clean sterile razor blade or scalpel-

4, Trim off any excess agarose and transfer to a 1.5 m sterile eppendorf
tube.
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10.
11.

12.

Incubate the tube at 70°C in a heating block for 7 min.

Cool the solution to room tcmperature; add equal volume of buffer
saturated phenol and vortex for 30 sec.

Centrifuge for 2 min at 10,000 rpm and collect aqueous phasc.

Re-extract the aqueous phase once with phenol: chloroform and then
twice with chloroform alone.

Precipitate the DNA by adding 0.1 volume of 3M chilled sodium
acetate and 2 volumes of ethanol. Incubate the mixture at ~-80°C for
1h.

Centrifuge for 15 min at 12,000 rpm at 4°C to palletize the DNA.

Pour off the supernatant carefully and wash the pellet with 70% cold
ethanol and re-centrifuge for 5 min.

Pour off the supernatant carefully, air dry the pellet and resuspend
the pellet in a2 small volume {about 10-20 ulj of sterile water and
store at -20°C until ready to use.

Purification of PCR product through low melting point (LMP) agarose

gel
Requirements
Materials Reagents
Balance Buffer saturated phenot
Beakers, measuring cylinders Chloroform
Microwave oven Phenol: chloroform
Low melting point (L.MP) agarose 3M sodium acetate pH 5.2
gel apparatus and power pack Absolute and 70% ethanol
Microcentrifuge tubes, microtips Sterile water
PH meter, magnetic stirrer
Transilluminator
Waterbath
Microcentrifuge
Micropipette
Razor blade

Refrigerator/eold room
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Ligation of the purified PCR product into vector

Requirements ‘
/
Materials Reagents
Refrigerator 10x T4 DNA ligase buffer
Micropipette and tips T4 DNA ligase
Microcentrifuge Linearized TA vector
Purified PCR product
Protocol

1. Set up ligation reaction with purified PCR product in a TA plasmid
vector,

10x T4 DNA ligase buffer 1.0 ul
Linearized TA vector (20 ng/ul) 1.0 ul
Purified PCR product (10 ng/ul) 7.0 pl
T4 DNA ligase (3 Weiss units/ul) 1.0 pl
2. Mix the reactants by pipetting and incubate at 4°C for 24 h.

3. Ligated plasmid is now ready for transformation.
Preparation of competent E. coli eells

Plasmid DNA do not enter bacteria under their own power, but require
assistance traversing the outer and inner cell membranes and in reaching an
intracellular site where they can be expressed and replicated, This can be
achieved by using competent bacterial cells for transformation. Bacterial
cells can be made compcetent (to take up foreign DNA) either by chemical
or physical methods. Most of the chemical methods are based on the
observations of Madel and Higa (1970) who showed that bacteria treated
with ice cold solutions of CaCl, and then briefly heated to 37°C or 42°C
could be transfected with bactriophage lamda DNA. The same method was
later used to transform bacteria with plasmid DNA. The physical method
known as electrophoration involve exposure of bacterial cells to electrical
charge that destabilizes their membranes and thus induces the formation of
transient membrane pores through which DNA molecules can pass. Although
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clectrophoration is easy, fast and efficient, it is expensive requiring costly
electrical equipment and specially designed cuvettes. In the following the
commonly and most frequently used method of preparation and
transformation of competent E. coli using CaCl, is described.

Requirements
Materials Reagents
Ice flaking machine E. coli bacterial strain (DH 5)
High speed centrifuge and Luria broth and Luria agar
centrifuge tubes 0.1M MgCl,
Autoclave 0.1M Ca(l,
Giasswares

Micropipette and tips
Shaker incubator
Laminar flow
Refrigerator

Sterile Petn plates
Inoculation needle
Eppendorf tubes

Protocol

1. Pick a single bacterial colony from a freshly prepared plate and
transfer into 100 ml broth. Incubate the cutture with vigourous shaking
{200 rpm) at 37°C till the OQ.D. reaches 0.4 at 600 nm.

2. When the required O.D. is reached, transfer the bacterial cells to
sterile disposable, ice cold 50 ml polypropylene tubes. Store on ice
for 10 min.

3. Centrifuge the cells at 2700 g for 10 min at 4°C.

4. Decant off the supernatant and resuspend the pellet by swirling in 30
ml of ice cold MgCl,-CaCl, solution (80 mM MgCl,, 20 mM CaCl,).

5. Recover the cells by centrifugation as above.

6. Decant the medium from pellets and resuspend the pellet in 2 ml of
ice cold 0.1M CaCl, for each 50 ml of original culture.
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At this point cells achieve competence. The cells can be directly
used for transformation or can be dispersed into aliquots and frozen
at -70°C for later use.

Transformation aof E. coli

Reguirements
Materials Reagents
Microcentrifuge Appropriate antibioties
Eppendorf tubes solution
Micropipette and tips Competent cells
Laminar flow Recombinant ligated
plasmid
Incubator cum shaker X-gal
[cc flakes PTG
Water bath
Luria broth and Luria agar
Spreader
Protocol
1. Take 200 pl of competent cells in a sterile chilled tube. Add about 50

ng recombinant plasmid (ligation mix} in a volume of 10 ul or less.
Also, kecp a control for transformation, by incubating 2 ng of plasmid
with 200 pul of competent cells. Have one extra tube of cells as
untransformed control to check for contamination.

Mix gently and incubate on ice for 30- 45 min.

Transfer the tubes to 42°C in a water bath for 90-120 see (to give
heat shock to cells).

Quickly transfer tubes o an ice bath and chill for 1-2 min.

Add 1 m] of LB medium and incubate at 37°C for 1 h with shaking
(at 200 rpm).

Plate the cells on appropriate selective medium (Luria agar containing
x-gal, [PTG and appropriate antibiotics) using different volumes (200
ul, 400 ul, 500 ul). Spread uniformly with the help of a spreader.
Incubate the plate invertedly overnight at 37°C and check for the
transformants next morning.
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The facZ gene has becn used in prekaryotic cloning vectors as a
marker for insertion of the gene of insert. Typically, when transformations
are plated on medium eontaining the substrate X-gal, colonies which contain
vector with an insert appear whitc while thosc that contain vector without
an insert are bluc. In some cascs, however, light blue colonics or white
colenics with blue centres will appear. These colonies often contain vector
with inserts.

Alpha complementation

Alpha complemcntation was first reported in 1967 after rescarchers
found that coexpression of the N- and C- terminal coding sequences of the
lacZ gene results in wild type [3-galactosidase activity. In most prokaryotic
cloning vectors, the small alpha fragment is present on the vector with a
multiple cloning site inserted into the open reading frame of the genc.
Insertion of a gene into the multiple cloning site disrupts the lacZ alpha
open reading frame and results in an inactive, 3-galactosidase protein. The
substrate X-gal is hydrolyzed by functional 3-galactosidase and produces a
blue colour.

Screen the blues:

Many prokaryotic cloning vectors camry the a fragment of the lacZ
gene to allow blue/white screcning of colonies. Sometimes small inserts, in
general 1 kb or less will not disrupt the lacZ a reading frame or will cause
reinitiation of translation therefore allowing expression of an intact, however
less active f}-galactosidase protein. This results in colonies which contain
inserts that are light blue or white with a blue centre. It is important, therefore,
to screen these colonies for the insert, particularly if the PCR produet you
are cloning is small.

Selected references
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RAPD PCR

T E Sheeja

Introduction

RAPD stands for Random Amplification of Polymorphic DNA.
RAPD is a PCR bascd technique that amplifies target DNA at random sites.
Often in PCR a known scgment of DNA is amplified with the help of
designed primers, But in RAPD an unknown target sequence is amplified
with primers of arbitrary sequence. Though primers anneal to several sites
on the DNA, PCR shall occur only if they anneal in a particular oricntation
pointing towards each other within an amplifiable distance (within 2 kb)
from one another.

With some randomly chosen decanucleotides no sequences are
amplified. With others, the same length products are generated from DNAs
of different individuals, while in some cases the banding pattern differs in
case of each individual in a population. The variable bands are commonly
called random amplified polymorphic DNA (RAPD} bands. The major
reasons for this polyinorphism are single base substitutions. Other sources
of polymorphisms may include deletions of a priming site, insertions that
render priming sites too distant to support amplification, or insertions that
change the size of a DNA segment without preventing its amplification. As
with any other genetic marker, some polymorphisms are clear and easy to
score, while others appear ambiguous and are not useful as genetic markers.
While the RAPD method is empirical, its simpilicity of use and the eventual
identification of some stretch of DNA, albeit unknown, to facilitate
discrimination, make it a popular method of DN A typing. Several companies
have now marketed RAPD kits making it a convenient fingerprinting
method.

Standard protocol

RAPD protocols are relatively simple. The various components and method
is detailed hereunder:
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Solutions

10X buffer: 100 mM Tris-HCL, pH 8.3, 500 nM KCJ, 20 mM Mg CL,, 0,01%
gelatin (the buffer is supplied ready made) )

dNTP stock: 2imM each of dNTPs

Primer- 50 pmol/mierolitre

Template DNA 5 nanograny/ microlitre

Polymerase SU/microlitre

Method

Prepare a reaction mix for each primer (master mix) sufficient for all
samples plus one negative control to which water is added instead of DNA.
For the setup of the master mix, calculate S pl of buffer, 2.5 1 of ANTP
stock, 0.2 pl of polymerase and 37.2 pl of H,0 for a volume of 45 pl per
sample. The final concentrations are 10 mM Trs-HCI, 50 mM KCl, 2 mM
MgCl,, 0.001% gelatin, 100 pM dNTPs and 0.2 pM primer. Use a specially
designated PCR pipette set. Master mixes for only a few samples are
preferably made by using primers diluted to 5 instead of 50 pmo)/ pl, as this
is casier to pipetie. Add 5 ul of the template DNA solution or 5 ul of water
{negative control) into labeled reaction vials and add the master mix. Mixing
the contents is not essential since the high temperature will mix the samples
on its own. Overlay the reaction solution with two or three drops of mineral
oil {optional).

Put vials into thermocycler, and start the program: 4 min at 94°C, 45
cycles consisting of 15 s 94 °C, 455 36 °C, 90 5 72 °C' and 4 min of 72 °C
(final extension).

After amplification, the vials can be stored at 4 °C for a couple of
days or at —20 °C for a longer period if necessary. The samples are then
electrophoresed on a 1.4% agarose gel with TBE or TAE as a buffer and
detected by staining with ethidium bromide. A suitable molecuiar weight
marker is incorporated in one of the wells. A reaction volume of 50 ul is
used in the RAPD method described above. If the DNA yield is sufficient
and if the detection method is sensitive enough smaller reaction volumes
(ie. 25 pl) are advised to save on the expensive polymerase.

Optimising RAFPD patterns is laborious since many reaction
components as well as any part of the PCR program can be changed with
quite unpredictable effccts. The brand of polymerase and thermal cycler as
well as annealing temperature and primer were found to have major impact
on banding pattern quality.
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Primers

Primers can be purchased from several manufacturers like OPERON
Technologies, Inc., GBC or Pharmacia LKB or obtained by using a DXA
synthesizer. Primer concentrations arc generally optimal between 0.1 and
2.0 micro molc. The majority of RAPD primers give a fragment pattern of
6-14 fragments while a few primers do not ampiify.

Polymerase

A wide range of brands and types of polymerase is available for
PCR. Taq Polymerase (Promega, Genei), AmpliTaq (Perkin Elmer) are the
most frequently used. Super Taq (HT Biotechnology), Sure Taq, Doctor
Taq (Biogene) are cheap sources. These enzymes have 5'to 3" exonuclease
activity but lack 3"to 5° exonuclease or proof reading activity. Proof reading
allows the enzyme to check of correct base pair matching and 1f necessary,
to replace a false with the correct nueleotide. The initial choice of polymerase
is important, switching to another type of enzyme is likely to render
compantsons with previous experiments impossible. The number of
polymorphic markers can be increased not only by using additiona! primers,
but also by using another brand of polymerase.

Thermocycler

A wide variety of thermocyclers are commercially available. Most
of these have 48-96 weils in a block. The machines can be programmed
accordingly. Running the same programme on different thermocyclers may
result in different amplification patterns. This is due to different temperatre
profiles in the reaction tubes. 1f is advisable to use the same thermocycler to
maintain consistency in results.

Temperature profiles

Programmes may be optimized for cach lab. Shorter periods at 94°C
will prolong the life of Tag polymerasc. Transition times between steps
should not be too short especially important for the ramp time between the
annealing and clongation temperature. The meclting temperature and
annealing temperaturc of the primer can be calculated by the general rule
that 2 x no. of AT pairs + 4 x no. of GC pairs — 5 = Annealing temperature.
For arbitrary primers an annealing temperature of 36°C may be chosen as
preliminary. In certain crops higher anncaling temperature were found to
yield distinct and fewer bands. Similarly significantly higher yields of DNA
are obtained after 45 cyeles in some cases.

Template concentration
Optimization of template coneentration is extremely important for
obtaining good RAPD patterns. Initially a template DNA range from 5-
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500 ng may be tried, with checking f{or changes in fragment patterns and
background levels, Negative controls without template should also be
included. A reaction volume of 10-25 ng/25 microlitre is considered optimal.
The concentration may be fixed by visual checking on agarose gels with a
known standard. DNA can also be quantificd by UV spectroscopy. A280/
A260 values are measured and calculate DNA concentration using the
relationship for soluble standard DNA, 1 OD at 260 nm= 50 microgram/
ml.

Mg+2 concentrations

Many studies have demonstrated marked influence of Mg+2
concentrations on the RAPD pattemns. While strong and reproducible bands
are obtained over a wide range of Mg+2, a change in concentration often
results in a qualitative change of fragment patterns. 2 mM Mg seems to be
a good starting point. The chelating effect of EDTA may affect Mg
concentrations if the DNA is dissolved in TE. So if not for long term storage,
dissolving DNA in watcer is advisable.

Modifications

Several modification of the RAPD technique have been described.
Modifications like using primer pairs, restriction digestion of DNA prior to
or after PCR all can help to enhancc the available polymorphism.

Gel eleetrophoresis

After the PCR the tubes are taken out and 2 microlitre 10X loading
dyeis added and tubes are stored at 4 °C. The amplificd products are resolved
on PAGE or agarose gels ([-2%) and stained with ethidium bromide or
silver staining. The amplification products are usually smatler and falls within
4000 bp. The bands within the range of 100-4000 bp are considered for
scoring.

General protocol

) Nommally agarose gels are used for checking the quality of DNA
1solates and for scoring RAPD products. The procedure is given below:

1. Tape both cnds of a gel box/form. Make sure that it is properly
attached.

2. Find suitable combs, and adjust them so that there are a few mm
between the comb and the form.

3. Weigh the appropriate amount of agarose and transfer it to suitable
flask. Add the required quantity of buffer {for resolving RAPD
products 1.2-2% gels are used).

4. Heat in the microwave oven unti] it boils vigorously (~2 min for
small gels and ~35 for large). Use plastic foil (with a small hole) or
a glass as a lid (NOT aluminium foil).
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5. Cool under running water unti! it reaches ~60 ° C

Add EtBr (hazard!). Treat the pipette tip as risk waste.

7. Pourthe gel gently into the form. Make sure no bubbles are visible
in the gel (you can puncture them using a pipette tip).

8. The gel is ready to use when it obtains a slight opaque colour. For
better resolution gels may be kept in fridge for 20 minutes before
starting the run. Gels may be stored overnight in fridge after
wrapping them in plastic foil.

&

Loading gels

Before loading the gel, tape on either side of the form is removed
carefully without damaging the wells. The gel is placed in the buffer so that
the buffer covers the gel by some mm. Normally 1X TAE or 1X TBE buffers
are used. The electrophoresis is conducted at 50-100V until the bromophenol
dye front crosses 2/3 of the gel.

Scoring and analysis

1. Designate a name or a number for each RAPD marker bascd on
the molecular size and primer used.

2, Score RAPD bands using a binary system of 0 (absence of the
band) and 1 (if the band is present).

3. Data is now ready for analysis.

Specific comments

RAPD has only two possible genotypes one is absence and the other
presence. They are dominant and the heterozygote and homozygote produce
same banding pattern. Because the difference between the statcs is the
presence or absence of a band, we cannot say whether the individual with
the band is a heterozygote or homozygote. An individual without band is a
homozygote for the null altele. RAPDs have often been criticized for low
reproductibility. For optimum and consistent results, reactions to be compared
should be done simultaneously and reaction conditions mentioned above
should be kept a constant.

Advantages and disadvantages

RAPD is more polymorphic than RFLPs, It is simple and quick, there
i5 no need to clone anything to mark a locus (only primer sequences ar¢
needed to define a marker, cloned probes are not necessary). Primers are
universal and applicable to any species. It is the cheapest and easiest method
for labs just beginning to use molecular markers. RAPD bands can often be
cloned and sequenced to make SCAR (sequence-characterized amplificd
region) markers that are highly reproducible. Often several polymorphisms
are observed per primer, and the protocols are relatively simple. In somc¢
cases, RAPD bands of differing lengths can be assigned to the same locus.
In that ease, these RAPD bands are codominant, RAPDs can be used as

88 —




RAPD PCR }

DN A molecular markers on the genetic chromosome and may be used to
detect VNTRs. :

Sclective neutrality and lack of reproducibly among labs arc some
disadvantages of RAPD. RAPDs arc dominant and thus provide only half
the information of codominant markers in genetic crosses. Null alleles are
not directly detected by RAPDs.

Applications

RAPD can be uscd to identify marker linked traits without mapping
of entire genome mainly through BSA (bulked seggregant analysis) and
analysis of NILs {near isogenic lines). RAPDs can be used to generate genus
specific, species specific and population specific markers useful for
identtfication of genus, intcrspecific gene tlow and detection of hybnds.
RAPD polymerphism among individuals of a species helps in detecting
paternity and kinship relationships among large number of progenies. A
large nuinber of markers can be generated for construction of highly saturated
genetic maps of complex genomes for monitoring these loci during
introgression and selection programmes. The ability of the RAPD technique
to reveal intra-specific variation can be used in screening for the degree of
inbreeding in commercial plant and animal species to prevent an incrcase
in the frequency of deleterious recessive alleles in populations. Breeders
should be able to identify RAPD bands closely linked to the marker they
wish to transfer. Scoring individuals (or groups of individuals) for the linked
RAPD marker should speed the breeding process. RAPD markers finked to
genes of interest can serve as starting points for chromosome walks to isolate
those gencs. RAPD has been used to detect DNA sequences, to diagnose
genetic discases, to carry out DN A fingerprinting to detect bacteria or viruses
(parucularly the AIDS virus), and to research human evolution. It has even
been used to clonc the DNA of an Egyptian mummy. The reproducibility of
RAPD markers may be cnhanced by transfornming to SCAR markers and
can be more advantageous in cominercial breeding programs if a quick
plus/minus assay can be dcveloped for detecting presence /absence of the
product. The creation of SCAR markers involves determining the DNA
sequence of target RAPD fragments. Canonical SCAR markers are the
preducts of two long PCR primers to a unique defined genomic locus, and
thus identify the same genetic locus in different mapping populations.
However, the effectiveness of SCAR marker methods are in part dependent

onreducing the cost of obtaining the DNA sequence of the original RAPD
markers.
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Amplificd ribosomal DNA restriction
analysis- ARDRA

A Kumar, V Vinod & R Aravind

Introduction

The 168 and 238 rRNA genes have been utilized for phylogenetic
analysis of' both prokaryotic and eukaryotic organisms. In addition 1o direct
comparison of the nucleic acid sequences (Woese 1987), numerous groups
have uscd the rapid method of polymerase chain reaction (PCR)
amplification of this gene (Muyzer ef al. 1993} as well as the complete
rRNA locus (Jensen et al. 1993) for a simple method for identification of
bacterial genera and species. In these latter procedures, the amplified
ribosomal gene (TDNA) is subjected to restriction endonuclease digestion;
this has been termed ARDRA (Amplified Ribosomal DNA Restriction
Analysis) (Vaneechoutte ef al. 1992). The resulting restriction fragment
pattern is then used as a fingerprint for the identification of bacterial
genomes. This method is based on the principle that the restriction sites on
the RNA operon are conserved according to phylogenetic pattermns.

Although ARDRA has been used for the characterization of bactenal
isolates, in theory this method can also be used for analyzing mixed baeterial
populations. This method involves the use of a pair of universal priming
sequences for the PCR amplification of either the 168 rRNA genetic loci or
the intergenic regions of the 165 and 23S tRNA genes. The latter regions
exhibit a large degree of sequence, length and frequency variation because
the spacer region is not well conserved. In general, ARDRA using the 168
TRNA genes will result in a simpler pattern {3-5 bands per genome when 4
base site-specific restriction endonucleases are used) than ARDRA using
the 16-23S regions. Espeeially in the simpler case, one would expect it to
be more difficult to resolve different but related organisms since they would
share common restriction fragments. ARDRA using the 16-23S-rDNA
region will provide a more diverse template for restriction analysis resulting
in more complex band patterns and potentially higher resolution of
community members. This version of ARDRA may be uscful in simpler
communities that are composed of closely related populations. In highly
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diverse microbial communities, both primer approaches may cither yield
too complex a pattern or too little resolution of distinct bands. If this is the
casc, an alternative may be to use group specific primers for a given bacterial
group or to carry out the DNA amplification under more discriminatory
conditions {e.g. inereasing stringency conditions during the annealing step
of PCR). Further, resolution can also be obtained by hybridization with
DN A probes specific for the target groups. Henee several modifications of
this method can be adjusted to optimize for the comnmunity under study.

This PCR based technique provides a measure of structure and
composition of microbial communities. As little as picogram quantities of
DNA (1-10 cells) is sufficient for this method. In turp, community dynamics
can be monitored at the genotypic level without drastically disturbing the
system by sampiing. Additionally this method is {rec of the bias of culture
dependent mcthods, although bias can still occur tf DNA is not extractable
or the primers do not attach. The method is not exhaunstive since it normally
detects only-the more dominant members. This method can also be used on
pure cultures to compare their patterns with patterns derived from a
community. Furthermore, band patterns of pure cultures can be used for a
quick presumptive identification if they match band patterns of
taxonomically described strains. Whether used with isofates or eommunitics,
matching ARDRA band patterns cannot be used to uncquivocally estabiish
identity between strains since different but closely rclated strains (and
phenotypes) can have the same band pattems. The valuc of the method lies
with its speed and ability to evaluate differences in dominant phylogenctic
groups present in a community.

Fxperimental approach

A pair of highly conserved flanking sequences 1s used for primer
binding sites to amplify the 16S ribosomal genes from microbial systems.
The intragenic PCR product (~1500 bp) is then used as substrate for
restriction endonuelease digestion followed by gel electrophoresis. In order
to facilitate analysis and resolution (i.e. the ability to distinguisk among
different populations) separate digestions with three different restriction
enzyme digestions is recommended. The sensitivity should be maximized
by conecntrating the amplified rDNA or digested rDNA product before
electrophoresis. For the 16-23S rDNA intergenic region, amplification is
C.arried out by using a pair of opposite highly conserved 168 and 238
nbosomal primmers (Fig.1) followed by restriction enzyme digestion and gel
electrophoresis {Arturo ef al. 1995),
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Spacer regions

165 238 58
pA pHr

— — pi p23SRO!1
- — ¢

Fig.1. Ribosomal RNA operon showing approximate localization of primer
binding site for PCR amplification.

Primer sequences for 165 r DNA amplification (E.coli 168 r DNA)
Primer designation Position  Sequence (5-37)

pA 19-38 AGAGTTTGATCCTGGCTCAG
pH 1541-1581 AAGGAGGTGATCCAGCCGCA

Primer sequences for 16-235 r DNA intergenic amplification
(E.coli 16-235 r DNA)

Primer designation Position  Segquence (5°-3")

pHr 1518-1541 TGCGGCTGGATCACCTCCTT
p238SRO!1 1069-1052 GGCTGCTTCTAAGCCAAC
Template for PCR amplificatian

For mixed microbial cultures, it is important to maximize cell lysis
before amplification since lysis efficiency is unequal for different bacterial
types and physiological stages. Cell lysis by using repetitive (5 times) frecze
(dry ice-ethanol bath) and thaw (80°C water bath) cycles is often satisfactory
for PCR. A well optimized DNA extraction protocol is very important to
ensure more representative and reproducible DNA templates for PCR.

Steps in the PCR amplification

1. Prepare master solution containing:

dd H,O 86.5 ul
10X PCR Buffer 100wl
180X dNTP’s 1.0 ut
100X primer g, 1.0 ul
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100Xprimer y 1.oul
Tag DNA polymerase (5U/nl) 0.5 ul

2. Add 1 p) (approximately 100 ng) of bacterial or community DNA, or
cell suspension (approximately 10 to 107 cells). Total reaction volume
is 100 pl.

3. Amplification with the following temperature prefile;

Temperature Time
Denature 92°C 2 min, 10 s
Melt 92°C 1 min, 105
Anneal 48°C 30 s (30-35 cycles)
Extend 72°C 2 min 10 s
Final extend 72°C 6 min 10 s
Soak 4°C hold

4, After amplification, 5 to 10 pl electrophoresed on 0.7% agarose gel
made in TAE buffer to examine the amplified products.
- Solutions

- 10X PCR buffer

- 500 mM KC1

- 100mM Tris-HCI, pH 8.3
- 15mM MgCl,

Restriction endonuclease digestion and gel electrophoresis

Digestion of the amplified rDNA product with tandem tetrameric
site-specifie restriction endonucleases (e.g. Haell, Msel, Hinf 1, Sau3A,
Hpall) should yield a restriction enzyme pattern, which can be observed by
agarose gel electrophoresis. Digest with the appropriate restriction buffer
atoptimum temperature for 2-3 hours. The amount of DNA loaded per well
is dependent of the limiting bands, which need to be rcsolved. The least

amouni of DNA that can be detected by ethidium bromide staining is about
* 10ng. DNA amouats greater than 100ng will not be resolved as a sharp clear
band. DNA banding patterns can be performed with analytical hardware/
software packages such as NTSys.
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DNA microarrays in microbial studies

M K Rajesh

Early detection and accurate identification of pathogens is of foremost
importance in the management of diseases in many crops. Many plant
pathogens are difficult to identify using morphological criteria, which can
be time consuming and challenging and requires extensive knowledge in
taxonomy. Molecular detection techniques can generate accurate results
rapidiy enough to be uscful for disease management decisions.

DNA microarray has become an indispensable tool for sensitive and
high-throughput analysis of transcriptome and DNA sequence variation. A
DNA microarray, or gene chip, is a matrix of thousands of ¢cDNA or
oligonucleotides imprinted on a solid support. Labelled mRNA from the
tissue of interest is hybridized to its sequence complement on the array to
provide a measure of mRNA abundance in the sainple. The hallmark of the
microarray experiment is the cxperimental profile, the pattern of gene
expression produced by the experimental sample

The power of the mcthod lies in miniaturization, automation and
parallelism permitting large-scale and genome-wide acquisition of
quantitative biological information from multiple samples {Aharoni and
Vorst, 2001). To perform a microarray cxperiment, RNA from the
experimental sample(s) is first isolated and purified. The purified RNA is
then reverse-transcribed in the presence of nucleotides labcled with
fluorescent dyes. In the case of custom-made arrays, the fluorophores Cy3
(green) and Cy5 (red) typically are used. The two-color hybridization strategy
permits simuitaneous analysis of two samples on a single array. For high-
density commercial arrays, non-fluorescent biotin labeled by staining with
a fluorescent streptavidin conjugate typically is used. The labeled probe is
fraginented and hybridized to the array, and then the array is washed and
Stained. Signal intensity, proportional to the amount of bound probe, is
Measured by scanning with a confocal laser. Background signal is subtracted
from _thc average signal intensity for cach spot on the array to generate a
quantitative image. Because the sequence of each cDNA or oligonucieotide
on the grid is known, the relative abundance of cach transcript can be
determined. Data are normalized across experiments by calculating the
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variance of all genes in the sample or of a known subset of unchan ging, e.p
maintenance, genes.

Principles of microarray technology

The specificity of microarray technology relies on the selective and
differential hybridization of nucleic acids. Complex mixtures of labelleq
polynucleotides (such as cDNA derived from mRNA) are hybridized with
large numbers of individual elements (e.g. unique PCR products in cDNA
microarrays), attached to a sotid surface. In this way information on the
abundance of many polynucleotide species is gained in parallel. Labelling
with fluorescent dyes possessing different excitation and emission
charactcristics allows the simultaneous hybridization of two samples on a
single array. The strength of fluorescence emission at the two wavelengths
represcnts the amount of a specific polynucicotide from cach sample bound
to the array. In this manner a single experiment provides quantitative
hybridization data for hundreds to thousands of probes. For expression
studies using cDNA microarrays, this approach of cowmbining two differently
labelled samples (refcrence and test sample) is common practice. For each
genc the corresponding amount of signal in both samples can then be
quantified in parallel and expression ratios obtained. This strategy, to use
expression ratios instead of absolute expression lcvels, for the analysis of
changes in genc cxpression, has been shown to be a very powerful one and
has helped overcome a large source of experimental variation. Assuming
the influence of the different dyes on the hybridization characteristics of
the labelled molecules to be identical, the initial ratios between specific,
differcntly labclled mRNA molecules should be maintained upon
hybridization to the array. As a result, ratios between the two samples for
each gene will then be independent of the amount of mMRNA hybndized.

Microarray structure

Two variations of microarrays exist:
(1) customized ¢cDNA microarrays composed of ¢cDNA or
oligonueleotides, and
(2) commercially produced high-density arrays, e.g., Affymetrix
GencChip containing synthesized cligonucleotides.

The first type of array can analyze RNA from two different samples
on a single chip but requires a source of genes to be spotted onto the chip,
usually expressed sequence tag clongs or oligonucleotides. High-density
comumercial arrays provide expression analysis over a larger number of genes,
but can analyze only a single sample on one chip and at considerablc cost,

96 —_




DNA mieroarrays 1n microbial studies l—
making them unsuitable for large scale experiments in.most academic
|aboratories. Both types of arrays produce sensitive and accurate expression

data.
Printing technologies

The printing-type technologies are based on the deposition of minute
(S“b-nanolitre) quantities of a DNA solution onto a solid surface (carrier).
Thesc fall into two distinct categories: contact printing {(various methods
for mechanical deposition) and non-contact printing (liquid delivery).
Photolithographic techniques, on the other hand, can be used to synthcsize
oligonucleotides directly on the carrier.

Creating a cDNA microarray

Customized cDNA microarrays are fabricated by first selecting the
genes to be printed on the array from public databases/repositories or
institutional sources. High throughput DNA preparation, usually done by
robotics systems, consists of tens of thousands of PCR reactions. Punfied
PCR products representing specific genes are spotied onto a matrix. Spotting
is carricd out by a robot, which deposits 2 nanoliter of PCR product onto
the matrix in scrial order. Nylon filter arrays largely have been replaced by
glass-based arrays, typically microscope slides, which have the advantage
of two-color fluorescence labeling with low inherent background
fluorescence. DNA adherence to the slide is enhanced by treatment with
polylysine or other cross-linking chemical ecating. Spotted DNA is cross
linked to the matrix by ultraviolet irradiation and denatured by exposure (0
either heat or alkali. The Affymetrix GeneChip is produced by a novel
photolithographic method in which thousands of different oligonucleotide
probes are synthesized in situ on the array.

Target gene selection

. Sclecting proper target genes is very important ir nucleic acid based
diagnosis. Various targets have been used for identifying pathogens, and
they include:

(1} parts of DNA encoding a particular toxin or virulenee factor,

{ii) special sequences that are revealed by subtraction hybridization
among closely related species,

(iif) small, inostly species-specific, non-coding DNA regions such as
insertion c¢lements, and

(iv) refativcly well conserved nucleic acid sequences that also serve
as phylogenetic markers.

For the fourth target, there are 16S tDNA, 23S tDNA, 168-23S rDNA
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internal transcribed spacer region (ITS), and other genes that code
for *-galactosidase, RNA polymerasc, clongation factors Tu, F F,
ATPase, RccA protein, and Hsp60 heat shock protein, rpoB gene,
After the importance of fDNA in bacterial taxonomy for identifying
evolutionary relationships among species was recognized, rONA
has been widcly used as a microorganism specific genctic marker.
There are many advantages for targeting probes to the 165/188
tRNA of the small subunit of the ribosome (SSU rRNA) or to the
235/288 rRNA of the large subunit of the ribosome {L.SU rRNAJ}.
These advantages include the large amount of fRNA in most cells,
the apparent lack of lateral pene transter, and a good length of about
1500 and 3000 nueleotides for 165 (or 18S) and 23S (or 288),
respectively, with a range of very conserved and quite variable sites.
Another important advantage is the availability of huge TRNA
databases. However, 168 rDNA may be difficult to discriininate a
large number of microbial strains because its sequence is conserved,
whieh offers very little sequenec diversity. Alternatively, 23S rRNA
genes and the ITS region have attracted attention as target sequenecs.
Because 235 rDNA and ITS have regions with highly specific
sequences, unlike 16S rDNA, pathogens can be easily diseriminated
from onc another. Until recently, pathogen detection that utilizes a
specific target gene sequence has been limited due to sequence
availability, but this limitation has been overcome because morc
complete scquences of the many microbial genomes are becoming
available.

Sample preparation and kybridization

In order to prepare a sample that can be hybridized with target probes,
which werc immobilized on the solid substrate, the IINA is boiled ot
asymmetric PCR is carried out. In general, DNA is chemically modified by
incorporating fluorcscent nucleotides or end-labeled by using a one-side
primer with 5°-fluorescein. The amplified products are hybridized on a slide
in hybridization solution. After washing, the slides are air-dried, and by
using the confocal laser scanner, they are scanned under a wavelength that
is compatible in fiuoreseent excitation.

Date Management

Once the hybridized chip is scanned, data flow occurs through the
following steps. Data arc collected and saved as both an image and a text
file. Of eritical importance is that precise databases and tracking files be
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maintained regarding thc spot configuration of all chips. These contain
information on the location and names of genes arrayed on each chip. The
saved files are imported to software programs that perform image analysis
and statistical analysis functions. Finally, the data are mined for induced or
repressed genes, patterns of gene expression, and temporal relationships of
expression under different experimental conditions. A significant challenge
exists in making scnse of the vast quantity of data generated by microarray
experiments. There is no single tool that mects all of the necds of the
micrearray researcher. Collections of software programs are used to perform
a multitude of tasks, including data tracking, image analysis, database
storage, data querics, statistical analysis, multidimensional visualization,
and interaction with public databases on the Internct, Basic spreadshcet
programs can be adapted to answer questions regarding magnitude of change
in gene expression. However, limitations often arise as a resuit of inadequate
mermmery capacity for managing the enormous data sets. More sophisticated
analytical tools, including cluster analysis, self-organizing maps, and
principle component analysis, have been applied to biclogical data to extract
highet-order relationships embedded in expression patterns.

Image analysis

The sample hybridized to each clement is visualized by fluorescence
detection. Both confocal scanning devices and CCD caincras are being use
for this purpose. Fluorcscence emission from the microarray is converted
into a digital output for each dye, and is stored as a separate image file.
Image analysis sofiware (P-scan, ScanAlyze, Spotfinder) is then used for
quantification of individual array elements. A grid is superimposcd over
the image and the average (or median) pixel intensities for each element is
calcutated for both dyes. Background fluorescence is then subtracted from
the raw data. Although fluorescent signal measured (dircctly) on arcas
between the array clements are ofien employed for background, it is more
approximate to use signals from foreign array clements that have been
inchuded in the array for this purpose. Subsequently the figures are
normalized to correct for channel speeific cffects such us differences in
quantumn yield of the dyes and unequal labelling efficicncies of the samnples.
Normalization also corrects for any unwanted differcnces in the amount of
sample used.

Several ways of normalization are being used:
(i)  overall hybridization signal

(i} use of housekeeping genes
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(iii) spiking with a foreign mRN A species that has been included on the
array for this specific purpose.

None of these methods alone is sufficient to ensure a satisfactory
normalization and often a combination of these methods is employed.

Data exploration

Several standard statistical techniques are currently being used to
interpret microarray data, including hierarchial clustering, principal
component analysis (PCA) and self-organizing maps (SOM). These are all
focused on grouping genes {or samples) tagether which show similar
behaviour. This type of analysis, with large data sets, can provide novel
perspectives on cellular regulatory mechanisms and can associate expression
of unknown genes with a putative function.

Hierarchial clustering of gene expression data in combination with
false colour coding of the expression levels has become a popular way of
data analysis and presentation. With this technique genes are grouped in
clusters based on similarity between their expression profiles. In a bottom-
up approach gees are joined to form nodes, which in tum are then further
joined. Joining proceeds unti! all genes are combined in a single hierarchial
tree.

Application of microarrays in microbial studics

DNA microarrays used in microbial ecology studies are still not
common as compared to other research area.

Oligonucleotide microarrays were used to detect 16 s TRNA in soil
exiracis without prior amphification of the targets by PCR in analytical smdies
of microbial diversity in different environments (Small et al. 2000) or for
all recognized lineages of sulphate-reducing prokaryotes in both natural
and clinical environments {Loy et al. 2002). DNA microarray has also been
applied for the detection of functional genes involved in the nitrogen cycle
int the environment (Wu ez al. 2001; Taroncher-Oldenburg et al. 2003). Direct
profiling of environmental microbial populations by thermal dissociation
analysis of native rRNAs hybridized to oligonucleotide microarrays was
done by El Fantroussi et al. (2003). Difference in the apparent distribution
of nitrite reductase (#irS and nirk genes), ammonia mnoeno-oxygenase (moad)
genes and methane mono-oxygenase (pmoard) genes could be made between
marine sediment samples and soil samples. DNA microarray-based genome
comparison of a pathogenic and a non-pathogenic strain of Xylella fastidiosa
could delineate genes important for bacterial virulence (Koide et al. 2004).
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A DNA microarray suitable for simultaneous detection and discrimination
between fish pathogens based on 168 tDNA polymeorphisms was developed
by Warsen et al. (2004). Maynard et al. (2005) demonstrated the feasibility
of using DNA microarrays in the detection of waterborne pathogens. A
disposable microarray was developed for detection of upto 90 antibiotic
resistance genes in gram-positive bacteria by hybridization (Perreten ef al.
2005). An oligonucleotide microarray detecting 189 Escherichia coli
virulence genes or markers and 30 antimicrobial resistance genes was
designed and validated using DNA from known refercnce strains. This
microarray was confirmed to be a powerful diagnostic tool for monitoring
emerging £. cofi pathotypes and antimicrobial rcsistance, as well as for
environmental, epidemiological, and phylogenetic studies including the
evaluation of genome plasticity (Bruant et al. 2006).

Limitations of the microarray technology

Possible constraints of the DNA micrearray in the field of
environmental rescarch include:

(i)  The expense of microarray printing and imaging equipment,

(i)  The time and labour required for manual handling, nucleic acid
purification and associaled volume reduction,

(iii) The diverse and complex nature of environmental samples

(iv)  The inefficient purification or concentration of nucleic acids at
low concentrations, especialty in environmental samples,

(v}  The co-extraction of inhibitory compounds that interfere with
subsequent molecular manipulations, and

{(vi) The problem of secondary structures within single-stranded RNA
or DNA.

Future perspectives

Microarray technology provides a highly efficient and rapid method
of analysis in micrabial ecology studies. As the microarray technology is
still in early stages of development in the field of microbial studies, intensive
studies with careful selection and screening of probes and vigourous and
Systematic optimization of hybridization conditions should continue to
Modify and improve the microarray technology. Technical improvements
N microarray technology continue to take place. Current areas of
development include improving RNA amplification methods to allow
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analysis of smaller amounts of RNA and, eventually, single~cell expression
analysis. Through these efforts, the full application of this powerful
melecular technology in microbial studies is promising.
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Isoenzyme analysis

K S Krishnamurthy

In isozyme analysis, the sample extract is electrophoresed in starch
or poly / acrylamide buffered (Non —denaturing) slab at a fow temperature
(4-8°C). Each lane should be loaded with small equal amount of proteins,
(50-100pg in 30-50ul of the extract). After electrophoresis the gel is
removed from the glass plate and is incubated in a solution containing all
the reactants for the enzyme to act. The isozymes are visualized as achromatic
or chromatic bands on the gel after the reaction is completed

Peroxidase

Peroxidase (POD) catalyses the dehydrogenation of a large number
of organic compounds such as phenols, aromatic amines, hydroquinones
etc,

Principle
Guaiacol is used as substrate for the assay of peroxidase
POD

Guaiacol~ H,0, 2 Oxidized guiacol + 2 H,0

The resulting oxidized (dehydrogenated) guaiacol is probably more
than one compound and depends on the reaction conditions. The rate of
formation of guaiacol dehydrogenation product is a measure of the POD
activity and can be assayed spectrophotometrically at 430nm.

Peroxidase isozyme

Peroxidase can be visualised using benzidine. Prepare the staining solution
for peroxidase by mixing the following reagents.

Benzidine : 14g
Acctic acid : 9ml

1,0, (1 %) : 50ml
water : 40ml
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Place the gel in the above solution, keep in dark till the bands
appear(30 minutes to two hours). Stop the reaction by immersing the gel in
0.67% NaOH/ 7% acctic acid for tcn minutes. Peroxidase isozymes appear
as dark bands.

Alternatively, soak the gel for 15-30 minutes in 15 mM Sodium
phosphate buffer (pH 6.0) containing 1 mM H,O, and 0.1 mM guaiacol.
Peroxidase isozymes appear as dark bands. Rinse the gels in deionised water
and fixed in 7 % CH, COOH.

Super oxide dismutase (SOD)

SOD is the first line of dcfense against injury caused by Active oxygen
species, catalyzing the dismutation of oxygen to H,0, and molecular oxygen.

According to the metal co-factor and by the enzyme, three major
SOD types have been described, Fe — SOD, Mn-SOD and Cu-Zn-SOD. In
plants, Cu-SOD is the most abundant and has been localized in the cytosol,
chloroplast, peroxisome and apoplast. Imposition of biotic/abiotic stress
may give rise to an excessive concentration of AQS (Active oxygen sp.)
resulting in oxidative damage at a cellular level. To mitigate and repair
damage initiated by AQS, plants have developed a complex antioxidant
system.

SOD Isozymes
Stain the gel by mixing the following.
Tris : 0.05M
Na-EDTA : 7.5mg
Riboflavin : 4dmg
NBT :  10mg (add water and make

volume up to 100ml)

Cover the gel with the above stain solution and incubate at 37 ¢ C for
20 minutes in dark. Remove from dark and provide fluorescent light for 10-
15 minutes. SOD isozymes appear as achromatic bands in a blue back
ground on the gel.

Enzyme extraction

All extractions should be done under ice cold conditions using a pre
chilled pestle and mortar. Clean the plant material thoroughly by rubbing
with cotton to remove the particles adhering to the leaf surface. Grind 0.5
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g of the leaf material in 5 ml of 0.1 M phosphate buffer (pH 7.2) containing
5% PVP, 0.2 M ascorbic acid and 0.1 % sodium metabisulphite. Filter the
homogenate through 4 layers of cheesecloth and centrifuge at 10000 rpm
for 20 minutes. Collect the supernatant and store at -20°C. Estimate the
protein concentration in the supernatant and use 50-100 pg protein for
loading.

Selected references

Bucno P, Vasele J, Gimonez G & Id Rio L A 1995 Plant Physiology 98:
331-336.

Foyer C H & Mullineaux P M 1994 Cause of photoxidative stress and
amelioration of defense systems of plants. Boea Raton, C. L., CRC
Press.

Shimon M & Renveni R A 1988 Annal Biochem. 175: 35.
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Primer designing

S Balaji & Santhosh J Eapen

A primer is a short synthetic oligonucleotide which is used in many
molecular techniques from PCR to DNA sequencing. These primers are
designed to have a sequence which is the reverse complement of a region
of template or target DN A to which we wish the primer to anneal.

[ 5!
GACCTGAAKAZAC *— Primer

3 ()

GATGGACTGATTACCGATCACTGEACTTTTICTG +—Template
5? 31’

v

37 57

TGAQCTGAARAGAL « Anneal;
GRTGGACTGATT ACCGATGACTGGACTTTTICIG Anneaing
5 3

Analysis of primer scquences

When designing primers for PCR, sequencing or mutagenesis it 1s
often necessary to make predictions about these primers, for example melting
temperature (Tm) and propensity to form dimers with itself or other primers
in the reaction. Some online programs will perform these caleulations on
any primer sequence or pair.

The programs will calculate both the Tm of the primers as well as
any undesirable pairings of primers. When pritners form hairpin loops or
dimers, less primer is available for the desired reaction.

Hairpin

Oligo, 3 bp (Loop=4), delta G = -0.1 ¥kc/m
5 GGCOAAR—
(N !
3! TRATCTAGGACCTTLA-
Oliga, 2 Dpp [Locp=3), delta & = 2.I ke/m
5"  GGGAATY
il a
3" TRTCTAGGACCTTA:
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Self-Dimer

4 bp, delta G = -6.9% kc/m (bBadfj (warst= -36.6)
5' GGGARALATTCCAGGRTCTRT 3¢
ey bl
3¢ TATCTAGGACCTTAXAAGGS 5

4 by, delta ¢ = ~-5.4% %2/ (bksd!') {worst= -35,6}
S GOGARAATTCCAGGATITAT 3¢
Tl
3' TATCTAGSACCTTRAAAAGGS 5!

The choice of the [ength of the primers and their melting temperature
(T_} depends on a mumber of considerations. The melting temperature of a
prﬁher {not to be confused with the melting temperature of the template
DXNA) is defined as the temperature at which half of the primer binding
sites are occupied. Primers that are too short would anncal at several positions
on a long DN A template, which would result in non-specific copies. On the
other hand, the length of a primer is limited by the maximum temperature
allowed to be applied in order to melt it, as melting temperature increases
with the length of the primer. Melting temperatures that are too high, i.e.
above 80°C, can cause problems since the DNA polymerase is less aetive at
such temperatures. The optimum length of a primer is generally from 15 to
40 nucleotides with a melting temperature between 55°C and 65°C.

Also keep in mind that most cligonucleotide synthesis reactions are
only 98% effieient. This means that each time a base is added, only 98% of
the oligos will receive the base, This is not often critical with shorter ohigos,
but as length increases, so does the probability that a primer will be missing
a base. This is very important in mutagenesis or cloning reactions.
Purification by HPLC or PAGE 1is recommended in some cases.

Basic ryles
1. Primers should be 17-28 bases in length.
2. Base composition should be 50-60% (G+C).

Primers should end (3") in a G or C, or CG or GC: this prevents
“breathing” of ends and increases efficiency of priming.

4. Tms between 55-80°C are preferred.

¥ ends of primers should not be complementary, as otherwise primer
dimers will be synthesized preferentially to any other product.
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6. Primer self-complementarity (ability to form 2° structures such as
hairpins) should be avoided.
7. Runs of three or more Cs or Gs at the 3'-ends of primers may promotc

mispriming at G or C-rich scquences (because of stability of
anncaling), and should be avoided.

Designing degencrate oligonucleotides

Sometimes degenerate primers are used. These are actually mixtures
of similar, but not identical, primers. They may be convenient if the same
gene is to be amplified from differcnt organisms, as the genes themsclves
are probably similar but not identical. The other use for degenerate primers
is when primer design is based on protein sequence. As scveral different
codons can code for one amino acid, it is often difficult to deduce which
codon is used in a particular case. Therefore primcer sequence corrcsponding
to the amino acid jsolcucine might be “ATH”, where A stands for adenine,
T for thymine, and H for adenine, thymine, or cytosine. Use of degeneratc
primers can greatly reduce the specificity of the PCR amplification. This
problem can be partly solved by using touchdown PCR.

A group of degenerate oligonucleotides contain related sequernces
with differences at specific locations. These are used simultaneously in the
hope that cne of the sequences of the oligonucleotides will be perfectly
complementary to a target DNA sequence. One common use of degenetate
oligonucleotides is when the amino acid scquence of a protein is known.
One can reverse translate this sequence to determine all of the possible
nucleotide sequences that could encode that amino acid sequence. A set oT
degenerate oligonucteotides would then be produced matching those DNA
sequences. The following link will take you to a program that wili perform
areverse translation (http://arbl.cvmbs.colostate.edu/molkit/rtranslate/). For
example, the amino actd sequence shown in below could be encoded by the
following codons.

Asp-Glu-Gly-Phe-Leu-Ser-Tyr-Cys-Trp-Leu-Pro-His-Gln
GATGAAGGTTTTCTTTCTTATTGTTGGCTTCCTCATCAA

One could then select the 14 base sequence (in bold) to generate 2
smaller set of degenerate oligonucleotides. Each oligonucleotide in the set
would have one base changed at a time. A total of 32 unique oligonucleotides
would be generated.

TATTGTTGGCTTCC
TACTGTTGGCTTCC
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TATTGCTGGCTTCC
TACTGCTGGCTTCC ete.

When ordering degenerate oligonucleotides, you just let the company
know that you want a mixture of nucleotides added at a specific position
using the code below. By adding the mixture, oligos will incorporate one
of the bases, leading to a mixture of oligonuclectides.

Standard MixBase Definitions

R A, G

Y C,T

N A C

K GT

5 C,G

W AT

H ACT

B C,GT

v ACG

D AGT

N ACGT
Designing primers - A checklist n

l. Are annealing temperatures of each pair of primers for a
corresponding PCR product similar?

2. Does the primer have an annealing segment? A tag segment? A
restriction enzyme site? Extra bases to help cut the restriction site?

3. Is the primer in the correct orientation (if necessary, is it in reverse
complement? If necessary, are the extra bases in reverse
complement?) Is the annealing temperature at least 50°C?

Materials required ‘

(@) Gene of interest to amplify

(b) Softwares

® Sequence retrieval

http://www.ncbi.nlm.nih.gov/
Multiple sequence alipnment
http://www.ebi.ac.uk/clustalw/
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@ Oliponuclectide properties calculation (Tm, GC% etc.,)
http://www.basic.northwestern.edu/biotools/oligocaic. html

® Secondary structure analysis _
http://bioweb.pasteur.fr/seqanal/interfaces/mfold-simple.htmi
® Primer specificity
hitp://www.ncbi.nlm.nih.gov/blast
Pracedure

Try to design primers for the consensus sequence or the variable sequences

from the patrern you got from multiple sequence alignment.

The choice of consensus sequence or the variable sequences is depending

on your interest to design universal or genus specific prmer.

L Make a Multiple Sequence Alignment (MSA) of the sequences of
your intcrest.

IL. Check approximately the number of conserved bps.

III.  Copy conserved stretch of residues of different combinations and

check for the following.

Length

GC%

Check the ends

Tm

e Self-complementarity

After verifying the length, Tin etc.

V. Use any dimer analysis software to clieck your primmers. If ot then
you can also check the secondary structurc of the mRNA, by using
mfold software.

Selected references

Dieffenbach C W, Lowe T M 1, Dveksler G S 1995 In: PCR Primer- A
Laboratory Manual, Cold Spring Harbor Laboratory Press, New
York, pp. 133-155.

Innis M A & Gelfand D H 1994 In: PCR protocols, A Guide to Methods
and Applications, CRC Press, London, pp. 5-11.

Sharrocks AD 1994 In: PCR Technology, Current Innovations, CRC Press,
[ondon, pp. 5-11.

Kwok 8, Kellog D E, McKinney N, Spasic D, Goda L., Levenson C &
Sninsky J J 1990 Nucleic Acids Res. 18: 999-1005.

Linhart C & Shamir R 2002 Bioinformatics 18 Suppl 1: p. § 172-181.
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Reference websites
http://www.primerdesign.co.uk/
http://www.mcb.uct.ac.za/peroptim htm
http://dbb.nhri.org.tw/primer/index. htmi
http://bibiserv.techfak.uni-biclefeld.de/genefisher/
http://frodo.wi.mit.cdw/cgi-bin/primer3/primer3 www.cgi
hitp://seqeore.bref.med.umich.edu/doc/dnaseq/primers.html
http://bioweb.uwlax.edw/GenWeb/Molecular/Scq_Anal/Primer_Design/

http://www.idtdna.com/analyzer/Applications/OligoAnalyzer/
Default.aspx

http://www.premicrbiosoft.com/primerdesign/index.html
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Construction of phylogenetic trees

S Balaji & Santhosh J Eapen

A phylogenetic tree is a specific type of cladogram where the branch
lengths are proportional to the predicted or hypothetical evolutionary time
between organisms or sequences. Cladograms are branched diagrams, similar
in appearance to family trees that illustrate patterns of relatedness where
the branch lengths are not neccssarily proportional to the evolutionary time
between related organisms or sequences. Bioinformaticians produce
cladograms representing relationships between sequences, either DNA
sequences or amino acid sequences. However, cladograms can rely on many
types of data to show the relatedness of species. In addition to sequence
homology information, comparative embryology, fossil records and
comparative anatomy arc all cxamples of the types of data used to classify
species into phylogenic taxa. So, it is umportant to understand that the
cladograms generated by bioinformatics tools are primarily based on
sequence data alone. Given that, it is also true that sequence relatedness
can be very powerful as a predictor of the relatedness of species.

Methods

] Neighbor-joining

o Minimum Evolution
® Maximum Parsimony
° Maximum Likelihood
[ UPGMA

Materials required
{a) Conserved genes from organisms (Nucleotide sequence data)
{b) Softwares

® Nucleotide sequence rctrieval
http://www.ncbinlm.nih.gov/

® Protein sequence retricval
http://www.expasy.org

® Multiple sequence alignment
http://www.ebi.ac.uk/clustalw/
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e Phylogenctic trec
http://www.genebee.msu.su/clustal/basic.html

e Advaneed phylogenetic trce construction
http://cvolution. genetics. washington.edw/phylip/software. html

Procedure

Try to construct phylogenetic tree for the conscnsus sequence from multiple
sequence alignment.

L

IL
I

V.

VL

VIIL

IX.

Get the completc coding scquence for gene of your interest and
perform a BLAST search.

Collect similar scquences from different taxa (or collect 8 specics).

Make a Multiple Sequence Alignment (MSA) of the sequences by
using Clustal X (Or clse follow IV).

Go the the ClustalW server at EBI: http://www.ebi.ac.uk/clustalw/
and enter all your sequences together in the provided field. Perform
the multiple alignment. Copy the entire window’s contents to a
NotePad document.

Go to the online Phylip page at: http://bioweb.pasteur.fi/seqanal/
phylogeny/phylip-uk.html.

Create two different phylogenetic trees for the multiple alignment
you’'ve created using the programs DNAdist with neighber (distance
matrix) and fastDNAml (maximum likelihood} under Programs for
molecular sequence data.

Print out both trees in drawgram format. Make sure you keep track
of which method created which tree.

Which of these two methods do you think is more likely to produce
correct results? Why?

On each tree, label each node with the name of its corresponding
species.

Explain briefly two of the differences you can see between the
phylogenies you obtained.

Check the status of your taxa or the organism/ gene of your interest
among the 8 species you have inputted to make a phylogenetic tree.

Reference website

http://cvolution.genetics.washington.edu/phylip/software.hnnl
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Biological characterization of plant pathogens

M N Venugopal

Diseascs caused by fungi, bacteria, virus and virus like agents are
responsible for heavy losses world — wide. To control these diseases, it is
important to identify the causal agent and to dctermine its characters. So
[ong as the causal agent remains a inysiery, the presence of a discase can be
demonstrated only by biological s to plant indicators. Though recent
advances in diagnostic methods made the characterization easy and reliable,
biological characterization methods viz. study of symptoms in field and
simulated conditions, isolation and identification of associated pathogens,
host range, transmission and identification of indicator plants play a
important role in understanding disease and disease complexes. Biological
characterization continues to be essential for identifying and characterization
of new agents, new races and discases also in formulating disease
management strategies.

Disease symptoms

Symptomotology is the study of symptoms and signs as evidence in
disease diagnosis. Each discase or several diseases on a common host
produce a characteristic symptom, which are the visible effects of pathogen
on plant. Individual diseases are recognized largely by characteristic
symptowns. Familiarity with symptoms and signs is essential in disease and
pathogen identification, Adverse factors like drought, cold, heat, pesticides,
herbicides and lightening cause look-like symptoms. Careful study of
symptoms and verification from documented sources is the basic step in
studying the disease and associated pathogens. The specimens can be
reexamined to check their identity with biologicat collections.

Following are the general disease symptoms produced by various
groups of pathogens.

Root symptoms

Injury to the root system often includes yellowing, stunting, or wilting

of above ground parts. Wash off the roots when possible and fook for the
following;
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Small discolored or dead areas (fungi)

General death of the feeder roots or the entire root system (fungi and
root lesion or burrowing nematode)

Discoloration of the vascular tissue in the crown and lower stern (fungi,
such as Verticillivm spp. and Fusarium spp., bacteria)

Galls on roots {crown gall {caused by bacterium Agrobacterium
tumefaciens, fungal discases such as club rot of cabbage, root knot
nematodes)

Symptoms on storage organs

Storage organs include tubers, bulbs, and corms. Symptoms on these

organs include:

»

>

»
»
»

Discolored or dead areas that go deep into storage organs (fungi,
bacteria, nematodes)

Dry rots (fungi)

Soft rots accompanied by strong, repulsive odors (bacterial pathogens,
such as Erwinia spp.) (Frequently, bacterial soft rots move into tissue
originally attacked by pathogenic fungi, making diagnosis of the
original pathogen difficult.)

Scabby lesions on potato skins (bacteria such as common scab)
Galls on storage organs {fungi, nematodes)

Internal problems (several viruses or bacteria, such asring rot of potato)

Seedling diseases

> Seedlings fail to emerge, or fall over and die (damping-off caused by
fungi such as Rhizoctonia, Pythium, and Fusarium)

» Dead areas on cotyledons or stems (fungi, bacteria)

Leaf symptoms

»  Leaf discoloration or ycllowing in localized or distinct patterns (viral)

»  Nccrotic (dead) areas on leaves, often containing fruiting bodies (fungi)

» Necrotic areas on leaves, often with water-soaked margins (bacterial)

»  Small rusty-red, brown or black spots and stripes (fruiting bodies of

rusts and smut fungi)
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P
>
»
»

Leaf distortion (elongated, dwarfed, thickened, etc.) (viral)
Leaf galls (fungi such as pcach leaf curl and oak leaf blister, insccts)
White, powdery substance on leaves (powdery or downy mildew)

Wilting (vascular wilt fungi, root rot pathogens, bacteria, drought)

Stem, branch, and trunk disorders

>

%

»

Cankers and complete or partial death of woody stems or branches
(fungi and bacteria)

Sticky ooze from trunks and branches (bacteria, mechanical injury,
stress, boring insects, sapsuckers (birds)

Large conks and bracket-like fruiting structures on trunks and branches
(wood-rotting fungi)

Galls or swellings on lower trunk and/or branches (crown gall
bacterium, white pine blister rust)

Witches” brooms or excessive branching (fungi, mistletoes,
phytoplasmas)

Extreme distortion, eniargement, and flattening of stems or branches
{(physiological/genetic condition known as fasciation).

Flower symptoms

»  0ddcolor changes (often in a mosaic pattern) and/or distortion (viruses)

»  Death of flower parts {fungi such as grav mold (Botrvtis spp., bacteria)

> Individual flowers or seeds converted into masses of black spores (corn
smut)

»  TFlowers that are green and smaller and more dense than normal
(phytoplasia)

Fruit symptoms

> Fruit decays, rots, and superficial spotting or russetting (fungi).
Important diagnostic symptoins include specific color of rotted tissue,
firmness of the tissue, and signs such as spores or fruiting structures

»  Discolorations and malformations {viruses)

>
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Pathogenicity tests or bioassays

The ultimate verification of a plant pathogen generally requires a
pathogenicity tests, but these tests are to be carried in ideal field or controlled
simulated field conditions. In the field samples several micro organisms
may be isolated from a disease specimen. To find out the real pathogen the
following Koch'’s postulates are to be followed.

1, Determine whether suspected pathogen is always associated with
the disease (symptom complex)

2. Isolate the suspected pathogen, grow it in pure culture on an artificial
medium and describe it.

3. Inoculate the organism on to a healthy plant of the same varnety or
species and determine whether the symptoms obtained are the same
as those of the original disease.

4. Reisolate the pathogen from the inocuiated plant and compare with
the original isolate. This rule was added to the rules originally
formulated by Robert Koch (1882) by the American Plant Pathologist
E.F. Smith. This confirms that the organism actually spread and
multiplied in the host. For obligate parasites, downy mildews, rusts,
viruses and virus like agents, which cannot be, cultured on artificial
media, these postulates cannot be applied. However, by following
different transmission techniques contagious nature of disease causing
agents can be confirmed which 1s the main object of Koch’s postulates.

Isolation and characterization of pathogens

Bacterial and fungal pathogens often have to be isolated and cultured
from diseased plant specimens before these can be identified. Pathogens
capable of saprophytic growth can generally be grown in culture altheugh
some of these are fastidious in their requirement. Isolation of fungi from
plant material is usually achieved by placing small portion of tissue onto a
suitable agar medium in sterile Petri plates. Spores removed directly from
fruiting bodies with a fine needle can also be placed on the surface of the
agar.

Many saprophytic fungi and bacteria grow on or contaminate plant
tissue as secondary colonizers of disease lesions. Proper surface sterilization
and by use of selective media the target pathogen can be isolated and brought
to pure culture. The pure cultures can be obtained from the primary
inoculation plates by colonies initiated by single spore or hyphal tip. Baits
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and selective media are other important methods used for selective isolation
and quantification of pathogens from soil. Many fungi grow well in
|aboratory conditions and they can be induced to sporulate under near
ultraviolet light (black light).

The isolated fungi can be identified by staining with cotton blue and
Jacto-fuchin and observing under light microscope. Many obligate pathogens
like rusts and downy mildews are purified through repeated inoculations
and maintained on live hosts or on the semi synthetic media/respective host
calli.

Characterization of fungal pathogens

Colony characters, morphology of reproductive structures, branching
pattern of mycelium, host range, virulence, biometry and cytology are the
parameters used in characterizing fungal pathogens and their strains. The
differential expressions of disease on a set of hosts are often used to
differentiate and to identity the pathogens and their races. In obligate
parasites like rusts and downy mildews, the reaction on different host
genotypes / varieties is widely used to characterize species and their races.
In Sclerospora graminicola an obligate fungal pathogen, four pathotypes
are identified based on their differential reactions with bajra genotypes,
morphology, biometry, cytology and serological relationship. Similarly
brown rust (Puccinia recondata f sp tritici), black rust (P graminis f sp
tritici) and yellow rust (P strifirmis { sp trstict) and theirraces are identified
on their reaction on a set of differentials.

Isolation of bacteria

Washing diseased samples in sterile water, quick dip into 10% sodium
hypo chlorate is sufficient for surface sterilization. Routine surface
sterilization kills associated bacteria and only for thicker plant parts surface
sterilization in 70% alcohol is done prior to isolation. Streaking of suspension
fxmtaim'ng bacterial ooze obtained from infected plant part is done during
Initial stage of isolation. Sub culturing is done through well separated
colonies. Nutrient agar is a good general-purpose medium for isolation of
Pathogenic bacteria.

Observation of bacteria in the infected tissue can be facilitated using
0.1% Toluidine blue o under x 400 magnification. If present it may be
P OS.SibIe to see motile bacteria around the cut edge tissues, bacteria are
Stained a deep blue, plant tissues a paler greenish-blue. One of the major
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divisions of bacteria is that between those can retain a complex of crystal
violet and iodine against elution with ethano! (gram positive) and those that
cannot {gram negative). The gram stain is useful as a primary detcrminative
character for many plant bacteria.

Characterization

Pathogenic isolates of bacteria are characterized based on colony
colour, morphelogy, phenotypic characters, utilization of carbon sources,
nitrite metabolism and pectolytic activity. Five biovars of Ralstonia
solanacearum infecting cup plants are recognized based on the above
characters. Xanthomonas campestries pv vesicatoria, causal agent of
bacterial spot of tomato and pepper for 70 years was considered
homogencous group. Presently genctically and phenotypically distinct two
groups are recognized based on amylolytic activity, reaction on differential
hosts (tomato races TT and TII), reaction patterms with monoclonal antibodies,
DXNA restriction profiles and DNA-DNA hybridization.

Maintenance of virus cultures

Virus and virus like organisms are generally maintained on the
respective hosts or propagation hosts under controlled eonditions.

Characterization of virus and virus like agents

Combination of several criteria such as characteristic symptoms,
transmission through sap, vectors, dodder, graft, inclusion bodies,
purification methods, particle morphology, host range, typical reaction on
indicator hosts are used preliminarily to characterize associated virus. In
mechanically transmissible viruses, the virus distribution in different host
parts and virus concentration is determined through serial dilution and
bioassay on indicator host. Host range and differential expression of
symptoms on set of indicator hosts is another widely employed key to
characterize the virus. In vector transmitted viruses, the different combination
of pre-acquisition fasting, acquisition feeding, serial transmission, post
acquisition fasting, different periods of post acquisition feeding are used to
characterize virus into non-persistent, semi-persistent and persistent viruses.

Biological indexing on members of Solanaceae, Cucurbitaceae,
Chenopodiaceae, Amaranthaceae and many woody plants remains as
essential tool for identifying and characterization of new agents and diseases
and also diagnosis in certifieation programmes. In many cases where the
pathogen involvement is not known, the presence of disease can be
demonstrated only by biological transmission to plant indicators. Besides
virus characterization, indicator hosts can be used to identify virus and their
strains. Cross protection by virus strains is also used to identify related
virus strains in Tristiza infecting citrus and TMV infecting tomato.
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In spite of advances in the immuno diagnostics and molecular
techniques several viruses like viruses infecting polato, tomato, orange,
stone fruits, chilli, cardamom etc biological indexing on sct of indicator
hosts 1s still in practice for virus diagnosis in plant and secd certification
programmes.

Conclusion

Despite disadvantages of being laborious, time consuming and skijl
demanding, biological characterization remains the primary and compulsory
approach in identification, charactcrization and diagnosis of plant pathogens.
In the future, even with evercharging advances in molecular techniques,
the biological characterization continues to play the prime role in diagnosis
of pathogens in seed and plant health programines. Cost effectiveness, access
toreagents and sophisticated analytical techniques are other factors favouring
the apphication of traditional biological characterization methods m disease
management strategies.
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Characterization of pathogens based on isozymes
and allozymes markers

Shamina Azeez & B Chempakam

Accurate identification and early detection of pathogens is the corner
stone of disease management in many crops. One aspect of this is to study
the pathogen diversity in the environment. Pathogens have traditionally been
differentiated at species and subspecies level using biochemical and
immunological characters. However, a number of typing methods, based
on molecular analyses have recently been used to study the diversity with
varying degrees of success.

Intra- and infer specific variability in pathogens has been traditionally
studied using morphological parameters. In later years, biochemical methods,
in specific, isozyme polymorphism and immunological variability, has helped
refine the characterization of pathogens further. Despite the availability of
highly sensitive molecular methods of characterization in the present day,
bicchemical methods remain popular, because of their simplicity, economy
and ease of interpretation, for the information that they afford.

The 1964 IUPAC-IUB Commission on Biochemical Nomenclature
(CBN) recommended that “multiple enzyme forms” in a single species
should be known as isoenzymes (or isozymes). It is known that enzymes
catalyzing essentially the same reaction may differ in various ways, as shown
in the table below, which includes some prominent examples.
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Table 1. Multiple forms of enzymes

Group Reason of multiplicity Example

1 Genetically independent proteins* ~ Malate dehydrogenase in
mitochondra and cytosot
2 Heteropolymers (hybrids) of two Hybrid forms of lactate
or more polypeptide dehydrogenase  dehydrogenases
chains, noncovalently bound®

3 Genetic variants (allelozymes)* Glucose-6-phosphate
dehydrogenases in man
4 Conjugated or derived proteins
a. Proteins conjugated with a. Phosphorylase b, glycogen
other groups synthase
b. Proteins derived from single b. The family of chymotrypsins
polypeptide chains anising from chymotrypsinogen
5 Polymers of a single subunit Glutamate dehydrogenase of
molecular weight 1,000,000 and
250,000
6 Conformationally different forms Al allesteric modifications of
enzymes

* These classes fall into the category of isozymes

Isozymes were first described by Hunter and Markert (1957) who
defined them as different variants of the same enzyme having identical
functions and present in the same individual. This definition encompasses
(I) enzyme variants that are the product of different genes and thus represent
different loci (described as isozymes) and (2) enzymes that are the product
of different alleles of the same gene (described as allozymes).

Isozymes are enzymes that differ in amino acid sequence but catalyze
the same chemical reaction. They usually display different kinetic parameters
(i.e. different K., values), or different regulatory properties. Isozymes are
usually the result of gene duplication, but can also arise from polyploidisation
or hybridization.

> Over evolutionary time, if the function of the new variant remains
identical 10 the original, then it is likely that one or the other will be
lost as mutations accumulate, resulting in a pseudogene.

> However, if the mutations do not immediately prevent the enzyme
from functioning, but instead modify either its function, or its pattern
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of gene cxpression, then the two variants may both be favoured by
natural selection and become specialised to different functions. For
example, they may be expressed at different stages of development
or in different tissues.

Allozymes may result from point mutations or from insertion-deletion (inde/)
events that affect the DNA coding sequence of the gene. As with any other
new mutation, there are three things that may happen to a new allozyme:

» It is most likely that the new allele will be non-functional, resulting
in low fitness and therefore removal from the population by natural
selection.

»  Alternatively, if the amino acid residue that is changed is in a relatively
unimportant part of the enzyme, for example a long way from the
active site then the mutation may be selectively neutral and subject
to genetic drift.

» In rare cases the mutation may result in an enzyme that is more
efficient, or one that can catalyse a slightly different chemical reaction,
in which case the mutation may cause an increase in fitness, and be
favoured by natural sclection.

An example of an isozyme is glucokinase, a variant of hexokinasc
which is not inhibited by glucose 6-phosphate.

Glucose + ATP < Glucose-6-phosphate + ADP
Hexose ~ MgATP* & Hexose-PO,” + MgADP- ~ H*

Its different regulatory features and lower affinity for glucose
(compared to other hexokinases), allows it to scrve diffcrent functions in
cells of specific organs, such as control of insulin release by the beta cells
of the pancreas, or initiation of glycogen synthesis by liver cells. Both of
these processes must only occur when glucose is abundant, or problems
OCCur.

Distinguishing isozymes

[sozymes (and allozymes) being variants of the same enzyme, the
differences in their biochemical properties (for example their substrates
and enzymc kinetics) are too subtlc to aid in their being distinguished by 2
biochemical assay. [sozymes may differ in other ways, in particular, amino
acid substitutions that change the electric charge of the enzyme (such as
replacing aspartic acid with glutamic acid), which are simple to identify by
gel clectrophoresis, and this forins the basis for the use of isozymes 85
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molecular markers. To identify tsozymes, a crude protein extract is made
by grinding animal or plant tissue with an cxtraction buffer, and the
components of extract are separated according to their charge by gel
electrophoresis. Historically, this has usually been done using gels made
from potato starch, however, acrylamide gels provide better resolution, and
cellulose acetate gels are now (as of 2005} the norm,

All the proteins from the tissue are present in the gel, so that individual
enzymes must be identificd using an assay that links their function to a
staining reaction, elaborated fatcr. This assay method requires the enzymes
to be still functional after separation (native gel electrophoresis), and
provides the greatest challenge to using isozymes as a laboratory technique.

Isozvmes and allozymes as molecular marKkers

Despite the amazing diversity seen in life, living organisms also share
simifarities. Different species of life have evolved over time through a
process called speciation. Population genetics is essentially a study of the
causes and effects of genetic variation within and between populations,
and in the past isozymecs have been amongst the most widely used molecular
markers for this purpose. Though they have now been largely superscded
by more informative DNA-bascd approaches (such as dircct DNA
sequencing, single nucleotide polymorphisms and microsatellites), they are
still amongst the quickest and cheapest marker systems, and rcmain an
excellent technique for identifying low levels of genetic variation, e.g.
quantifying mating systems,

Many basic and applied aspects of plant pathology — usually fungus,
nematodes and bacteria - can be studied with isozymc analysis. Isozyine
analysis is frequently used for taxonomic purposcs for the separation or
combination of species, scparation of subspecies varieties and intersterility
groups.

Electrophoretic banding pattemns of isozymes can be interpreted in
terms of the allcles and loci that code for the polypeptides. Statistical methods
have been devoloped for population genetics, numerical taxonomy and
cladistics (i.c., systematic based on phylogenctic relationships) to express
relatedness among samples. Each band on a gel is assigned a descriptive
value based cither on the net migration of the band from the origin (Em
value) or its position relative to that of the band coded by the most commmon
:2313. Ifno .gene'tic intcrpretation is planned, each pair of isofates can t_Jc
N Mpared using simple matching coefficients. The data can be expressed in
¥Tms of genetic similarity (closeness of relationship of two individuals or
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populations) or genetic distance (dissimilarity between two individuals or
populations). Similarity values vary from 0 (most distantly related) to 1
(most closely related). Similarity coefficients are calculated using the

formula:
Bands in comon

2x x 100
Bands in isolate A + Bands in isolate B

Matching, similarity and distance coefficients can then be subjected
to cluster analysis using multivariate analysis or other clustering procedures
to group together the different individuals or populations that resemble each
other and to identify causes of variability (like geographic location,
subspecific groupings, etc.) Of the several cluster analysis programs
available, the two most common are single-linkage cluster analysis and
unweighed pair group mean average (UPGMA) cluster analysis. The
relationships of individual isolates of entire populations can be summarized
in the form of clusters or dendrogrmns.

Electrophoresis for enzyme purification

Electrophoresis is a technique in which molecules (enzymes, proteins,
amino acids, nucleotides and nucleic acids) are separated by differences in
their net charge in the presence of an externally applied electric field,
polyacrylamide gel electrophoresis (PAGE) being the most common.
Polyacrylamide is a polymer of acrylamide (-CH,CHCONH,-) and
methylene bisacrylamide (—CHZCHCONHCHzNHCOéHCHZ-) and when
prepared as a gel is transparent, thermostable, non-ionic and extremely
regular in structure. Polymerization is initiated by the free radicals formed
by TEMED (N,N,N,N —tetramethylethylenediamine) in the presence of
either ammonium persulfate or riboflavin (and light). As TEMED is a free
base, polymerization may be delayed or even prevented at low pH. The gel
may be either in the form of a rod or a slab, although the latter is preferred.

Effective pore size of polyacrylamide gels depends on the acrylamide
concentration, the pore size decreasing with increase in acrylamide
concentrations. Two parameters - %T and %C — describe the composition
of a polyacrylamide gel. %T is the total concentration of monomer used
(acrylamide + bisacrylamide) in grams per 100 ml and %C is the percentagé
{by weight) of the total monomer which is the cross linking agent.

Acrylamide is a neurotoxin and needs te be handled using GO‘_?d
Laboratory Practices (GLP) to avoid poisoning. Polyacrylamide is not toxi¢
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but unpolymerized acrylamide can be present in the polymerized acrylamide
and so should be handled with caution.

Dissociating and non-dissociating (native) protein electrophoresis

Proteins run on PAGE in the absence of SDS (sedium dodecyl sulfate,
the most common dissociating ionic detergent used) will separate on the
basis of their charge to mass ratio. While native (non-denaturing) PAGE
does not provide direct measurement of molecular weight, the technique
can provide useful information such as protein charge or subunit
composition. Native PAGE also has the potential for separating proteins of
identical molecular weight, which cannot be resolved with SDS-PAGE
(denaturing). In addition, proteins on native PAGE usually retain their
activity. This allows enzymes to be detected by sensitive and specific activity
stains and delicate proteins to be resolved and recovered in a biologically
active form.

The interpretation of native gels is more complex than the
interpretation of SDS - PAGE gels. Not only can differences in relative
mobility reflect differences in charge, mass or both, but also, proteins may
have a pl at or above the pH of the buffer, in which case they will not
migrate or will “retro-phorese” backward into the upper buffer chamber.

The equation govermning protein mobility in native gels is: Log Rf =
log (Yo) - KRT

RF - relative mobility, normalized to the dye front or some other
standard.

Yo - relative mobility of the protein in the absence of any sieving
matrix.

R - “retardation coefficient,” the extent to which the gel matrix affects
mobility.

T - % monomer of the gel matrix.

In the presence of SDS, all proteins have the same Yo, so that a
simple relationship exists between Rf and KR at any given T, In other words,
SDS treated proteins, having identical charge to mass ratio, migrate at the
Same speed in free solution under electric force. With such proteins, if you
know the mechanical resistance exerted by the gel, you can determine the
mo'bi]ity. This mechanical resistance, KR, is directly related to molecular
Welghﬁ so that a determination of KR allows calculation of molecular weight.
In native gels, the situation is more complicated. Both Y0 and KR can vary

;emeeﬂ proteins. Yo {s refated to the charge, while KR varies with the
ass,
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Continuous and discontinuous buffer systems

Fleetrophoresis systems where the same buffer ions are present
throughout the sample, ge! and eleetrode vessel reservoirs (even if at different
concentrations) at constant pH, are called continuous buffer systeins. In
contrast, discontinuous (multiphasic) buffer systems employ different buffer
ions in the gcl compared to the clectrode reservoirs, most also include
differences in buffer coinposition and pH. Here a large pore ‘stacking’ gel
is polymerized on top of the smaller pore resolving gel,

Preparation and electrophoresis of polyacrylamide gels

As the topic is on characterization of pathogens using isozymes as
markers, the technique for native discontinuous electrophoresis alone is
given below

Stock solutions

*» Acrylamide-bisaerylamide (30:0.8): Dissolve 30 g acrylamide and

0.8 g of bisacrylamide in a total volume of 100 ml water. Filter

through Whatman No. | and store at 4°C in a dark bottlc. Stable for

1-2 months.

TEMED: Stable as undiluted solution at 4°C in a dark bottlc.

Aminonium persulfate (1.5% w/v): Prepare fresh.

Riboflavin (0.004% w/v): Solution is stable when stored at 4°C ina

dark bottle.

*¢ Electrophoresis buffers: For high pH discontinuous (Stacks at pH

8.3, separates at pH 9.5)

(Q  Stacking gel buffer: Tris ~ HCI (pH 6.8): Dissolve 6.0 g of
Tris in 40 m] water and titrate to pH 6.8 with 1 M HCI (~ 48
ml). Adjust to 100 m] final volume.

O  Resolving gel buffer: Tris - HCI (pH 8.8): Dissolve 36.3 g of
Tris in 48.0 ml of 1| M HCl and bring to 100 ml finat volume
with water. Titrate to pH 8.8 with HCI if necessary.

(Q  Rescrvoir buffer: Tris — Glycine (pH 8.3) at correct
concentration for use: Dissolve 3.0 g Tris and 14.4 g Glycine
in water and bring to 1 litre final volume,

. e

*
<

Cd

L)
*

Preparation of slab gels

The gel plates are perfectly cleaned to ensure good gel adhesion (bY
soaking in chromic acid, rinsing off the acid and wiping with ethanol and
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acetone before air-drying). In the discontinuous buffer system, the stacking
gelis polymerized on top of the resolving gel, the sample wells are formed
in the stacking gel. The resolving gel of appropriate concentration is poured
first into the space between the glass plates, and allowed to polymerize
with a flat meniscus by layering resolving buffer over the gel before it sets,
The gel mixture is prepared as per the recipe above and before the addition
of TEMED, the solution is degassed using a water pump, to prevent bubble
formation and for reproducibility in polymerization rates. The gel may be
sealed and stored in a refrigerator to be used the next day or used immediately
after pouring the stacking gel.

The resolving gel buffer layered over the polymerized 1esolving gel
is poured off and washed with a smalf volume of stacking gel buffer. The
stacking gel of appropriatc concentration is prepared and poured over the
resolving gel. A comb is inserted into the solution carefully to avoid trapping
air bubbles and left undisturbed to polymerize. For riboflavin-catalyzed
polymerization, a fluorescent lamp is placed within 2-5 em of the gel. After
polymerization, the comb is removed carefully and the wells formed for
sample loading is cleaned with a syringe needle without damaging the gel
and filled with stacking gel buffer and used immediately.

Sample preparation for native protein electrophoresis

Samples to be run on native gels shouid be prepared in a way, which
minimizes denaturation of the proteins. Avoid heat, strong detergents,
foaming, over-dilution and minimize the activity of endogenous protcascs.
Keeping the sample cold and including protease inhibitors should help.
The choice of buffer is dictated by the requirements of the protein of intcrest,
although some general principles apply. [sotonic (100 - 150mM salt) bufters
of pH 6.5 - 8.5 are best for most applications. Large deviations from this
range may destabilize proteins, and will also introduce artifacts into the
electrophoresis results. Tris or phosphate buffers work well in this pH range.

Electrophoresis

The glass plates are elamped to the electrophoresis apparatus with
the notched side of the glass plate aligned with the notch in the upper
Teservoir. Reservoir buffer is added to the lower reservoir avoiding air
bubbles sticking to the bottom of the gel, after which the sample wells and
the upper reservoir is also filled. The samples are loaded carefully to the
}Vells and as it is denser it will sink to the bottom of the well. The anode ()
'S Connected to the botrom and the cathode () to the upper reservoirs.
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Electrophoresis is conducted at either constant current or constant
voltage, though [ater gives constant protein mobility during electrophoresis.
Too high current may risk over heating and too low voltage increases
electrophoresis time and decreases band resolution due to diffusion. In
general slab gels may be electrophoresed during the day at 25 — 30 mA
constant cutrent or by stacking at 120 V followed by resolving at 200 V
constant voltage.

Analysis of gels after electrophoresis

Slab gels are easily recovered by removing the side spacers and gently
levering the glass plates apart at the end away from the notch to avoid
damaging the fragile notched end. The resolving gel may be carefully
transferred into a tray for soaking in bufters or stains. If enzyme activity is
to be detected after gel electrophoresis, care should be taken to minimize
loss in activity.

Activity stains are specific for a given enzyme or family of enzymes.
For example, detection can be based on the localised precipitation of soluble
indicator dyes such as tetrazolium salts which become insoluble when they
are reduced by cofactors such as NAD or NADP, which is generated in
zones of enzyme activity. Examples of some well defined, commonly used
activity stains are given below:

Horseradish peroxidase catalyzes the oxidation of a wide range of
substrates, transferring electrons from these substrates to H,O, to produce
water. Diamino Benzidine (DAB), when oxidized by HRP, produces an
insoluble brown precipitate. Gels soaked in H,O, and DAB will show brown
bands over sites of peroxidase activity.

This assay can be adapted to detect a number of other enzymes. If
H,0, is left out of the buffer, and peroxidase is added at 50 pg/ml, the
system will detect H)O,. Inclusion of amino acids allows detection of the
H,0, producing enzyme amino acid oxidase. Similarly, addition of an amine
will permit detection of amine oxidase, which also releases H,0,. Inclusion
of both H,O, and HRP in the assay mix will turn the entire gel brown,
except where catalase is present, as achromatic zones.

Another versatile stain is built around the reduction of Nitro Blue
Tetrazolium (NBT) to an insoluble blue formazan. Diaphorases which reduce
NBT at the expense of NAD(P)H, can be detected by soaking gels in 5S0mM
sodium phosphate, pH 7.8 + NBT + NAD(P)H. This reduction can also be
accomplished by superoxide. O, producing enzymes can thus be detected,
and superoxide dismutase (SOD), which removes superoxide, may be
detected as an achromatic zone on uniformly stained NBT/ O, gels.
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Fixing is the process whereby proteins are denatured and precipitated
in large insoluble aggregates within the gel matrix, preventing the diffusion
of proteins, thus keeping the protein bands sharp and resolved during the
staining process. The most commonly used fixatives are solutions of short
chain alcohols and acetic acid in water - soaking for 1 hr in 45% methanol,
45% water, and 10% glacial acetic acid — is quite effective. The combination
of low pH and high organic solvent content disrupts the hydrogen bonding
which holds protein structures together, and exposes hydrophobic portions
of the protein core, The result is an uncoiling of the peptide chain, followed
by an essentially irreversible association between chains, producing a high
molecular weight complex which is trapped inside the gel.
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Molccular approaches for studying the genetic
diversity of fungal pathogens and biocontrol agents

M Anandaraj & A Kumar

The culture dependent morphological, physiological and biochemical*
techniques for taxonomic studies and diversity analysis are laborious, time
consuming, and somewhat variable and provide insufficient taxonomic
resolution. In contrast, culture independent molecular methods are
universally applicable. Two important technical advances have stimulated
the use of molecular techiiques. Firstly, the advent of PCR has allowed the
analysis of small numbers of fungal cells or even single spores, dried
herbarium material or extinct organisms. Secondly, the selection of universal
oligonucieotide primers specific to fungi has provided easy access to
nucleotide scquences. The aim of molecular studies in biodiversity is
fourfold: (i) phylogenetic studies, (i) taxonomic studies, (iii} diagnostic
applications and (iv) epidemiology and population genetics.

One of the groups of genes which are most frequently targeted for
fungal identification and phylogenetic studies is the one that codes for tRNA.
The main reasons for the popularity of rDNA are that it is a multiple-copy,
non-protein coding gene, whose repeated copies in tandem are homogenized
by concerted evolution, and it is therefore almost always treated as a single-
locus gene. Furthermore, ribosomes are present in all organisms, with a
common evolutionary origin. Parts of the molecule are highly conserved
and serve as reference points for evolutionary divergence studies. The
conserved regions alternate with variable regions or divergent domains.
The 5.85, 1885, and 255 rDNAs are transcribed as a 35S to 408 precursor,
along with internal and external transcribed spacers (ITS and ETS). All
spacers are spliced out of the transcript. Between each cluster is a non-
transcribed or intergenic spacer (NTS or IGS) that serves to separate the
repeats from one another on the chromosome. The 5S gene takes a variable
position and is transcribed in the opposite direction. The total length of one
DNA repeat is between 7.7 and 24 kb. Comparisons of the 18§ (also called
the small-subunit [SSU]) rRNA sequences have been performed to assess
the relationships of the major groups of living organisims. The ITS regions
are much more variable, but sequences can be aligned with confidence only
between closely related taxa. These regions are generally used for species
differentiation but may also demonstrate patterns of microevolution. A
relative hybridization value of over 80% is generally regarded as indicating
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membership in the same species, whereas values of less than 20% are proof
of nonidentity. Intermediate values have increasingly been found recently,
and these probably indicate subspecific entities.

Protein based markers: Isozymes

Isozymes are alternative enzyme forms encoded by different alleles
at the same locus, which can bc used as informative genetic markers.
Multiple polymorphic loci can be surveyed and typically 2 or 3 are detected
at each locus. Randomly sampled Isozymes loci are generally accepted to
be of independent genetic origin. However, Isozyme variations in many
pathogenic fungi are low or Non-existent.

DNA bascd markers

RFLP: These arc the first DNA based markers developed. They may be the
result of length mutation and /or point mutation at a restriction digests of
genomic DNA, cDNA or mitochondrial DNA fragments from specific DNA
scgments amplified using PCR. Thus, depending on the probe used, RFLPs
canbe used to analyze mtDNA variation, ribosomal (tf)DNA region variation,
repetitive and single-copy sequence varjations. RFLPs are co-dominant
markers. This makcs them suitable for population genetic studies as well as
for linkage map construction. By employing probes that detect multiple
loci and dispersed repetitive sequences, the sensitivity of the RFLP ean be
enhanced to fingerprinting resolution.

AFLP: RFLPs can be converted to AFLPs by ligating adaptors for PCR
amplification. The method offers the potential to detect large numbers of
amplification products. Although this inethod does not target specific areas
of the genome for marker identification, the large number of loci that can
be analyzed in a single experiment greatly improves the chance of identifying
markers linked to the chosen locus

PCR with arbitrary primers

Direct Amplification Fingerprinting (DAF) (Cactano- Anolles et al.
1991) involves the use of short primers, five to eight nucleotides long, with
low or high stringency annealing steps and a two-temperature instead of
Standard three temperature cycling program. Resulting fragments are
Separated on polyacrylamide gels and visualized by silver staining. AP-
PCR (Welsh & McClelland 1990) is performed with oligonucleotides with
20 or more nucleotides were used as primers. Two cycles with low stringency
(a“.OWing for mismatches) were followed by 3 to 40 cycles with high
Stringency. This method is employed to assay variation “within
Species™(Williams er a/. 1990), in which arbitrary short oligonucleotide
pnm(?rs, target unknown sequences in the genome, are used o generate
amplification producis that oftcn show size polymorphism within species.
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RAPD analysis offers the possibility of creating polymorphisms
without any prior knowledge of the DNA sequences of the organism
investigated. The patterns produced are highly polymorphic, allowing
discrimination between isolates of a species if sufficient numbers of primers
are screened. RAPDs data can contain artifacts and are not fully reproducible.
However, RAPDs have been used to generate quickly and cheaply large
numbers of genetic markers useful for linkage mapping. RFLP analysis is a
laborious and time-consuming procedure that requires previous information
of the genome. All these limitations can be overcome by RAPD analysis.
RAPD is useful in generating large numbers of DNA markers for species
whose genomes are relatively unknown. RAPD fragments can be used to
clone and sequence data, to design PCR primers specific for particular
organism which then can function as sequence tagged sites (STSs). This
method eliminates the problems associated with reproducibility associated
with RAPD analysis.

Primer screening
Primer screening is performed to ascertain the suitability of primers

and to select primers for the RAPD analysis. For screening primers PCR
reactions are set up using DNA from model organism as template.

PCR with template DNA as variable

For the RAPD analysis, the primers giving positive amplification
during screening are selected. These selected primers are used to amplify
DNA from test organism, In this reaction, the template DNA is a variable
while all other reaction constituents are kept constant. )

Past PCR analysis of data

Resolve the PCR products in 1.4% agarose gel using protocols
mentioned earlier and record the results for analysis using suitable
programme for data interpretation.
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Molecular approaches for analyzing the genetic
diversity of Phytophthora capsici infesting black

pepper
M Anandaraj, Sheji Chandran & A Kumar

All the available keys on the taxonomy of Phytophthora are
traditionally based on morphological, physiological and pathogenic
characters. There are always inconsistencies in these characters and overlap
of phenotypic characters among species. The advancements in molecular
techniques has resulted in the use of DNA- based techmques such as analysis
of sequences in the internal transcribed spacer region (ITS) region of the
nuclear ribpsomal RNA (rRNA) gene cluster and mitochondrial DNA.
Analysis of the ITS region has been used to determine interspecific variation
and sequence differences have been used to distinguish between
Phytophthora species and also to study the phylogenetic relationships.
Sequencing of rDNA gene clusters provide a relatively rapid identification
procedure and enables to distinguish 1solates that had previously been
identified by morphological methods. It was emphasized by Cooke et al.
(2000) that the six taxonomic groupings of Stamps et al. (1990) do not
represent natural assemblages because individual ITS clades contained taxa
from multiple Waterhouse groups. Similarly, Forster et al. (2000}, based on
ITS1 sequence analysis, concluded that the morphological characters used
in Phytophthora taxonomy are of limited value in deducing phylogenetic
relationships because they exhibit convergent evolution. ITS sequence
analysis involves various steps including molecular cloning. Cloning of
any DNA sequence involves four steps namely, amplification, ligation,
transformation, and screening/selection. Initially, the DNA fragment of
interest needs to be amplified (many copies need to be produced).
Amplification is commonly achieved by means of PCR. Subsequently, a
ﬁgation procedure is employed whereby the amplified fragment is inserted
Into a vector. The vector (which is frequently circular) is linearised by means
of restriction enzymes, and incubated with the fragment of interest under
aPPropriate conditions that allow for ligation. Following ligation the vector
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with the insert of intcrest is transformed to cells. Finally, the transformed
cells are cultured. Modern cloning vectors inciude selectable antibiotic
resistance markers, which allow only for cells in which the vector has been
transformed to grow. Further confirmation can be accomplished by means
of blue/white screening {4-factor complementation) on X-gal medium and/
or PCR, possibly followed by DNA sequencing.

The basic steps in a gene cloning experiment are as follows.

® PCR amplification of gene of interest and elution of the PCR product
from the agarose gel.

& Preparation of vector DNA by cleaving with appropriate restriction
enzyme.

® Ligation of digested vector with foreign DNA having termini
compatible with those of vecior.

#® Transformation of ligated vector into an appropriate bacterial host.

® Screcning and identification of recombinant vector containing
particular insert.
Culturing of P capsici

To ensure the genetic purity the single zoospore cultures are plated
on the Phytophthora specific medium (PVPH incorporated Carrot Agar)
and after 48 hours the mycelial disc is transferred mto the carrot agar medium
and after the period of incubation 0f 24-48 brs the mycelial disc is aseptically
transferred into the liquid medium (GYP)

PCR amplification of ITS region in Phytephthora

The entire ITS regions encompassing ITS 1, 5.88 and ITS2 of the
nuclear IDNA could be amplified using the primers ITS-6 and ITS-4 that
produces an amplicon of approximately 900bp. The primer sequences for
ITS 6 and ITS 4 are as follows.

ITS 6 5° GAAGGTGAAGTCGTAACAAGG- 3'and

ITS 4 5° TCC TCC GCT TAT TGA TAT GC- 3.

RFLP PCR '
ITS6 and [TS4 were used to identify different species of Phyfophthora.
The PCR mixture contained
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DNA [.OW (50ng)

Taq pol (1U) 0.5l

Reaction buffer (1X) 2.5

MpCl12 (2uM) 3.0l

dNTP (100UM) 2.0l

Primes ITS4 and ITS6  1.2501 +1.25)1 (each primer)
Water to makeup 25ul

The PCR machine is programmed as follows.

Initial denaturation at 94°C for 3 minutes, 40 cycles of denatration
at 94°C for 1 minute, followed by annealing at 55°C for 1 minute and
polymerization at 72°C for 2 minutes and final extension at 72°C for 10
minutes

Restriction digestion of the amplified product

Once the reaction is over, out of 25ml, 5 m] is used to check out the
prescnce of the amplified product of 862bp by agarose gel electrophoresis
of 1.4%. Once the presence of the product is confirmed, out of the remaining
20m] was separated into 10 ml each, and the first 10mi is subjected to Msp
I restriction digestion by adding

0.541t of restriction enzyite (Msp [ or Tag )

0.2yl of restriction enhancer (BSA),

2l of 10x restriction buffer and

7.3} of sterile distilled water, making up the total volume of 204l

This was subjected to incubation at 37°C for 2 hrs.

The same is done with the left out 10ml of the PCR product but with
the change in the restriction enzyme, i.e instead of Msp I, Tag | (Testriction
enzyme) is used and incubated at 65°C for 2 hrs.

And the restricted product of Msp T and Tag 1 are electrophoresed in
24% agarose gel, and is documented.
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Molecular characterization of bacteria

A Kumar, V Vinod & R Aravind

The identification and classification of symbiotic and pathogenic
plant—associated bacteria are important both in terms of their agricultural
applications, as well as for basic studies on plant-microbe interactions. A
number of different phenotypic and genotypic methods are presently being
employed for microbial identification and classification. Each of these
methods permits a certain level of phylogenetic classification, from the
genus, species, subspecies, biovar to the strain specific level. Moreaver,
cach method has its advantages and disadvantages, with regard to ¢ase of
application, reproducibility, requirement for equipment and level of
resolution (Akkermans e al. 1995).

A variety of phenotypic methods has been traditionally used to type
bacteria, including serotyping, phage typing, microscopic identification,
substrate utilization screening (e.g. BIOLOG), multilocus enzyme
electrophoresis (MLEE), fatty acid methyl ester analysis (FAME), 2-D PAGE
of total proteins, and intrinsic antibiotic resistance profiling. Majority of
these techniques requires purification and cultivation of the bacteria or can
be quite laborious and time consuming (Hook ef al. 1991). The resulting
faxononty, howewver, does not necessartly reffect phylogeny, reladonships
by evolutionary descent. Most microbiologists would prefer to have
taxonomic schemes based on phylogeny since the grouped bacteria should
share close genetic backgrounds and thus common phenotypes. Phylogenetic
analysis can be based on the amino acid sequence of proteins and on the
presence of similar metabolic pathways (two early methods), but the most
accurate method of determining phylogenetic relationships is the comparison
of DNA composition and sequence.

L. Restriction Fragment-Length Polymorphism (RFLP)

With the discovery of restriction endonucleases, rapid methods were
devised to identify and cluster bacteria by what has been called Restriction
Endonuclease Analysis (REA) and Restriction Fragment-Length
P_Olymomhism (RFLP) analysis. Genomic DNA from most bacteria when
digested with “6-basepair cutters” like EcoRI, produces about 1000 DNA
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fragments of varying sizes that can be analyzed (separated) by agarose gel
electrophoresis. The collection of restriction endonuclease-gencrated DNA
fragments from a given spccies or strain of bacteria gives a distinctive pattern
when analyzed by gel clectrophoresis, and this pattern can be used to
differentiate bacteria or sirains of bacteria. This whole-genomic-pattern
method is but one exampie of REA. RFLP analysis is a technique used
mainly to detect genetic variation in a single gene. A polymorphism
(difference in fragiment size) of a specific restriction endonuclease fragment
has to be “linked” to a specific genetic allele. The fragment size is monitored
by gel electrophorests, and the specific fragment is usually identified by
Southern blotting and probing the DNA pattern with a labeled DNA fragment
that hybridizes only to the one, specific fragment. The shortcomings of
both REA and RFLP analysis is that they again are slow labor intensive and
usually require a large amount of DNA.

2. Random Amplification of Polymorphic DNA (RAPD)

RAPD analysis is a PCR based molecular marker technique, Single
short oligonucleotide primers are arbitrarily selected to amplify a set of
DNA segments distributed randomly throughout the genome. The DNA
amplification product is generated from a region which is flanked by a part
of 10 bp priming sites in the appropriate orientatjion. Genomic DNA from
two different individuals often produces different amplification patterns. A
particular fragment generated for one individual but not for other represents
DXNA polymorphism and can be used as a genetic marker.

Interpretations
v’ RAPDs exhibit polymorphism and thus can be used as genctic

markers.

v" RAPDs are dominant in the sense that the presence of a RAPD
band does not allow distinction between hetero- and homozygous
states.

v" RAPD markers linked to genes of interest can serve as starting
points for chromosome walk to isolate those genes.

v’ RAPD protocols are relatively simple.

v" In some cases, RAPD bands of differing lengths can be assigned to
the same locus. In that case, these RAPD bands are codominant
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3. REP-PCR

Versalovic et al. (1994) described a method for fingerprinting
bacterial genomes by examining strain-specific patterns obtained from PCR
amplification of repetitive DNA elements present within bacterial genomes,
Two main sets of repetitive elements are used for typing purposes. The
repetitive extragenic palindromic (REP) clements are 38-bp sequences
consisting of six dcgenerate positions and a 5-bp variable loop between
gach side of a conserved palindromic stem (Stem et al. 1984.} REP sequences
have been described for numerous enteric bacteria (Gilson er al. 1984; Hulton
et al. 1991). The palindromic nature of the REP elements and their ability
to form stem-loop structures have led to multiple propesed functions for
these highly conserved dispersed elements (Gilson er al. 1990; Yang and
Ames 1988).

Rep-PCR can be performed with DNA extracted from bacterial
colonies (Woods 1993). Rep-PCR s fast becoming the most widely used
methed of DNA typing. The technique is easy to perform and can be applied
to large or small numbers of isolates. Rep-PCR shows broader species
applicability and better discriminatory power than either plasmid profiling
or genomic fingerprinting (Georghiou 1995.). Rep-PCR has considerably
better discriminatory power than restriction analysis of the 165 tRNA gene
or the 16S-238-spacer region (Appuhary 1997). Furthermore, studies which
have compared Rep-PCR to other typing metheds such as multilocus enzyme
electrophoresis, biochemical characterizations, or ribotyping (Vila 1996).
Acomparative study of different PCR-based DNA fingerprinting techniques
for typing has shown Rep-PCR to be superior to these methods.

4. ERIC PCR

The Enterobacterial Repetitive Intergenic Consensus (ERIC)
sequences are a second set of DNA sequences which have been successfully
used for DNA typing. ERIC sequences are 126-bp clements that contain a
highly conserved central inverted repeat and are located in extragenic regions
of the bacterial genome (Sharples and Lloyd. 1990). They have been defined
primarily based on sequence data obtained from E. cofi and Salmonella
phimurium.

5. BOX PCR

While the REP and ERIC sequences are the most commonly used
targets for DNA typing, another repetitive element, the BOX sequence, has
been used to differentiate bacteria {Koeuth et al. 1995). BOX clements are
located within Intergenic regions and can also form stem-loop structurcs
due 1o their dyad symmetry. They are mosaic repetitive elements composed
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of various combinations of three subunit sequences referred to as boxa,
boxB, and boxC (Martin et al. 1992) The three-subunit sequences have
molecular lengths of 59, 45, and 50 nucleotides, respectively. The BOX
elements have no sequence relationship to either REP or ERIC sequences
(Martin et @l. 1992). While initially thought to be unique o S. preumonia,
BOX elements have now been found in 2 number of bacterial species

6. Amplified Ribosomal DNA Restriction Analysis (ARDRA)

The conserved nature of the rRNA sequences has also led to the
development of generic DNA probes for bacteria. The amplified ribosomal
gene (rDNA) is subjected to restriction endonuclease digestion this has
been termed ARDRA (Amplified Ribosomal DNA Restriction Analysis).
The resulting restriction fragment pattern is then used as a fingerprint for
the identification of bacterial genomes. This method is based on the principle
that the restriction sites on the RNA Operon are conserved according to
phylogenetic pattern (Woese 1987; Stackebrandt and Goebel 1994). The
168 rRN As are valuable phylogenetic marker molecules for microorganisms
because they are universally distributed and cpnstant in function and because
different positions of their sequences change at very different rates. This
makes the 168 rRNA gene suitable for many analytical methods, iike
sequence analysis, ribotyping, restriction fragment length polymorphism
(RFLP) analysis, and hybridization with oligonucleotide probes, all useful
for the identification and typing of microorganisms, Of all these methods.
RFLP analysis of PCR generated rDNA fragments named ARDRA
(amplified rDNA restriction analysis) is used very common.

Conclusion

Clearly, the utility of DNA-based approaches has been enhanced
tremendously by the application of PCR. A most useful, application of PCR
to bacterial identification and classificatien has been in the area of genomic
fingerprinting. Different PCR-based DNA fingerprinting techniques were
used for the identification of bacteria. The PCR-based DNA fingerprinting
techniques were: (i) repetitive extragenic palindromic (REP) PCR; (i)
enterobacterial repetitive intergenic consensus (ERICY PCR; (iii) BOX PCR;
(iv)randomly amplified polymorphic DNA (RAPD); (v) restriction analysis
of the amplified 168 IRNA gene (ARDRA-168S); and (vi) restriction analysis
of an amplified region containing the 168-23S rRNA spacer region and
part of the 23S rRNA gene (ARDRA 238 + spacer).
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Molecular systematics- basic concepts

K Nimmal Babu & J Martin

The theory of evolution is the foundation upon which much of modem
biology is built. Systematics is the scientific study of the kinds and diversity
of organisms and relationships among them. It includes taxonomy
(identification, nomenclaturc and classification), process of evolution (study
of mechanics of short-tenn evelution, including sources and organization
of variability in populations, the origins of species, and hybridization) and
phylogeny (long-terin cvolution or how different spccies may have evolved
from one another, the divergence or isolation of groups with respect to time
and location). Systematics was established as a mainstream scientific ficld
by Carolus Linnaeus (1707-1778). Itis a hicrarchical system of classification.
Groups are nested within larger groups. Levels: kingdom, phylurmn, ciass,
order, family, genus, specics.

The study of the relationships between groups of organisms is called
phylogenetics which depends on study of structural, devclopmental and
genetic {DNA, RNA, Protein scquence etc) homology. The subject of
phylogenetics was developed by Willi Hennig, a German entomologist. in
1950s and is essentially based on the understanding that groups of similar
organisms are descended from a common ancestor and phylogenctic
systematics is a method of taxonomic classification based on their
evolutionary history.

These evolutionary relationships are documented by creating a
branching structure, termed a phylogeny or tree that illustrates the
relationships between the characters and also sequences. In general it follows
two pathways as given below.

» Cladistic methods to eonstruct a tree (cladogram) by considering the
various possible pathways of evolution and choose from among these
the best possible tree.

» A phylogram is a tree with branches that are proportional t©
cvolutionary distances.
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Viaglecular evolution

With the advent of molecular genetic methods and the development
of conceptual framewaork for reconstructing phylogenetic trecs, systematics
has beccome a rigorous scientific discipline over the past few decades.
Molecular data is a powerful tool for evolutionary studies because it is not
dependent on cultural conditions, where as morphological and physiological
characters often are. It is often easier to quantitate than morphological data,
Some organisms have few morphological characters that can be used for
taxonomic purposes. Phylogenetics often makes use of numerical data, which
can be scored for various “character states™ such as the size of a visible
structure (numerical taxonomy) or usec DNA sequences which is being
increasingly available. Similantics and differcnces between organisms can
be coded as a set of characters, each with two or more alternative character
states including the alignment of DNA, RNA or protein sequences. The
major uscs of phylogenetics are determining the closest rclatives of the
organism that you're intcrested in, discovering the function of a gene and
retracing the origin of a gene.

DNA is a good tool for taxonomy. DNA sequences have many
adventages over classical types of taxonomic characters in that character
states can be scored unambiguously and information on both the extent and
the nature of large numbers of characters can be scored for cach individual;
Divergence between sequences is mainly because of nucleotide substitutions,
insertion/deletions, or genome rearrangements.

Each nucleotide difference is a character. Sequences reflect
refationships, among genes and among organisms. The understanding is
that for a given gene, closely related organisms have similar sequences and
more distantly related organisms have more dissimilar sequences. These
differences can be quantified.

Profiling using molecular markers — RAPD, SSR, ISSR, AFLF, SNF,
CAPS, DAF etc. and more recently rRNA genes, cytochrome-C genes,
mitochondrial DNA sequences, [TS regions have become important tools
for phylogenic studies. We have to choose specific sequences to make either
4 gene tree or a species tree. These sequences may be modified over time
due to mutation which reflects the evolutionary process. Similarity searches
and multiple alignments of these sequences naturally lcad to the question
On relatedness of the sequences which may reflect the relatcdness of the
OTganisms from which these SCQUCNEES COmeE.
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Species may have similar character states for three reasons. They

share a derived character state that originated in a common ancestor. They

share an ancestral character state for examplie, humans and iguanas each

have five toes, whereas a horse has one, but we’re still closer to horses.

They share a feature that is not homologous. Independent evolution of the

same character in two separate lincages is called homoplasy. If there were

no homoplasy, and all lineages evolved at about the same rate, then overal]

similarity would work. Relationships can be based on information on

homologous genes which are genes that derive from a common ancestor.
They can be

Orthologs: which are homologues in different species with analogous
functions.

Paralogs: which are homologues separated by a gene duplication (different
but related functions).

Xenologs: which resuits from a lateral transfer between two organisms.

A phylogeny that includes both orthologs and paralogs is likely to be
incorrect. Sometimes phylogenetic analysis is the best way to determine if
a new gene is an ortholog or paralog to other known genes.

The evolutionary relationships of taxa can be illustrated by a
phylogenetic tree where the taxonomic units (species, genes) are represented
by the nodes. The relationships of QTUs (operational taxonomic units) are
defined by branches.

The distances of the branch are referred to the branch length.
" Phylogenetic tree can be in the form of rooted and unrooted tree.
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Some considerations should be
kept in mind:

Monophyletic taxon : A group
composed of a collection of
organisms, including the most
recent common ancestor of all
those organisms and all the
descendants of that most recent
common ancestor. A
monophyletic taxon 1s also
called a clade. Examples:
Mammalia, Aves (birds),
angiosperms, insects, fungi, etc.
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Paraphyletic taxon: A group composed of a collection of organisms,
including the most recent common ancestor of all those organisms. Unlike
a monophyletic group, a paraphyletic taxon does not include all the
descendants of the most recent common ancestor. Examples: Traditionally
defined Dinosauria, fish, gymnosperms, invertebrates, protists, etc.

Polyphyletic taxon: A group composed of a collection of organisms in which
the most recent common ancestor of all the included organisms is not
included, usually because the common ancestor lacks the characteristics
of the group. Polyphyletic taxa are considered “unnatural™, and usually are
reclassified once they are discovered to be polyphyletic. Exampies: marine
mammals, bipedal mammals, flying vertebrates, trecs, algae, ete,

For systematic classification, only monophyletic groupings describe
evolutionarily cohcsive units. Phylogeneticly informative characters in
cladistics as given below,

% Synapomorphics: Shared derived characters are the most useful
characters for assessing phylogenetic relationships. They are
homologous characters that reflect descent from a conmon ancestor.

** Autapomorphies: Characters that are unique to a single taxon are
uninformative for assessing the phylogenetic relationships among
groups,

** Pleisiomorphies, Symplesiomorphics: Shared primitive characters
are useless for reconstructing the phylogenetic relationships among
taxa.

Autapomorphies can become synapomorphies over time.

Other approaches for phylogenetic reconstruction

Parsimony: The shortest tree is the best estimate of the phylogeny (A cladistic
method). These techniques maps characters onc-by-one, and through tree
searches find the shortest overall tree.

Neighbor-joining: A distance-based method. [t uses the overall genetic
divergence between the taxa, rather than an analysis of individual characters
(derived from the phenetic approach).

Maximum likelihood: This method uses a concrete model of the evolutionary
process (sequence evolution). It then evaluates, for each possible
phylogenetic tree, the likelihood of the observed data. The tree that is most
likely to yield the data is the best estimate (A different approach altogether).
Some softwares used for phylogenetic analysis: With so much of moleculaf
data available analysis and interpretations of sequence similarities an
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utilizing them to understand phylogeny is impossible without the help of
computational software. Some important softwares and the sites where
details of each software available are given below.

1. MrBayes Bayesian (DNA or protein): Free, good documentation, Very
flexible. Details at hitp://morphbank ebc.uu.se/mrbayes.

2. PAUP*: Maximum likelihood (DNA only), parsimony, distance, Not
free, Very flexible regarding setting parameters, constraining trees.
Details at http://paup.csit.fsu.edu/

3, Phylip: Maximum likelihood, parsimony, distance (DNA, protein,
etc.), Free, Good documentation. Details at
http://evolution.genetics. washington.edu/phylip.htmi

4. Other prograins: MEGA 3.1 (http://www.megasoftware.net ),
Tree-Puzzle (hitp://www.tree-puzzle.de/ }, PAML
(http://abacus.gene.ucl.ac.uk/software/paml.html)

Other useful softwares for molecular systematics
A. Sequence alignment
1. MUSCLE (http://www.driveS.com/muscle/ )
2. ClustalW
B. Sequence editors
1. Seglab (available in GCG package on socrates)
2. Jalview (http://www.jalview.org/ )
3. Bioedit (PC only; http://www.mbio.ncsu.edu/BioEdit/page2.htm! )
C. Format conversion ‘
1. Readseq (http.//www.ebi.ac.uk/cgi-bin/readseq.cgi )
D. Tree viewing and manipulation
1.  Treeview (full versions for PC and Mac 089; basic version for
UNIX/LINUX/Mac OSX;
http://taxonomy.zoology.gla.ac.uk/rod/ treeview.html)
2. TreeExplorer in MEGAZJ.1 (http://www.megasoftware.net/ )
3. Hypertree (for large trees; http://www.kinase.com/tools/
HyperTree hitm! )
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Role of diagnostics in discase management

M Anandaraj

The ever increasing global population cxerts pressure on the food
production system to produce more in order to meet the growing demand.
On the World {ood day 16 October 2006, Mz, Jacques Diouf, Director
General of Food and Agriculture Organizations of United Nations raised
concerns about the increasing populations of hungry millions all over the
world. There is limited scope to increase the arca but there is tremendous
scope to reduce the crop iosses caused by pests and pathogens which is
estimated to be about 40%. Diseases in plants are caused by various
organisms such as fungi, bacteria, viruses, phytoplasma, insect pests,
nematodes, other herbivores besides parasitic plants.

Diseases caused by microbes are severe and occur in epidemic and
pandemic proportions. Epidemiologically significant inercasc in pathogen
populations often goes un-notieed. Onee the epidemic is set in motion, it is
impossibie the cheek its spread. The initial detection of the potential pathogen
plays a vital role in the management of plant epidemics. Diagnostics is the
process of confirming the presence of the potential pathogen and this paves
the ways for other methods of disease management.

Plant discasc epidemies

The science of plant pathology has progressed considerably from
the time of the description of late blight of potato by the oomycetous
Pathogen Phytophthora infestans. The description of the disease as a triangle
consisting of susceptible host, the virulent pathogen and a favourable weather
has given way to the tetrahedran by including the influence of man and
f1'11‘ther to disease polyhedran adding time and space. Diagnosis of human
discases by adopting latest technologies has been progressing faster than
that of plant diseases. The mad cow disease and avian flu arc the two recent
xamples where appropriate action has been taken to prevent their spread
' humans, Similarly to prevent crop plant diseases several actions have
been developed. Diagnostic kits are available to detect microbial
contanllinams like aflatoxin in processed food and feed and various
*egulations on the maximum permissible limits.
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The nced for plant disease diagnostics

The advent of WTO and globalization has brought increased
movement of plants and there is increascd possibilitics of movement their
pests and pathogens across political and physical barriers of countries and
countinents. The international agricultural trade is regulated by many
International Standards for Phytosanitary Mceasurcs evolved by International
Plant Protection Convention (IPPC) to prevent introduction of new pests
and pathogens. The sanitary and phytosanitary (SPS) methods prevent the
introduction of pests and pathogens that affect human, animal and plant
health. With increased free trade among countries and removal trade
restrictions at times SPS could be used to restriet the import of goods if
exporting countries are not following the standards sct by importing
countrics. Therc are no scparate standards for SPS and already existing
standards governing food such as CODEX standards are cqualized with
SPS. Therc is an increased risk of misuse of SPS provision to restrict import
of goods. Under SPS agreemnent the WTO may force a nation to lower its
health standards or pay international penalty. Thc penalty could be i the
form of compensating the foreign government where cxports to the nation
are limited by strnicter standards. To avoid use of SPS as a guise to trade
restriction, the SPS regulations must be based on scientific prineiples and
based on evidences. A nation may challenge another nation’s food safety
standards being too high. The availability of diagnostie kits would be of
help to seientifically asses the damage potential of pathogens and this
becomes an essential component in discase detection in the WTO regime.

Pest Risk Analysis (PRA) and plant quarantine

The IPPC defines PRA as ‘the process of evaluating biologicat or
other scientific and economic evidence to determine whether a pest should
be regulated and strength of any phytosanitary measures to be taken against
it’. The objective of PRA are to identify pests and or pathways of quarantine
coneern, evaluate their fisks, identify cndangered areas and if appropriate
identify management options. The diagnostic methoeds arc used effectively
by regulatory authorities in plant quarantine. The recent example is Kama
bunt of wheat. The disease is caused by Tilletia indica and was reported
from India, Pakistan, Nepal and A fghanistan in 1930. By 1972 it was reported
in Mexico and it reached the Arizona coast in United States with in a couple
of years. It was considered as quarantine pathogen and its further spread
arrested by strietly following quarantine method by concerted cfforts of
plant pathologists, bioinformatics scientists and quarantine officials. The
measures ineluded, initial identification of the pathogen, confirming its
identity and complete destruetion crop by deep ploughing and restricting
the movement of seed materiaj from the affected area to other parts of the
country. The speed of detection and diagnosis are vital for the arrcst of
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movemert of discases across geographic areas. Thus the emerging diseases
arc ever increasing threat for plant pathologists all over the world. The
shrinking of world in fo a global village and free movement of people poses
greatcr threat of introducing new diseases. The availability of experts and
gxpcriise are essential in managing quarantinc pests and pathogens. The
diagnostic tools and methods are the key components essential for the
detection of pathogens that are recorded previously or occurring afresh in a
locality.

Ever since the attack on world trade centre and animosities among
countries, there is a perceived threat of biolegical warfare by introduction
of plant pathogens deliberately. Crop plants would be a soft target for bio-
terrorism and there is an increased necd to develop rapid detection and
diagnostic methods to prevent any possible biclogical warfare. Discase
detection plays a key role in arresting many new plant disease epidemics.

Diagnosis of plant discascs

A simple diagnosis requires only symptom recognition and a test to
confirm the identity. This is for already known discase and requires the
skill and expertise of an expert. The presence of databases and the
information retrieval system using bioinformatics tools for data mining
makes it possiblc to confimm the identity of previously recorded pathogen
any where on the globe. Whereas, to diagnose a hitherto unknown disease
needs lot of time and expertise in the conventional diagnosis. There is a
need to visit the infected field, record the symptoms, isolate the pathogens
and prove the Koch's postulates. The modern tools also enable identification
of hitherto unrecordcd species by use of information technology. The general
tenet of plant discase management is to avoid the disease. The other methods
of resisting and living with the disease come later. Disease diagnosis helps
to prevent the disease entry and helps in quarantine regulations {Refer Page
164 for a chapter on quarantine regulations)

Identification of diseases based on symptoms is easy but such of the
plants without symptoms could not be identified. Isolation of pathogens on
to culture media is long and cumnbersome and not all pathogens are cultivable.
There are various methods available for detection of plant pathogens.
Serology based detection and diagnosis of plant viruses has been done since
1960s. Whercas, it has not been very successfully used against other
pathogens such as fungi, bacteria and nematodes. Serology based detection
of pathogens such as Phvtophthora has been developed but has not been
used extensively. The advancements made in molecular biology has now
£iven us an opportunity to analyze the DNA sequences especially of the
Internal transcribed spacer ([TS) regions of ribosomal genes, Species specific
Probes to detect pathogens are being developed that has great potential in
detection and diagnostics.
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Serclogical methods

Several serological methods have been developed for detection of
plant pathogens. The widely used methods are as follows. The enzyme linked
immunosorbent assay (ELISA) is most frequently uscd for several pathogens;
Immuno-fluorescence (IF), colony staining and several variants. Antisera
for over 800 pathogens are available for the American Type Culture
Collections in the US. Both polyclonal and monoclonal antibodies are
reported for detection of several diseases and arc available commercially.
There are also a number of protocols such as immnuno diffusion assay,
Western blots, dot biots immunosorbent assays, immunostrip assay and
serologically spectfic clectron microscopy (SSEM). (Refer Page 79 and
147 for more dctails)

PCR based methods

PCR based methods are available for several groups of plant
pathogens such as bacteria, fungi and viruses. Both classical and real time
fluorescent based PCR (RTPCR) are available. In Real Time PCR, the
principle of fluorescent resonance energy transfer is applied, and the
amplified products are detected and are also known as molecular beacons.
The principle involves hybridization of fluorescently labeled oligonucleotide
probe to a specific region on the target amplicon that is amplified using
traditional forward and reverse primers. In Tagman™ system an
oligonucleotide probe of 25-30 nucleotides labeled at 5° with fluorochrome
such as 6-carboxyfluerocein (6-FAM) and a quencher flucrochrome 6-
carboxytetramethyl rhodomine (TAMRA) at 3’ end. The two probes are
designed in such a way that they hybridize the PCR product they are aligned
head to tail to bring the two fluorescent dyes together. The fluorescent dye
attached to the first probe is excited by the light source of the appropriate
wavelength and emits green fluorescent light at slightiy longer wave length.
When the second probe is in close proximity, the energy emitted by the first
probe excites the light cycler red 640 attached to the second probe and the
light emitted could be detected at 640nm. The Tagman ™ probe is degraded
by 57 to 3" exonuclease activity of the Taq polymerase as it extends the
primer during each PCR amplification cycle and the flurochrome is relcased.
The amount of fluorescence is monitored and it is proportional to the quanfity
of PCR product.

Genetie approaches include PCR based methods. Multiplex PCR,
Cooperative PCR (CoPCR), nucleic acid scquence bascd ampliﬁcation
(NASBA) have also been used. Other PCR methods like rep-PCR, ERIC
and BOX PCR are also being used to study the variations in populations of
several plant pathogens such as Ralstonia solanacearum, Xanthomonas an
Erwinia. An integrated approach inveolving enrichment assays$
immunomagnetic separation followed by culturing, fluorescent in st
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hybridization (FISH) and probes specific for -RNA and RFLP involving
168 — 23 § r DNA are also being used extensively.

Nematodes have been identified using conventional morphelogical
characters involving adults of both the sexes. Recent advances shows that
PCR based probes targeting r-RNA genes of 185, 5.85 and 28S and
mitochondrial genome of cytochrome oxidasc (CO1) could be used
effectively not only for identification but alse for population studies.

Conelusion

The availability of diagnostic tests ensures applications in the
detection of plant pathogens in the planting matcrials and aids in the adoption
of disease managenicnt strategies. Quarantine pests could be identificd and
precautions taken to prevent its introduction to new areas. The bioinformatics
tools available could be used along with PRA diagnostic tools to prevent
plant diseases and to evolve viablc strategies to prevent crop losses. There
is an urgent need to interlink various organizations involved in disease
surveillance, pathogen detection and diagnosis, plant quarantine and other
agricultural developmental agencies in order to act in unison in case of an
exigency of threat to crop plants by pathogens introduced accidentally or
intentionally so that India’s food security is ensured.
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Applications of Genomics and Proteomics
in diagnostics

R Manimekalai

Introduction

Detection of pathogenic bacteria and viruses in plant material, vectors
or natural reservoirs is essential to ensure safe and sustainable agriculture.
The available techniques, especially those based on motecular technigues,
have evolved significantly in the last few years to aliow the rapid and reliable
detection of pathogens (Rosie ef al. 2004).

Molecular detection is largely based on PCR or RT-PCR
amplification following purification of nucleic acids from the samples,
with the extraction of the target DNA. Variants of PCR, such as simple or
multiplex nested-PCR in a single closed tube, co-operative-PCR, and real-
time monitoring of amplicons or quantitative PCR, allow high sensitivity
in the detection of one or several pathogens in a single assay. The latest
development is the microarray technology, but it requires generic DNA/
RNA extraction and pre-amplification methods to increase detection
sensitivity. The advances in and proteomics rcpresent a new source of
information for the development of scnsitive and specific detection
techniques for these microorganisms. It aid in multiplexing, i.e., many
pathogens per assay, with faster and highly accurate detection capabilities
{Levesque 2001).

Terminologics and technologics in genomics and protecomics

Genomics is the study of an organism’s entire genome. Genomics appeared
in the 1980s, and accelerated in 1990s with the initiation of genome projects
for scveral species. A major branch of genomics is still concerned with
sequencing the genomes of various organisms, although the knowledge of
full genomes have created the possibility for the field of functional
genomics, mainty concerned with patterns of gene expression during various
conditions. The most important tools here are microarrays.

Proteomics is the study of the full set of proteins in a cell type or tissue,
and the changes during various conditions, is called proteomics. Protcorics
is the large-scale study of protein, particularly their structurcs and functlonS
This tenin was eoined to make an analogy with genomics, and while it {8
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often viewed as thc “next step”, protcomics is much more complicated
than genomies, Most importantly, while the genome is a rather constant
entity, the proteome differs from cell to cell and is constantly changing
through its biochemical interactions with the genome and the environment.
One organism has radically different protein expression in different parts
of its body, in different stages of its lifc cycle and in differcnt environmental
conditions.

The cntirety of proteins in existence in an organism throughout its
life cycle, or on a smaller scale the entirety of protcins found in a particular
cell type under a particular type of stimulation, are referred to as the
proteome of the organism or cell type respectively. Since proteins play a
central role in the life of an organism, proteomics is instrumental in
discovery of biomarkers, such as markers that indicate a particular disease.

Key technologies used in proteomics

1. One- and two-dimensional gel electrophoresis are used to identify
the relative mass of a protein and its isoclectric point.

ii. X-ray crystallography and nuclear magnetic resonance are used to
characterize the three-dimensional structure of peptides and proteins.

iii.  Tandem mass spectrometry combined with reverse phase
chromatography or 2-D electrophoresis 1s used to identify (by de
novo peptide sequencing) and quantify all the levels of proteins found
in cells.

iv.  Mass spectrometry often MALDI-TOF, is used to identify proteins
by peptide mass fingerprinting. This technology is also used in so-
called “MALDI-TOF MS protein profiling” where samples (i.e.
scrumn) are prepared by either protein chips (SELDI-TOF MS},
magnetic beads or with other methods of sample treatment, such as
liquid chromatography, sizc-exclusion and immunoaffinity. Protein
peaks of intercst must be identified by tandem mass spectrometry.
Protein profiling with MALDI-TOF MS could be of high use in
clinical diagnostics.

In post-genomies era large number of single-nucleotide
polymorphisms (SNPs) have been characterized. This allows the DNA
detection to its ultimate limit—the single base pair difference. Likewise,
any plant pathogens differ from their closest relatives by only a few bases
on different genes.

) DNA microarrays, designed to study genc expression or to generate
Single-nucleotide polymorphisms (SNPs) profiles, are now fabricated with
oligonueleotides that are either synthesized directly on a solid surface or
that arc microspotted. Likewise sequence of the oligonucieotides for all
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the plant pathogens can be spotied to make oligonucleotide array. Hence
the detection of all plant pathogens are possible at a multiplex tevel.

The rapid increasc in the availability of completc genome scquences
and large expressed sequence tag datascts for many plant pathogens
propelled the new mcthods and perspectives to bear the studies of the
interactions between plant pathogens and their hosts, The comparison of
the completed genomes of hundreds of bacterial genome specics, revealing
previously intractable cvolutionary relationships between these organisms.
Similariy, comparing gencs present in phylogenetically diverse plant
pathogens allows to identify common pathways or strategies used by these
organisms and offers the prospect of novel generic control strategies. By
the development and use of high-throughput molecular technologies, such
as transposon grids and custom microarrays, the processes taking place in
pathogens and their hosts to get a complete picture of the processes
underfying development of infection 1s possible, which will design strategics
for the detection/control at an early stage of infection.

The researchers at SCRI, UK, completed the genome sequencing of
Erwinia carotovora subsp. atroseptica (Ece; the cause of the most
economically-significant bacterial disease in UK agriculture). Sequecing
whole genoine has been essential in the identification of major components
of virulence, and in comparison with over 250 other sequenced bacterial
genomes, has revealed new insights into the evolution of its ability to cause
discase. Eca is now one of the subjects of a multi-site Systetns Biology
research dedicated to unravelling the processes that take place during
infection.

The genome sequences of several oomycete plant pathogens are stilt
in the process of being completed. With the available sequence of the
pathogen, the common features associatcd with their ability to cause disease,
and unravel evolutionary relationships in the devclopment of this ability
can be identified.

Genomics tools are used for studics of the potato cyst nematodes
Globodera rostochiensis and, particularly, G pallida. Expressed Sequence
Tag (EST) analysis and analysis of BAC librarics for examinging the biology
of the pathogens revcaled the horizontal gene transfer from bacteria bas
played an important role in the evolution of plant parasitism by nematodes.

Applications of molecular methods for the detcetion of plant pathogens
Real time PCR detection of pathogens

Fabre ef ol (2003) reported the gel-free real-time one-step revc_rsc
transeription PCR (RT-PCR) protocol for specific detection and quantitatton
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of Barley yellow dwarf virus-PAV, the most widespread BYDV species in
Western Europe. The assay is based on TagMan technology, detects and
quantifies from 10(2) to 10(8) BYDV-PAV RNA copies. They reported
that the test is 10 and 10{3) \imes more sensitive than the standard RI-PCR
and ELISA assays published previously for BYDV-PAV detection and
significantly improves virus detection in single aphids insect.

Multiplx RT PCR

Menzel ¢f al. (2002) utilized two multiplex RT-PCR assays with
specific coamplification of plant mRNA as an internal control from total
nucleic acids for the parallel detection of Apple chlorotic leaf spot virus,
Applc stem pitting virus, Apple mosaic virus and Apple stem grooving
virus. Four virys specific primer pairs werc used for the RI-PCR. They
could detect a range of different virus isolates from various geographic
origins by these multiplex RT-PCR assays.

Osman ef al. (2006) described an extraction technique for reverse
transcription-PCR (RT-PCR) detection of plant pathogens including viruses,
bacteria and phytoplasma. They extracted the total nucleic acid of these
plant pathogens by direct spotting of crude sap derived from infected leaf,
petiole or cambial tissue onto two different types of membranes, positively
charged Hybond N(+) Nylon and FTA membranes. The discs were directly
placed in the PCR reaction cocktail. Specific amplification of genomic or
ribosomal RN A fragments of these pathogens was obtained by one-step
RT-PCR.

Mass spectrometry (MS) -based proteomics for the detection of plant
pathogens

MS-based proteomics has become a powerful and increasingly
popular approach for identifying the pathogens and to understand their
biology. The MS is based on the identifying the pathogen based on its one
of the proteins. At present push in the proteomics cormmunity to make
data from large-scale proteomics cxperiments pubhicly avaiiabie in the form
of a centralized repository. Such a resource could enable the use of MS as
4 universal plant pathogen detection technology (Neerav ef al. Soybean
Genomics and Improvement Laboratory, USDA-ARS)

. Analysis of this large-scale genomic data would not be possible
without the power of computers, and the genomic research efforts in plant
pathogens are aided by the development of custom databases, and
Visualisation and analysis software.
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Canclusion

Recent advances in genomcis and proteomics are achieving the
multiplexing, spced and portability in pathogen deteeton. The research in
this arca has to be strengthened by sequencing sufficient number of plant
pathogens and clucidating the mechanism of pathogen evolution. It enable
the creation of valuable resources for the comparative genomics of plant
pathogens and microarry technology for the diagnostics.
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Serology and immunodiagnosis of plant pathogens

M Krishna Reddy

The early and accurate diagnosis of plant disease is a crucial
component of any crop management systemn. Plant diseases can be managed
most effectively if control measures are introduced at an early stage of disease
development. The detection of plant pathogenesis is by two ways: Based
on their interaction with plants and methods based on their intrinsic property.

Detection methods based on intrinsic properties often have the
advantages that they can easily be automased for application in large scale
indexing. The most common methods are 1) Immunological assays and 2)
molecular assays. Serological or immunological methods for detection of
plant pathogens, particularly plant viruses have been available to plant
pathologists for many years (Schaad 1979; Torrance & Jones 1981). However
introduction of more advanced immunodiagnostic methods has expanded
the scope of application to the diagnosis of diseases caused by many different
viruses, bacteria, spiroplasma, phytoplasma and fungi (Clark 1981). There
are some important fungal diseases, particularly those that are soil-bome
and which affect the stem base, where diagnosis is difficult and carly
treatment is essential. Development of a quick diagnestic assays for such
diseases would help to reduce both crop losses and unnecessary spraying.
Immunological techniques are rapid, sensitive and spceific, could be used
for the rapid detection of fungal pathogens and diagnoses of the diseases,
which they cause. They would also be helpful for research purposes,
epidemiologieal studies, quantitative measurecments and identification of
non-fruiting mycelia which are common on plants roots.

The basic feature of the most commonly used and most widely
applicable immunoassay are same as described in this chapter. The best
known detection methods based on intrinsic properties are serological
protocols using specifie antibodies directed against antigenic sites on the
coat protein of virus particles. The antibodies can, in general be raised from
vertebrates that are injected with antigens. In most cases rabbits are used
but when in the past large quantities were needed, sheeps, goats and even
horses were used (Matt & Huttinga 1987). Chickens have been injected
with antigens, and antibodies collected from the egg yolks (Bar-Joseph &
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Malkinson 1980). Antibodies react specifically with the hoinologous antigen.
Reaction however is not easy to detect. Therefore many protocols have
been described to visualize the antibody antigen reaction

Antibodics are cxtraordinarily useful molecules. Their highly specific
binding to a wide range of molecules, including peptides, carbehydrates,
and nucleic acids, and their ability to identify specific antigenic determinants
in these molecules makc them extremcly valuable.

fmmunoassays utilizing polyclonal and/or monoclonal antibodies arc
being used cxtensively in plant virus diagnosis and have demonstrated
tremendous utility in providing sensitive and specific analysis. Immuno
assays have been improved and simplificd over the past decade and now
can be performed by persons with minimal training. The availability of
monoclonal antibody technology and rapid, scnsitive immuno assay formats
has opened the door to development of sophisticated “high-tech” detection
diagnostic tools.

Basic concepts of immunology and scrology

Antigen: Foreign protcins ot polysaccharides, which upon injection into an
animal induce the production of antibody.

Antibody: Antibodies are modificd scrum globulins, which are produced in
response to an antigen.

Antiserum: Blood serum containing antibodies is called antiserum.
Immunogenicity: The capacity of an antigen to induce an immune response.

Antigenicity: The property or the capacity to react speeifically with an
antibody.

Antigenic determinants or epitopes: Antigenic protein molecule will have
several structural sites or reactivity residues which are known as epitopes.

Antigenic site: Specific amino acid sequenees which specifically reacts to
immunoglobulins.

Homologous antisernm; antiserum produccd against a particular antigen
(homologous).

Heterologous antiserum: Antiserum that reacts with other related antigens
(heterologous) in addition to the specific antigen.

Antiserum titer. The titer of antiserum is the highest dilution of the antiserum
that reacts with its antigen.

Immunoglobulins (Ig): The purified forms of antibodies are called
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immunoglobulins. All immunoglobulins have a similar basic structure,
consisting of two idcntical light (L) chain and two identical heavy (H) chains,
which are linked together by non-covalent forces and disulfide bonds. Five
classes of immunoglobulins (Ig) can be distinguished on the basis of five
different types of heavy chain. These classes are IgG IgA, IgM, 1gD and
IgE and their respective H chains are called y,o,1,8 and €. The 1gG and
fgM immunoglobulins are the major types present in most sera and are the
only ones that have so far been implieated in serological reactions with
plant viruses.

Polyclonal antibodies (PACs)

Polyclonal antibodies are those obtained from serum of an animal
following injection with an antigen, which contains many antigenic sites.
PACs usually contain most of the immunoglobulin types and a large range
of affinities for the different epitopes.

Advantages

1. Fairly easy and inexpensive to prepare,

2. They can be produced in a short time (3-6months),

3. They are useful in general diagnosis of related viruses or strains,

4. They heterogeneous with respect to antigen binding affinities and suitable
for covalent attachment of enzymes, fluorochromes etc.

Monoclonal antibodies (MAbs)

A single antibody producing B-lymphocyte, immortalized either by
mutation or fusion with a myeloma cell line, will produce antibodies
{(monoclonal) which react to a single epitope.

Production of monoclonal antibodies

1. Immunization of mice or rat

. Culturing of mouse myeloma cell line

. Extraction of spleen of immunized mouse
- Fusion of spleen cells with myeloma cells

- Fused cells (hybridoma) are grown in a selective medium that does
not support the growth of non fused cells.

6. Supernatants of hybridoma cultures are screened for the presence of
Mabs

- Sub cloning of the hybridoma to ensure that the cell lines are
monoclonal

- Production of aseetic fluid for the use in detection.

[ Y R N |
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Advantages of MAbs

1. Requirement for immunization-Mice or rats can be immunized with
small amounts of antigen (100ug or partially purified virus).

2, Standardization and supply-MAbs provide a uniform reagent that can
be distributed to different laboratories and can be produced in unlimited
quantities.

3. Specificity -They combine only with one antigenic site so very specitic
to strains.

4. High affinity-The screeming procedure for detecting MAbs permits

selection of antibodies with very high affinity for the antigen |

5. Storage ~ hybridomas can be stored in liquid nitrogen to provide a'
source of MAb producing cells aver long period.

Disadvantages

1. Preparation-MAbs isolation is labour intensive, time consuming and
relatively expensive.

2. Specificity -MAbs may be too specific for some applications, especially
in diagnosis.

3. Sensitivity to conformational changes-They may be very scusitive to
conformational changes in the antigen, brought about by binding to
the solid phase or by other conditions in the assay.

Recombinant antibodies: Production of recombinant antibodies by tinking
DNA sequences which code for antibody binding regions onto generic
immunoglobulin molecules and transferring the DNA into bacteria has
introduced another set of advantages.

Phage displayed antibedy: The molecular structures of antibodies have
also made it possible to construct smaller antibody fragments, such as the
Fab and single chain Fv{ScFv) which retain the antigen-binding properties
of the IgG from which they were derived.

Fab and ScFv specific DNA scquence can be expressed in functional
form in £.coli, allowing rapid protein engineering to reduce immunogenicity,
increase affinity, or later specificity. ScFv has proven particularly usefut,
since they can be encoded in a single gene and yield a single polypeptide
chain.

The V genes of MAbs can be used to construct recombinant Fab or
ScFv antibody fragments while this approach has yielded many useful
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antibodies for research. But the process is time consuming and inefficient,
only a rclatively small number of antibedies are typically produced agains:
a few dominant immunogenic epitopcs. Use of MAbs to construc
recombinant antibody fragments can be limited by difficulties on amplifying
the heavy (V) and light (V) chain variable regions. Another is problem:
in cloning the V genes or {ow levels of cxpression in bacteria.

Phage display can also be used to make antibodies without prio
immunization by displaying very large and diverse V-genc repertories or
phage and results in the ability to isolate antibodies with any desire:
specificity from a single phage display library.

Types of antigens and preparation of antigens

When plant pathologists become involved in immunology, the goal
generally, is to gencrate an antibody probe, which will specifically identif
a target antigen in an assay. This goal should be facilitated by a
understanding of the basis of immunociogy and preparation of variou
antigens.

Considerations for selecting antigen: The selection of an antigen reprcsent
one of the very first steps in the preparation of antibodics. Antigens ar
critical to the process. At least four factors determine the effectiveness of
particular component’s antigenic characteristics. These are molecular siz
and structural rclationships, foreignness, structural stability, an
degradability. In addition, the nature of immune cell-cell inferaction is
fundamental consideration for immunogenic activity.

Plunt viruses: Plant viruses code for several proteins. Of these, the viric
capsid and inctusion body proteins accumulate in the highest concentratios
in infected plants. The virion capsid proteins and whole virus are mo
frequently used as antigens. Inclusion body proteins have more potenti
for use as antigens than has some times been realized.

The main points in purification of these antigens are selection
source tissue, assays to motitor concentration and purity, procedurcs {
purifying the virions or inclusion bodies, and when applicable, procedur
for purifying the protein subunits of virior or inclusion bodies (Hicbert
al. 1984),

Cloning the gene and inserting it into an expression vector to produ
the protein in E. coli or other suitable systermn have obtained other prote
antigens encoded by the virus. Alternatively, a synthetic pepti




| Plant Pathogens and Their Biocontrof
| Agents Diagnostics and Characterizotion

corresponding to portion of the virus protein whose structure has been
deduced from the nucieic acid sequence may be used as the antigen (Qoshika
et al. 1984). Availability of cloned cDNAs of plant virus genomes in principle
allows production of any viral encoded proteins in expression vectors by
standard methods of molecular biology {Sambrook et o/, 1999). This
approach has been used to produce antibodies to RNA replicase of brome
mosaic virus. Another application involved production of antibody to a
chimeric fusion protein of CMV protein 3A (Mac Kenzic & Tremaine, 1988).

Bacteria: Bacterial antigens may be extra cellular, intracellular, or
structural and their biochemical nature may be protein, glycoprotein,
polysaccharide, lipopolysaccharide or lipid. The usefulness of an antigen
for serological detection depends on its properties and the serological test
being used. For example, structural or somatic antigens normally work best
for immunofluorescence and direct agglutination tests; soluble antigens are
better in precipitin tests, ELISA and Immunodiffusion. Important properties
of the antigen are: immunogenecity, location in the bacterium, copy number,
solubility and stability.

Fungt: Probably the most significant reason for the lack of progress
in development of fungal immunodiagnostics has been the difficulty of
raising antisera that are species-specific. The common antigens used for
antisera production are fungal spores, hyphal fragments, solubilized cxtracts
of concentrate of culture filtrates and toxins. For specific, MAbs have been
raised for laboratory based detection purposes, with specificity at the species
level studies with Pythium and Phytophthora spp. indicate that it is easier
to raise species specific MAbs to zoospore membrane than to cell walls.

Serological tests based on undefined antigens can be useful for
diagnosis and dctection work. However, purified antigens permit
optimization of serological tests, accurate determination of specificity and
precise delineation of strain relationships. The choice of test antigen dcpends
on the objective of the test and the type of test being used. For identification
of isolates and comparison of strains, pure cultures of bactcria are desirable.
Concentration of antigen preparation should alse be standardized. For
serplogical diagnosis of bacteria] plant diseases and detection of plant
pathogenic bacteria in plant or soil samples, crude preparations can often
be used directly without purification of antigen.

170 —




Serology and immunodiagnosis I
af plant pathogens i

Production of antisera

Plant pathologists today can choose between polyclonal or
monoclonal antibodies for serodiagnostic studics of plant pathogens. The
choice of whether monoclonal or polyclonal antibodics are used must be

based upon the type and purpose of assays.

Choice of animals: Any hemothermic animal can serve as a source of
immune serm rabbits, chickens, guinea pigs, rats and mice are commonly
used for production of immune serum Rats, Micc and guinea pigs yield
relatively small volume of serum. Chickens have high body temperature;
serum requires high osmolanty for antigen-antibody reactions, which are
detrimental to the integrity of some antigens. Larger volume of serum may
be obtained from larger animals such as sheep, goats and horses but more
antigens are required for immunization. Rabbits are used most often to
produce immune serum because they can be housed and cared for with
little effort.

Immunization: The amount of immunogen required depends on the
characteristics of the antigen, the means by which it is prepared and the
method used for injection. Longer immunization schedules requiring more
antigens normally result in a greater variety and quantity of antibody than
shorter schedules, but may produce antibody of lower specificity. A
combination of injection methods is used to present immunogen to the
antibody producing sites in the animals. Both intramuscularly and
infravenous injections are usually combined in a series lasting 3-4 weeks.
Intravenous injections result in the most rapid distribution of antigen to
Many sites, but antigen may be degraded quickly in the blood stream by the
body defense systems. Therefore, more than 6-8 injections may be required
t0 obtain serum of useable antibody concentrations. Procedures for

'MMunizing rabbits with various plant pathogens are given in Table 1.
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Table-1. Procedures for immunizing rabbits with plant pathogens.

Route number

Irnmunogen Amount (m g_fﬂl)_-__'
Viruses:
Intact Virus particle
. 1-1V, 4- [m* 46.2my
Broad Bean wilt 1M 3.6my
Blueberry shoestring 8-IP 2.0mg
Kalanchoe latent 4-IM 1.3mg
Lettyce infectious yellows 1M 11V 4.0mg
Maize dwarf mosaic _ L1 21V 3.0mg
Red Clover necrotic mosaic 1M, 21V 10.0mg
Swee? clover necrotic mosaic M 8.0mg
Turnip mosaic
Capsid Proteins
. 3-1M 0.6mg
Alfglfa mosaic 30 0.3mg
Maize stripe 25 4.0mg
Papaya ringspot
Non Capsid proteins
. . 2-IM, 1-ID, 1-3C 0.6mg
Barley stripe mosaic ) 41L 40mg
Maize siripe- nucleoprotein 31 1.0mg
Maiae siripe, rice hoja blanca 3(IM-TP) 3.0mg
Papaya ringspot, pepper mottle- amorphous inclusion 3(1:“_“,) 3.0mg
Papaya nngspot, watermelon-1- cylindrical inclusion 4-Sb 4.Gmg
Sonchus yellow net-puleocapsid gene 3.1M 2.0mg
Tobacco vein mottling - components 6-1M 3.1mg
Wheat streak mosaic- cylindrical inclusion
Bacieria
Bacterial Cells
Cornebacterium sepedonicm 4-IM, 2-1V 3.0ml
C. sepedomeum 1-3C, 3-1IV 4.5ml
Erwiniq carotovora pv.airoseptica 3-1M, 21V 3.5ml
Xanthomonas campestris pv. phaseoli &1V 3.0ml
X. campestris pv. Campesiris 4-IM 5.0m1
X campestris pv. Holcicola 3-108C 3.5-5.0ml
Bacterial components
X. ¢, pv. Campestris
TCA extract 41p 7.5mg
Ribosomal extract 4 [P 12.0mg
Membrane protein 3P [.2mg
PAGE.-derived palypeptides 3P 0.7mg
Clavibacterer niichiganese pv. insidiosum extra cellular | [af, 2-1p 141-370 pg
polysaccharide
Erwinia chrysanthemi
Mentbrane protein M, 1P [.7Tmg
Ritizobiten and Agrobacierium 4-IM [Z0mg
Ribasamal subunits
Fungi
Ceratocystis wlmi, toxin 3P 1.6mg
Epichiloe tuphini, mycelium 38C 3.0ml
Eutvpa armeniace, cell wall 58C 12.0mg
Gaewnannomyces gramtinis §. sp. iritic 11D, 31M 2img
Ophiostoma ulny, toxin (Creatocystis) 21 4.0mg
Phaeolns schweinitzii, mycelium 1M 1.0mg
Phomopsis longicola 45C 132.0mg
*IM= Tntramuscular, IV = Intravenous, 1P = Intraperiionial, 1D = Intradermal
SC = Subcutaneous, TP = Toe Pad, LN = Lymph Node
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For intramuscular injection, the antigen preparation should be
emulsified with an adjuvant (1:1). The most commonly used adjuvant is
freunds (incomplete) adjuvant which consists of paraffin oil and an
emulsifier, mannida monooleate, complete adjuvant, in addition to these
two comporents, contain heat killed Mycobacterium tuberculosis, or M.
butyricun or a similar acid-fast bacterium. Emulsification with adjuvants
results in very slow release of antigen, thereby stimulating excellent immune
response. Antigen concentration required may vary from 500ug per ml.
Nevertheless, for highly immunogenic viruses such as luteoviruses, even
100ig per ml will be adequate.

Blood collection and serum preparation: Blood is collected from rabbits
by making an incision in the marginal vein of the ear. [t is preferabie to
collect the blood in sterile containers. The blood is allowed to clot at room
temperature for 2 to 3 hours. After overnight refrigeration, the serum is
collected with a Pasteur pipette and then centrifuged at 5000 rpm for 10
minutes.

Purification of immunoglobulins and antibody fragments: In some assays
such as ELISA and Immunoelectron microscopy it is necessary to use
purified immunoglobulins instead of whole antiserum. Some commonly
used methods for purifying immunoglobulins are as follows:

1. Ammonium sulfate precipitation: Ammonium sulfate precipitation
is the most commonly used procedure for preparing a crude
immunoglobulin fraction from whole antiserum. By adjusting the
salt concentration to 1/3 or % gaturation, the globulins are precipitated,
whereas the albumin and many other serum proteins will remain in
solution.

2. Rivanol precipitation: Rivanol (2-—ethoxy-6, 9-diaminoacridine
lactate) is the soluble salt of an acrisine base that is used for
precipitating albumin and other serum proteins, while leaving the
IgG in solution.

3. Caprylic acid precipitation: Under acidic conditions, the addition of .
caprylic acid to serum or ascetic fluid will preeipitate most proteins,
with the exception of the [gG molecules.

4. DEAE cellulose chromatography: After ammonium sulphate
precipitation, antibodies are further purified by using the anion
exchanger diethylaminoethyl (DEAE) cellulose. If the pH is kept at
6.5 only contaminants will bind to the DEAE cellulose. The separation
of immunoglobulins can be effeeted by a batch procedure or on a
column.
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5. Protein A chromatography: Since protein A from the cell wall of
Staphylococcus aureus has a strong affinity for antibodies, this
property has been used for purifying immunoglobulins.

Storage of antisera: For long-tenn storage of antisera at 4°, it is essentia}
to add either glycerol (1:1) or sodium azidc to a concentration of 0.02%. I
lyophilized form, antisera can be stored at -20°% indefinitely. Antisera can
be stored at —70°c for many years without losing potency. Antiserum mixed
with an equal volume of glycerol can also be stored at —20oc. It also advisable
to store serum in small aliquots of 1.0 m} or less. Antisera should not be
frozen and thawed repeatedly. This leads to aggregation of antibodies thereby
affecting antibody activity by steric interference of the antigen combining
site or by generating insoluble material which may sediment during
centrifugation

Labeling of immunoglobulins

Enzyme conjugates: The most commonly used enzymes are 1). Alkaline
Phosphatase followed by 2). Horseradish Peroxidase. The presence of
peroxidase and oxidizing substances in many plant extracts makes this
enzyme less suitable in plant virology. The other enzymes, which are used,
are 4). Penicillinase and a limited extent 4). Urease

Biotin conjugates: Since Biotin can be covalently linked to antibody without
affecting its antigen binding capacity. Biotins labeled antibodies are superior
reagents compared to enzyme labeled angibodies. The use of biotinylated
viral antibodies increases the sensitivity of ELISA and over comes the narrw
serotype specificity of DAS ELISA. Biotin, Avidin, Streptavidin are
commonly used for labeling.

Eurepium confugates: Antibody —Europium conjugates are used in time
resolved fluoroimmuno assay to overcome the non-specific fluorescence
originating from the sample.

Gold-labeled immunoglobulins: Gold labeled anti-virus monOC.l(_)ﬂal
antibodies are used to localize by electron microscopy, for the exact positions
of antigenic sites on virus particles

Types of immuno assays

The tests are based on the reaction between antiserum, a blood serurm
containing specific antibodies produced by injecting lab animals with a
pure virus and an antigen-virus protein. The tests are specific since an
antibody combines only with the antigen, which contains similar gr oupings
of amino acid sequences. The main advantages of testing over pioassays
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are that they provide rapid, accurate results, are less labour intensive and
require few plant-growth facilities. The tests used for seced bome viruses
can be grouped into different types: Flocculation tests in liquid media,
immunodiffusion, labeled antibody techniques and immuno-electron
microscopy (IEM).

Flocculation in liguid media: The combinations between antigen and
specific antibody protein can be demonstrated in a variety of ways. One of
+he most direct methods is to observe the formation of a visible specific
precipitate between the antigen and the antibody. Depending upon the size
of interacting molecules two types of tests are recognized:

Precipitation is used to describe the insolubulization of macromolccules
and virus particles; Agglutination refers to the clumping of cells or of
particles of similar size.

Precipitin fests: In this tests the antigen is simply mixed with the antiserum
at different dilutions and can be used to detect the viruses based on the
formation of insoluble complex. The precipitin tests arc: tube precipitin
tests, micro precipitin test, ring interface test or precipitin ring test:

Agglutination tests: In these methods, materials such as bentonite,
chloroplasts, RBC of sheep, gelatin, protein A or synthetic polystyrenc latex
are used as reaction sites. After the reaction takes place, the carricr particles
exhibit agglutination or clumping. These tests are cspecially suitable for
elongate virus particles, which do not diffuse through a gel medium. The
agglutination tests include slide/chloroplast agglutination, latex
agelutination, hemagglutination tests, passive hemagglutination tests and
bentonite flocculation test:

Immune diffusion in gels: Immuno diffusion tests are performed in
semisolid media (gel). The reactants arc allowed to diffuse and precipitin
bands are formed wherever the reactants meet of suitable concentrations.
T.hese tests separate mixturcs of antigen and antibodiecs by their size,
diffusion coefficients and eoncentrations. These tests are more reliable and
sPeciﬁc than the precipitin tests. Different types of immunodiffusions are
fmgle diffusion, double diffusion, radial diffusion, immuno electrophoresis,
mmino-osmophoresis and rocket immuno electrophoresis

Ld»,ekd antibody technigues: Antibodies can be labeled to make virus-
lizttﬁmdy aggregates rcadily observable, to obtain increased sensitivity or
labe;. Antibodies labeled with fluorescent d){eS, rac.iioisofopes and enzyme
accUS have been used to detect sced borne viruses in individual s.aeeds with

facy and specificity. The various labeled antibody techniques are:

Tr—,— 175




| Plant Pathogens and Their Biocongry
i Agents Diagnostics and Cﬁaracfere’;_-g;jan

immuno fluorcscent assays {IFA), radio immuno assays (RIA), cnzyme
immuno assays (EIA) and immuno binding assays (IBA).

Immune fluorescent assays (IFA): Immuno fluorescent assays arc Widely
used techniques for studying virus location and distribution within the tissueg
of host plants. They have now bcing employed for detecting and locating
viruses in seed. These techniques are specific and provide detection by
observing antigen-antibody reaction by chemically linking a fluorescent
dye such as flourscein iso-thiocyanate (FITC) or Rhodamnin B to specifie
antibodies. When the reaction is observed under fluorescent microscope,
virus infection will show the fluorescence. This method has been applied
for the detcetion of SqMV in embryos, cotyledons and seedlings of melons,

Radio immuno assays (R14): Antibodies labeled with radioisotopes have
been employed in detection of seed borne viruses. These techniques are
very sensitive and are well suited to quantitative studies, but their application
requires strict safety precautions and highly trained personncl, the conjugatcs
have a short shelf life and expensive equipment is required to assist results,

Solid phase radio immuno assay (SPRIA): In this assay, the antibodies were
used to coat polystyrene beads which were then submerged and incubated
in crude seed extracts, If antigen was present, it will bind to the coating
antibodics and could subsequently be dctected by adding radioactive
antibodies. The amount of radioactivity bound was directly proportional to
the amount of virus present.

Radio immunosorbent assay (RISA): A simple and highly sensitive method
has been described by Ghabnal and Shepherd (1980). It is a micro plate
method based on the principle of DAS-ELISA and follows protecol of ELISA
with the exeeption that radio labeled antibody is substituted for the globulin
enzyme conjugate. The test was critical for reliable detection of a single
LMYV infected lettuce seed in a group of 1000 seeds. This technique was
also used for SgMV detection in cantaloupe seeds.

Enzyme Immunoassays
ELISA

Immuno binding assays (IBA): Blotting techniques have become widely
uscd for the specific identification of proteins or viruses. Thesc techniques
have been simplified for routine detection of proteins/viruses by eliminating
the electrophoresis fraction and transfer; the sample is directly applied to
nitrocellulose meinbrane or filter paper as a spot, followed by detegtion
through immunoprobe. The various IBA techniques are: Disperse dye
immuno assay (DDIA), dot iminuno binding assay (DIBA) and filter paper
scro-assay (FIPASA).
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Disperse dye immuno assay (DDIA): Disperse dye immuno assay differs
from ELISA in the replacement of the enzyme by dye-sol particles and usc
of organic solvent instead of substrate incubation. The organic solvent
dissolves the dye molecules from the dye -sol eonjugate. DDIA has been
uscd for detection of LMV in lettuce sced and PEBV in pea seed.

Dot immuno binding assay (DIBA): DIBA is another enzyme amplified
serological detection system, which is widely used for virus detection. In
this method, virus is directly bound to the nitroceffulose membrane and is
detected with virus-specific antibodies that are in turn detected with virus
specific antibody enzyme conjugates. The enzymc substrates used in DIBA
form a spot of insoluble coloured product on the nitrocellulose membrane

The use of nitroccllulose as the solid support for ELISA with a
precipitating substrate found to be 2-4 times more sensitive than ELISA in
micro titer plates. The virus is directly bound to the membranc and is detected
with virus specific antibodies that are in turn detected with anti-specics
antibody enzyme conjugates. The enzyme substrates used in DIBA form a
spot of insoluble coloured product on the nitrocellujose membrane.

DIBA is the simplest, no special equipment required and gives clear-
cut positive or negative reaction and well suited to poorly equipped
laboratories. DIBA has been applied successfully for the detection of BCMV
in bean seed (Ligat & Randles, 1993). Ligat et af. (1991) devcloped DIBA
for PSbMV detection with a detection limit of about 32ng per lul sample.

Filter paper sero-assay (FIPASA): Plant viral antigens arc readily detected
on filter or chromatography paper with a simple procedure adapted from a
irethod develaped for servlogical cotmparisons of insaluble proteins disks,
the paper air-dried, then incubated with antiserum. After washing to removc
excess antibody, the paper is incubated with protein A-peroxidase, washed,
and incubated with 4-chloro-1-napthol substrate. Upon development, violet
blue spots centered on the point of original application of presumed antigen,
identify those antibody specific reactions. This technique can be uscd tc
detect viral antigen in plant sap, seed embryos and preparation of varying
degrees of purity. The method is inexpensive and rapid requiring as littlc as
2 hrs. The method has been applied for detcction of barley stripe mosaic
virus in barley embryos and SbMV.

Immuno electron microscopy (IEM): The visualization of iinmunologica
reactions on electron microscope grids is one of the most sensitive serologica
techniques. Two different approaches can be distinguished, depending or
whether the viral antigen is in suspension or is visualized in thin scctions 0
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infected tissue. There are threc general methods viz. clumping, antibody
coating or decoration and trapping or ISEM, which are used for viryg
deteetion in sced.

Clumping of virus particles or Antiserum-virus mixtures: Formation of
virus- antibody complexes, when a virus preparation is mixed with a suitable
dilution of specific antiserum, can be visualized in the electron microseope
by the appearance of clumps of varying sizes.

Decoration of antibody coating: The mcthod involves confirming the
identity of virus particles by coating with antibodies after preparation of
specimen grids. The prepared grids are floated on drops of suitably diluted
antiscrum. Antibodies stick to the surface of the virus particle and, after
negative staining, can be seen coating them.

Immunosorbent efectron microscopy (ISEM) or trapping: The trapping
of plant viruses to clectron microscope grids coated with specific antiserum
was first described by Derrtk (1973), which was later renamed as ISEM
(Roberts et al. 1982). In this procedure, support films are precoated with
specific antibody to which homologous virus particles in the extract become
attached and concentrated. Such successive fixing of antibody and antigen
allows interpolation of washing stages to remove salts or other updesirable
components.

IEM is a rapid, reliable and sensitive method for testing of secd for
virus infections. The crude antiserum can be used directly without
fractionation. Even antiscrum with relatively low titers can be used
successfully and the presence of a certain level of nonspecific antibodies
may not mterfere with the result.
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PCR based detection of plant viruses

A ishwara Bhat

A virus is a nucleoprotein that is too small to be seen with a light
microscope, multiplies only in living cells and has the ability to cause discase.
viruses do not divide or do not produce any kind of specialized reproductive
structures such as spores, but they multiply by inducing host cells to form
more virus particles. About 1000 different viruses are known to infect various
plant species, Viruses are either elongate, spherical or bacilliform in shape
and consist of nucleic acid (either RNA or DNA) and a protein, and a few
of them contain additional chemical compounds such as polyamines, lipids
or enzymes. Viruscs are transmitted from plant to plant in a number of ways
such as vegetative propagation, mechanically through sap, and by sced,
pollen, insects, mites, nematodes, dodder and fungi.

Plant viruses differ greatly from all other plant pathogens in size,
shape, composition, physical structure, methods of infection, multiplication,
translocation within the host, dissemination and symptoms they produce on
the host.

Need for diagnostics for virus detection

Correct diagnosis is a pre-requisite for effective management of any
disease. The causal organism involved in fungal and bacterial diseases can
be easily identified with a light microscope. But this is not the case with
virus as they cannot be seen under light microscope. Besides, in most cascs
Symptoms caused by viruscs resemble those caused by mutations, nutrient
deficiencies or toxicities. As viruses are obligate parasites and always
Systemic in nature, once infected virus particles will be present throughout
the plang system. Unlike fungi and bacteria, a plant infected with a virus
€an not be cured because of lack any cffective viricide. Henee planting of
virus-free healthy material is very important especially in cases when virus
gets transmitted from one generation to another through the use of infected
Vegetative propagating material or sced. In order to check the virus-free
Dature of the planting material, use of quick, sensitive and reliable diagnostic
Methods are cssential,
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Diagnostic methods

The methods for detecting plant viruses involve primarily the
transmission of the virus from diseased to healthy plant by grafting, or by
rubbing with plant sap or transmission through dodder or insect vectors,
However, the most definitive proof of the presence of virus in a plant jg
provided by its purification, electron microscopy, serology, nucleic acid
hybrdization and polymerase chain rcaction. Choice of planting matcria]
to be sampled is very important for successful detection and diagnosis,
Sensitivity (how small an amount of virus can be detected), accuracy,
reproducibility, number of samples that can be processed in a given time,
adaptability to field conditions, cost and degree of operator training required
are some of the factors one need to consider while selecting a method for
detection. Among thc methods, PCR based methods are the most sensitive,

Polymerase chain reaction (PCR)

Polymerase chain reaction (PCR) is the most sensitive method (10%-
10° times more than ELISA) available presently for the detection. It is
important when viruses occur at low concentration. It also has the potential
to detect more than one virus in one reaction and diagnesis is amenable to
automation. PCR technique involves the specific amplification of the target
DNA fraginent enzymatically under ir vitro conditions, The method involves
the hybridization of synthetic complementary oligonuclcotide primers to
the target sequence and synthesis of multiple copics of cDNA of the sequence
between primers using heat stable DNA polymerase. Each amplification
cycle consists of melting the double stranded template DNA at high
temperature, annealing (hybridization) of the primers with coinplementary
sequences in the template DNA at low teinperature, extension of the primers
with DXA polymerase (IDNA synthesis). During each cycle, the scquence
between the primers is doubled. A normal PCR involves 30-50 such
amplification cycles.

PCR for detection of

Plant viruses containing single or double stranded DNA as their
genomes in the genera such as Badnavirus, Begomovirus, Caulimovirus,
Curtovirus, Mastrivirus, Nanoviruses, can be used as template for amplifying
either full or partial genomes of these viruses. As sequences of many species
of viruses infecting different crops of above virus gencra are alrcady
available, primers can be designed to any region of genome for their
amplification through PCR. The important steps in the PCR for piant viruses
containing either single- or double stranded DNA as their genomes inctude:
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Q) extraction of total DNA from virus-infcctcd plant or from purified virus
preparations; (ii) synthesis of two virus specific primers; (iii) set up the
PCR reaction in a vial by adding extracted nuclcic actd, primers, nucleotides,
magnesium chloride and Tag polymerase. Use nucleic acid extracted from
aknown infected and healthy plants to serve as positive and negative controls
respectively; (iii) keep the vials in the PCR machine and start the run as per
the pre-decided program and (iv) identify positive reactions by running
contents of PCR on the agarosc gel. The presence of bands at the expected
position indicate that sample under test is positivc,

Reverse transcription polymerase chain reaction (RT-PCR) for detection
of RNA viruses

RT-PCR is a method to amplify complementary DNA (cDNA) copies
of RNA. In this, the first step is the enzymatic conversion of RNA to a
single stranded cDNA templatc. An oligo deoxynucteotide primer is
hybridized to the mRNA and is then extended by an RNA-dcpendent DNA
polymerase (Reverse transcriptase) to crcate cDNA copy that can be
ampiified by PCR. Either RNA isolated from purificd viral preparations or
total RNA isolated from infected plant or dsRNA isolated from infected
plant can be used as template to initiate cDNA synthesis. The primer for
first strand cDNA synthesis can be specifically designed to hybndize to a
particular target gene or it can be an oligo (dT) (for viruses containing Poly
(A) tail at their 3" ends). Amplification of the desired portion of cDNA can
be achieved in PCRs primed by sensc and antisense oligonucleotide primers
corresponding to specific sequences in particular cDNAs, For maximum
specificity, the antisense primer should be located upstream of the
oligonucleotide used to prime cDNA synthesis. Positive and negative
controls should always be included when setting up RT-PCRs.

Immunocapture (IC) PCR or IC-RT-PCR for detection of viruses

In this method, prior to PCR, virus particles are captured, immobilized
and concentrated on a steriie solid surface previously coated with virus
specific antiserum. Procedure has been successfully used for the
amplification of sevcral plant viruses. Thin walled tubes or microtitre plates
are coated with 100 ] of virus specific antiserum and incubated overnight
at4°C. The tubes are then washed and added with extracted plant sap from
Wfected plant and incubated for 3-4 h at room temperaturc. Samples are
moved and tubes are washed before adding the required quantity of water.
To release viral nucleic acid, 2-3 cycles of freezing (-80°C for 10 min) and
thawing (70°C for 5 min) are given. Alternatively, viral nucleic acid can be
released by addition of Tris-HC1 and 1% Triton X-100 and by incubation at




Plant Pathogens arnd Their Riocontrol
| Agents Diagnostics and Characterization

65°C for 10 min with vortexing. This is followed by either PCR or RT-

PCR, Recently, real time quantitative PCR and multiplex PCR is becoming

more popular for detection of viruses. One can choose the best method,

depending on the sensitivity required, number of samples to be tested, types

of sample, reliability of the technique, equipment, cost and expertise

available.
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ITS based species identification of Radopholus similis

Santhosh J Eapen

The burrowing nematode (Radopholus similis), an obligate migratory
endoparasite, is widely prevalent in most of the tropical and sub tropical
regions of the world. Accurate and reliable identification of the pest is
fundamental to many aspects of the nematode management. DNA based
identification methods are very sensitive, being able to detect a single
nematode egg or second stage juvenile.

Principle

For molecular analysis it is useful to study specific genomic regions.
Ome such region is the ribosomal DNA (rDNA) gene family. The rDNA
gene family is a multigene family consisting of many copies of genes
encoding for three ribosomal components 288, 5.8S and 188 (Files & Hirsh
1981). In most eukaryotes, the 5 to 3' organization of the gene family s an
external transeribed spacer (ETS); the 185 gene; an intcrnally transcribed
spacer (ITS1); the 5.8S gene; [TS2; 288 gene; and the intergenic spacer
(IGS). The IGS region is followed by another copy of the gene family.

NTS  ETS ms1 MS2

Wz

185 585 289

Fig. 1. Diagram of the ribosomal DNA gene family. The regions coding for
the 5.88, 18$, and 28S subunits of IRNA are shown by bars; NTS = non-
transcribed spacer, ETS = external transcribed spacer, ITS = internal
ranscribed spacer regions.

Highly conserved regtons in the ribosomal repeat array can be used
Orstudy of relationships across phyla more variable regions can be used at
0wer. tz_’XOnomic levels. The ITS region does not encode for any product,
Permitting it o evolve at a faster rate than the ribosomal coding regions.
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The level of variation in this region makes it suitable for detecting genetic
vatjation among genera, species and within species.

Materials required

Nemaitode culture: Burrowing nematodes, R. similis, were collected from
infected black pepper (Piper nigrum 1..) roots and were cultured on excised
carrot disk. The nematodes were extracted from carrot disks after
multiplication and were used for DNA isolation.

Equipments: Water bath, Microfuge, Electrophoresis unit, Biophotometer,
Thermal cycler, Pipettes, miero centrifuge tubes, sterile tips, micro
homogeniser

Extraction Buffer

¢ 100mM Tris-Cl pH 8

s 100mM EDTA

* 100mM NaCl

» 0.5% SDS

» 200 pg of proteinase K

Buffer saturated phenol, Chloroform:Isoamyl alcohol (24:1),
Isopropanol, 70% alcohol, Sterile ultrapure water, Tag buffer (10X), B.3.A
(10 mg/ml), dNTP mix (2.5mM), Forward primer and reverse primer (10
pm/pl), Tag DNA polymerase (3 w/l), Template DNA, PCR tubes.

Details of protocol
PCR amplification

L. PCR is performed in a 10 pl reaction using the recipe given in Table
1 and temperature profile as given in Table 2.

2, Resolve the product on a 1% Tris Acetate EDTA buffered agarOsJ
gel.
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Table 1. Recipe for amplification r DNA region of R.similis

Reagents Stock Required Required
Concentration Concentration  Volume
Steri)e ultTa pure water 1X X 5.23
Taq buffer with 15mM MgCl 10X 1X 1l
BSA Img/mi Oug 0.4
dNTP mix 2.5 mM 200 pum 0.2 ni
Farward primer 10 pmv/ul 2 pm 0.2 ul
Reverse primer 10 pro/ul 2pm 0.2ul
Tagq DNA po!ymerasc 3 Ul 05U 0.17 i
Template DNA 50ng/ul 100ng 2 4]

Table 2. Temperature profile for amplification of rDNA region of R. similis.

Temperature Time

Initial denaturation 94°C 2 minutes
Followed by 35 cycles of

Denaturation 94°C 30 seconds
Annealing 65°C 1 minute
Extension 12°C 1 minute

And final extension of 72°C 10 minutes

Anticipated result and interpretation of data

The forward primer binds to ITS 1 region and the reverse primer to
5.88 region of ribosomal gene of R. similis. The primer set amplifies partially
ITS 1 and 5.8 S region of ribosomal gene of R. similis. A product of 398 bp
will be obtained when R. similis genomic DNA is amplified using the specific
primers.

Selected references
Files J G & Hirsh D 1981 J Mol Biol. 149: 223-240.

Pastrik K H, Rumbenhorst H J & Burgermeister W 1995 Fund. Appl.
Nematol. 18: 109-114.

e—— 185




25

Applications of bioinformatics in diagnostics

Santhosh J Eapen

Conventional biochemical methods and phenotypic tests for species
differentiation are tedious and time-consuming and may require specialized
testing that is beyond the capacity of many. Recent progress in molecular
biclogy and bioinformatics allows the consideration of other methods that
are more universal and less time-consuming.

Molecular methods such as PCR based methods, restriction pattern
analysis etc. are widely employed today for taxonomic purposes. In silico
approaches are adopted on a routine basis in activities like design of primers,
drawing dendrograms etc. that arc cssential in most molecular methods
{Please see separate chapters on these).

Of late, the advances in DNA sequencing technology have greatly
enhanced the ability to determine the identity of several organisms (Kolbert
ef al. 1999). The availability of sequence data from related genomes has
facilitated comparative genomic analysis, which not only allows the study
of major evolutionary proccsses, but also the determination of protein:
conserved across - or unique to different species. Today, sequencing
techniques are well developed, but the identification tasks require the
chaining of differcnt programs that are sometimes complex to handle, and
hence bioinformatics tools are highly relevant.

a. Sequence databases: For accurate gene sequence identification of
organisms, we are dependent on accurate sequences in databases,
appropriate names associated with those sequences, and an accurai€
sequence for the isolate to be identified. There are several reasons for
errors in unverified databases such as GenBank, which aceept any linked
name and sequence that is sent to them. Therefore, it is suggested 10
develop and use peer-reviewed databases for that would improve the
validity of this method of organism identification. A detailed list'o
molecular biology databases is published every year in the jourmnd! =
Nueleic Acids Research ((Falperin 2006). Some of the customized 10
silico tools and databases pertaining to plant pathogens and hiocontro
agents are listed in Table 1.
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b. Sequence based methods: Thesc are methods wherein a lot of scquence
analyses to be performed by drawing data from databases like GenBank.
Bioinformatics tools automate and speed up different operations for the
treatment of sequences, RIDOM (Ribosomal Differentiation of Medical
Microorganisins) is an evolving electronie resource designed to provide
microorganism differentiation services for medical identification needs
using ribosomal DNA sequence (Harmsen et al. 2002). Resulting from
a similarity search, 2 species or genus name for the specimen in question
will be returned. BIBI (Bicinfonmatics Bacterial Identification) is one
such tool that combines sumilarity search tools in the sequence databascs
and phylogeny display programs (Devulder ef al. 2003). In addition, to
automate the sequence analysis, BIBI integrates different sequence
databases which are specifically adapted to bacterial identification to
eliminate inaccuracies related to the direct use of sequences from
GenBank.

HoSeql (hitp://pbil.univ-lyonl.fr/software/HoSeql/) is a web service
allowing to automatically assigning sequences to homologous gene
families from a sct of databases {Arigon et a/. 2006). Afteridentification
of the most similar gene family to the query sequence, this sequence is
added to the whole alignment and the phylogenetic tree of the famity is
rebuilt. Thus, the phylogenetic position of the query sequence in its gene
family can be easily identificd.

Table 1. List of some databases and tools pertaining to taxonomy and
identification of major plant pathogens and bioeontrol agents.

Bacteria

ICB http://seasquirt, mbio.co. pricb/index.php
MICdL http:##210.212.212 7MIC/index html
BSORF http./fbacillus.genome o

SubtiList

Baciilus cereus MLST database
Pseudomonas Gienome database
PseudoC AP

Bral

BacMup

Comprehensive Microbial Resources
Iniegrated Microbial Genomes

gg;;{)ml Genome Projects af the BUM

http:#/genolist. pasteur. fr/SubtiList/
http://pubmlst,org/beerens/

hitp:/ivd pseudomanas.com/search, jsp

http:/iwww pseudomonas.com/

hitp://pbil.univ-lyenl. i/biby

http:ffwishart. bology.ualberta.ca/BacMap/index . html
http./fcmr.tigr.orgtigr-scripts/CMR/C mrHomePage.cgu
http.//img. jg1.doe. govicp-bin/publiinam.cgi
http://www.hpse bon.tme.edw/prosects/nucrobal/

Yiruses

DEVweh

P.Ianl vitus biodwersity & ecology
NCBI Vi) Genemes
ViDa

VIPERdY

VirGen

Plant ¥ypyges Online
2

htip:/fwww.dpvweb. net/

http://www genome.ou.eduw/pvbe himl
http://www.nebr.olm, nth. gov/genomes/VIRUSES/viruses. html
http:/fwww.bicchem uct.ac.uk/bsmivirus_database/VIDA htm!
hetp:/~viperdb.seripps edu/
hitp.//brownfo.emet.infvirpen/virgen. htmf

htip_/image.fs mdaho.edu/vide/

hitp:r/www. tichunlmnh.govirelroviruses

.-H--___—h“
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Oomycetes

The Phytophthora Genome Consortium
Database

Phvtophthora database

PhyilD

FPhytophthora DB

Phytaphthera Functional Genorics
Database

http://www pfgd.org/pfgd/

htip;//www.phytophthoradb.ory/
http:/fwww phytid.org/list.asp
http://phytophthora. vbi. vt.edw/
http:/fwww, pipd org/

¥YMD http://phytophihora.vbi.vr.edus

OGD - Qomycete Genomics Database http://www.comycete.net/

Fungi

TrichOKEY httpdfwww. isth.nfodteols/malke y/index. php*do=unset
TrichoMARK http:/fwww.isth.info/teols/blasvindex, php

Trichoderma reess EST database
Mycorrhizal database

CADRE- Central Aspergillus Data
Reposttory

COGEME Phylopathogenic Fungl and
Qomycete EST Database

EGDB - Fusarium graminearum
Genome Database

PHI-base

Fungal Plant Pathogen Database
Funpa! Genome Initiative

http/Anichoderma. iq.usp.br/
http:/fwww.sou.edwBIOLOGY /Faculty/Southworh/mycordata, htm
http.fiwww cadre. man.ac.uk/

hitp/icogeme.ex.ac.uk/
http:utips gst.de/genre/proyfusarium/
http:/iwwwd rothamsted. bbsrc.ac uk/phibase/

hitp/Hppd.cbio psu.edn/
hitp:/fwww broad harvard.edu/annotation/fpi/

Nematodes

ParuGene http://www.nematodes.org/NeglectedGenomes/NEMATODA/iIndex. shtinl
NemBase htp://www.nematodes.org/nematodeEST's/nembase. html

Nematode.Net hitp.//www nematode net/index.php

WormBase hitp:/fwww.wormbase org/

PPNEMA - Plant-Parasitic Nematode
TRNAs
NemaTOL

hitp://highost.area ba crr.it/PPNEMA

hitp://mematol.unh.edu’

General

NCBI Taxenomy Browser
Ribosoimal Database Project {RDP-I[)
RIDOM

RISSC

Tree of Life

PathPort, pathogen portal project
PHI-base. Pathagen Host Interaction
Flant Pothogen Genoniics

FPlan: Pathogens (TIGR)

http://www ncbi.nlm.nih.gov/Taxonomy/Aaxonomyhome, htm?!
http:/irdp.cime. msu edu/

http://rdp.cme. msu.edw/

http:/ulises umkb es/ RISSC

http://phylogeny.anzena. edu/tree/phylogeny. html
http://pathport. vbi. vt eduw/mai/homet .php
htp:fiwww.phi-base.org/
htip:/icpgr.tigr.org/project_summary.htm!

http:/iwww. tigr nrg/~vinita/PPwebpaye html

DNA-BAR (http://dna.engr.uconn.edu/~software/DNA-BAR/) is a
software package for selecting DNA probes (or distinguishers) that can
be used in genomic-based identification of microorganisms (Dasgupta
et al. 2005). Given the genomic sequences of the inicroorganisms, DNA-
BAR finds a near-minimum number of distinguishers yielding a distinct
hybridization pattern for each microorganism. Selected distinguishers
satisfy user specified bounds on length, melting temperature and GC
content, as well as redundancy and cross-hybridization constraints.

Single nucleotide polymorphisms (SNPs) are the most abundant form
of genetic variations in closely related species, strains or isolates. Some
SNPs confer selective advantages for microbial pathogens during
infection and many others are powerful genetic markers for distinguishing
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closely related strains or isolates that could not be distinguished otherwise
(Song et al. 2005). SNPsFinder (http://snpsfinder.ani.gov/) is a web-
based application for genome-wide identification of SNPs. It can generate
PCR primers for all predicted SNP regions according to user’s input
parameters to facilitate experimental validation.

The QRFanage database (http//www.cs.bgu.ac. il/~nomsiew/OR Fans)
includes about 32,000 unique ORFs (ORFans) from 84 fully sequenced
microbial genomes (Siew et al. 2004).

¢ Proteomics based methods: Mass spectrometry data are combined with
information from genotme and proteome databases in a new rapid method
for identification and characterization of viruses, spores, vegetative
bacteria and fungi (Demirev et al. 1999). In another approach MALDI-
TOF mass spectrometry has been coupled with Internet-based proteome
database search algorithms accounting for post-translational
modifications in putative protein biomarkers were successfully used for
direct identification of H. pylori, 2 human pathogen (Demirev et al.
2001). Pattern recognition tools in bioinformatics have been applied for
species specific bacteria identification using differentia] mobility
specirometry {Shnayderman et al. 2005). The pattern discovery/
rccognition algorithms (ProteomeQuest) are used to analyze headspace
gas spectra generated by micro-machined differential mobility
spectrometer to reliably discern multiple species of bacteria in vitro.
The Procom (htip://ural. wust).edu/~billy/Procom/) database compares
proteins {rom thirty cotnpletely sequenced eukaryotic genomes and
identifies unique specics- or clade-specific proteins (Li ef al. 2005).
CUPID (Core and Unique Protein Identification) (http://
pir.georgetown.edu/cupid} is another computational tool that provides
sets of proteins unigue to a strain, species, and genus level (Mazumdar
el al. 2005).

Selected references
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Bioinformatics 21 : 3424-3426.

Demirey p A, DemirevY P, Ho V, Ryzhov C, Fenselau Y P 1999 Analytical
Chemistry 71 - 2732-2738.
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IT based specics identification

Santhosh J Eapen

Species identification lics at the hcart of most ccological and
biological studies, but it is recognized as a difficult and often frustrating
task. The routine identification of specimens of previously described specics
has many of the characteristics of other activitics that have becn automated,
and poses a major constraint on studies in many arcas of both pure and
applicd biology. Taxonomists have sought to overcome the difficulties of
species identification by developing a range of tools and technigues that
have increasingly involved the use of computers. Where possible, automation
has been a common responsc of humankind to many activitics that have to
be repeated numerous times (Gaston & Q' Neill 2004). Although automated
speeics identification is a realistic option, there are somc very real technical
obstacles yet to be overcome.

Role of IT

The progress in the development of automated species identification
is extremely encouraging that such an approach has the potential to make a
valuable contribution to reducing the burden of routine identifications. IT
can be applied in diagnostics with varying objectives (Scott 1998).

a. Handling facts to produce information like in the case of nomenclature
databascs

b. Interpreting information to produce knowledge for examplc
taxonomic information systems

c. Using knowledge to support decision making as in diagnostic tools
d.  Using knowledge to tnake predictions as in the case of risk analysis

e. Passing on knowledge in education and training using wcb, e-
publishing etc.

IT tools in diagnostics

_ Botanists started applying computer tools for taxonomy and
\dentification first. An important milestone in the history of identification
by computer was the development of DELTA (The Deseription Language
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for Taxonomy) (http://delta-intkey.com/ or fip://delta-intkey.com/) format
by Dallwitz in 1980. This was later accepted as the international data standard

for identification data.

Different types of identification methods are in vogue but most of
them fall into one of the two broad groups, comparison or step-by-step
elimination (Pankhurst, 1998). The comparison method is used when an
unknown specimen is compared with a voucher specimen or il[ustrations.
The matching method is possibly the most accurate of all methods, since it
makes use of all the available information. Identification mcthods using
probability are also matching methods. The familiar dichotomous key is an
example of elimination method but is error prone. The conventional
identification keys use a tree with characters at the internal nodes and taxon
names at the terminal nodes.

Online diagnostic keys

Thesc are clectronie versions of conventional dichotomous keys. The
leads of the existing key are displayed in turn as characters are typed in.
Other than the convenience they are not preferred as all the disadvantages
of diagnostic keys arc prescrved.

Multi-access keys

These are the most popular type and are interactive and online. Multi-
access keys do not suffer from the unanswerable couplet problem
encountered in dichotomous keys because they allow you to start with any
charaeter you choose and to proeced in any order you choose. Thus, in
using a multi-access key you can avoid characters that arc difficult for you
or not appropriate for your specimen, making a multi-access key superior
to a dichotomous key. Ultimately, a multi-aceess key climinates all taxa
except the one that matches your spectinen. However, if you cannot eliminate
all the taxa, you will be left with a small group of taxa that can be compared
more closely. Since multi-access keys depend on a complete check of all
the taxa in the key’s database cach time a question is answered, they are
ideal for computers, which can easily handle repetitive tasks at high speed.

Hypertext keys

Hypertext keys are multi-access keys wherein the keywords are
hyperlinked to additional information like descriptions, iilustrations of
images. Any multimedia ean be linked like this for improved comparison
and accuracy,

Expcrt systems

An expert system is a program that uses available information,
heuristics, and inference to suggest solutions to problems in a particular
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discipline. They are now extensively used in speeies identifieation. Of the
three main types of expert system available, the frame-based system is the
most appropriate model for a taxenomic expert system rather than a logic—
or rule-based systemn. A rule-based system requircs the original knowledge
(species descriptions) to be structured into rules, whereas a frame-based’
system can store the generic and specific descriptions in a series of frames.
The frames fall into a hierarchy which closely resembles the taxonomic
hierarchy, and down which information can be inherited. Two aspects of
frame-based systems considered are the use of probabitities in identification,
and the optimum structure of the knowledge basc. The conventional use of
probabilities is to provide an indication of the correctness of the result.
However, in somec studies involving the identification of many specimens,
the speed of identification may be incrcased {with a reduction in accuracy)
if identifications are made to a predetermined probability level. Although
frames allew accurate representation of the taxonomic hicrarchy, a semantic
net, incorperating structurcs of the organism and/or details of the habitat
may result in a inore efficient expert system.

Neural networks

A neral network real or virtual device, modeled after the human brain,
in which several interconnected elements process information
simultaneously, adapting and learning from past pattemms. An Internet-
accessible automated identification system that uses neural networks to make
species identifications based on digital images 1s under development at the
American Museum of Natural History. The goal is to create a system that
can identify species without requiring the user to have more than the most
basic knowledge of the organisins to be identified. CAPSI (Computer -
Aided Plant Species Identification) {CAPSI) is an intelligent system

developed recently for identifying plants based on leaf shape matching
technique.

Some togls

Lucid 3 is a matrix key, the process of making identification involves
sclegtmg those states from a list of character states that best describe the
Specimen to be identified.

Availability: Centre for Biological Information Technology, The University
of Queensland, Queensland, AUSTRALIA

‘l':i:;crd Phoenix (Dichotomous) key s_ystcrn 18 a.Iso Java-based and is access¢?d
uSinan EPPIEE player. However, while new thotorr'lous keys can be built
) eg td 15 tool, the main reason for deyclopmg Lucid Phoenix has been to
y li‘;h"antfige of the thousands of dtchotomo-us keys that' already cxist.
ed dichotomous kcys can be converted into interactive, web-based
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or CD-based keys by first scanning the published key, using optical character
recognition {OCR) software to convert it into a text file, and then importing
it into the builder. A single key stroke will then deploy the key in the applet
player, producing a key which is interactive, can be enhanced with
multimedia, and delivercd seamlessly across the Internet.

Availability: Centre for Biological Information Technology, The University
of Queensland, Quecensland, AUSTRALIA

Electronic Field Guide (EFG), developed at the University of Massachusetts,
Boston, is a tool that allows researchers to build their own online keys from
observations, measurements, itmages, and publications.

Availability: http://efg.cs.umb.edu/index. htmt

Linnaeus II is an innovative multifunctional research tool for taxonomists
and biodiversity reseatrchers. It facilitates biodiversity documentation and
species identification.

Availability: Expert centre for Taxonomic Identification (ETT), Amsterdam,
The Netherlands (http://www.eti.uva.nl/products/linnacus.php).

Some of the important I'T resources pertaining to diagnostics are listed
in Tablel.

The ISR initiatives

The Bioinformatics Centre at IISR, Calicut has taken some initiatives
in this direction reeently. Phytfinder (http://www.spices.res.in/piz/
phytfinder.htm) is a multi-access, intcractive, online tool for identification
of Phytophthora species. PhyDisH (hitp://www. spices.res.in/phydish/) is
an oline database of Phytophitfiora diseases of horticultural crops. The offline
database on Piper spp., PiperBase, contains a hypertext key for identification
of Piper species of South India. Work is in progress for developing an expert
system for identification of rhizobactcria.

Conelusion

The Web-based tools allow users with minimal training and technical
knowledge to identify, report, and map species information. Using these
tools anybody can correctly identify species by matching the sample they’ve
collected to the descriptions and photos provided. Internet-accessible
automated identification systems have the potential to facilitate studies of
diverse taxa and to Icad to an explosion of knowledge about our biodiversity.

The fulf potential of taxonomy will be realized when institutions
supporting taxonomic research and biological collections are components
of one comprehensive network. Nodes of the network will be existing
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institutions with biological collections and taxonomic research prograins,
Fach node will have unique strengths and expertise, ¢.g., particular taxa,
geographic data, or specialized instrumentation. The network will be
distributed across the nation, and resourccs at each node (e.g., specimens,
images, literature, molecular data) will be available to researehers, educators,
and policy-makers everywherc via the Intemet.

Table 1. Some IT resources pertaining to taxonomy and identification of
plant pathogens and biocontrol organisms.

~Name of the resource

URL

Bacterial Nomenclature up-to-
date

World Phvtophthara Genetic
Resource Collection Database
KTVvdD

Virology om www

Plant viruses online
Trichoderma

Mycorrihizal database

Fungal databases

Mycology Online

[nteractive Diagnostic Key to
Plant Parasitic, Freeliving and
Predaceous Nematodes
NemaPlEx

http:/fwww.dsmz.de/microorganisms/bacterial_nomenclature.php
http://phytophthora.ucr.edw/databasemain.html

hetp:/fwww.rchi.alm.nih.gow/ICTVdb/ Wintkey/indexQ.htm
http:/fwww.virology net/garryfavw ebplant. html
http://image.fs.uidaho.edw/vide/
http://nt.ars-grin.gov/iaxadescriprions/keys/ Trichodermalndex.cfm
http:ffwww.sou.edwBIOLOGY /Faculty/Southworth/mycordata. him
http://nt.ars-grin.gov/fungaldatabases/Index.cfm

http:ffwww. mycology.adelaide edu.aw/

http:/mematode, unl edwkey/memakey htm

hitp://plprernweb. ucdavis.eduw/nemaplex/index. htm

General

Crop Protection Compendium

Pocket Diagnostic

Plant Diagrostics Database

Diagnosis

Dhagnostic Keys to Major Tree
_Fruit Diseases

htip://www cabi.org/compendia/cpe/index.htm
http://pdiag.csigpov uk/products/
http:/Avww.co.missoula.mt.us/extension/plantdata/index.himl
http:/fwww.diagnosis.co.nz/
http:/fwww.calwwvu.edwkeameysviile/wvutarms. html

Sclected references

Bridge P, Jeffries P, Morse D R & Scott PR (Eds.) 1998 Information
Technology, Plant Pathology and Biodiversity, CAB International,
Wallingford, UK. 478pp.

Gaston K J & O"Neill M A 2004 Automated species identification: why
not? Philosphical Transactions of Royal Society of London B
Biological Sciences. 359 : 655.

195




27

Plant quarantine — means and methods of detection
and exclusion of plant pathogens

N Sathyanarayana & S Latha

The main role of plant quarantine is to prevent the introduction and
spread of exotic / invasive pests and diseases likely to affect the agriculture
and natural environment. In India regulatory measures are in place since
the British Rule. An Act, namely “The Destructive Insects and Pests Act,
1914” (DIP Act) was enacted by the British Government to safeguard the
natural flera from impact of exotic pests. The DIP Act empowers Central
Government to issue notifications to regulate import of plants and plant
materials from time to time. After the establishment of WTO-SP§
Apgreements, globalization of trade has taken place with the removal of
quantity restrictions and trade barriers. A new scientific look has been
brought into the frame work of International Plant Proteetion Convention
(IPPC). To facilitate safe international agricultural trade, many Intemational
Standards for Phytosanitary Measures (ISPMs) have been formulated by
IPPC to globalize harmonization, transparency and scientific basis of piant
quarantine activities. In the last one decade after the establishment of WTO-
SPS Measures, the agricultural trade has witnessed tremendous increase in
the inflow as well out flow of plants and plant materials in India. This has
increased the risk of free flow of plant pests across the globe.

In the past there are several pathogens that had entered into India
and have caused and still causing economically perceptible damage to the
native crops. To site a few, coffee rust (Hemilia vastatrix), coffec berry
borer (Hypothenemus hampei), Coconut eriophid mite (4ceria guerreronis),
flag smut of wheat (Urocystis tritici), downy mildew of grape (Plasmopara
viticola), leaf spot of sorghum {Phyllachora sorghi), powdery mildew of
rubber (Oidium heveae), potato wart (Synchytrium endobioticum), potato
cyst nematodes (Globodera pallida, G rostochiensis), downy mildew of
sunflower (Plasmopara halstedii), bunchy top of banana, peanut stripe virus,
bacterial blight of Anthurium (Xanthomonas dieffenbachiae) and weeds
such as Parthenium hysterohorus, waterthyacinth (Eichhornia crassipes)
Lantana camara and Mexican poppy (Argemone mexicana) got introduced
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and acclimatized with different agro-climatic zones and harming the eco-
system. Stili India with its various agro-climatic zones is fortunate to be
free from major devastating pathogens such as dwarf bunt of wheat (Zilleriq
controversa), coffce berry disease (Colletotrichum coffeanum var. virulens),
powdery rust of coffec (Hemileia coffeicola), Moko disease of banana
(Ralstonia solanacearum Race 2), South American Leaf Blight (SALB) of
rubber (Microcyclus ulei), lethal yellowing of coconut (phytoplasma),
cadang-cadang of coconut (viroid), swollen shoot disease of cocoa (virus),
Fiji disease of sugarcane (virus), soybean downy mildew (Peronospora
manshurica), soybean cyst nematode (Heterodera glycines) etc to name a
few.

To safeguard agricultural, horticulturat and forestry plants from exotic
pests the Government of India notified, “Plant Quarantine (Regulation of
Import into India) Order, 2003” (PQ Order) under section 3 of The
Destructive Insects and Pests Act, 1914. This Plant Quarantine Order is
operative from ¥ January, 2004 and is based on scientific principles of
Pest Risk Analysis. This PQ Order replaces The Plants, Fruits and Seeds
(Regulation of Import into India) Order, 1989. The salient features of the
PQ Order, 2003 are:

<+ Port of entry is notified for consumption and propagation purposes.
The seeds and plants for propagation can be imported only through
Amntsar, Chennai, Kolkata, Mumbai and New Delhi. PQ Order also
specifies seeds and plant materials that are prohibited, restricted and
permitted to import under Sehedule IV, V and VI respectively.

¢ Import of major plantation crops are prohibited from eertain countries
due to incidence of destructive pathogens in Schedule IV.

% Import of major commercial and plantation crops is restricted under
Schedule V and is permitted only with the recommendation,
stpervision, monitoring and testing by the concerned national
research institutes established under [CAR.

% Seeds and plants of vegetables, ornamentals and flowers are regulated
under Schedule VI, wherein import is permitted after conducting
detailed Pest Risk Aralysis {PRA) and specifying various additional
declarations for freedom from pathogens of quarantine concern and
special conditions to meet import quarantine requirements.

“ Import of seeds of coarse cereals, pulses, oil seeds, fodder and seeds
or stock material of fruit plants for propagation is only permitted
based on recommendation of EXIM comumittee of Deparunent of
Agrieulture and Cooperation. However, small quantity for in-house
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or trial purpose is permitted under Schedule XII

< Import of live plants is subject to Post Entry Quarantine (PEQ) for
specified period under confined conditions. The PEQ facilities to be
established by thc importer as per the conditions laid down by Plapy
Protection Adviser to Govt. of India and the same are to be certifieg
by Inspection Authority (IA) listed in Schedule XI. The Inspection
Authority shall conduct inspection at regular interval for occurrence
of any quarantine pathogens and accord release of the materig
accordingly.

“* Lmport of tissuc cultured plant materials 1s encouraged as safe mode
of import with additional declarations for freedom from viruses or
certification that the tissue cultured plants are obtained from mother
stocks tested for freedom from viruses.

< Thirty one Quarantine weed seeds are notified in Schedule-VIII, Al
the seeds/ plants/ plant materials imported into India should be found
frec from these weeds.

Import of seeds/ plants/ plant materials for propagation

The Directorate of Plant Protection, Quarantine and Storage has been
entrusted to implement the regulations issued under DIP Act, 1914 to Plant
Quarantine Stations situated at international airports, land frontiers and
seaports for commercial exchange (import and export) of plants and plant
materials whereas National Bureau of Plant Genetic Resources, New Dethi
is entrusted with the implementation of regulations on exchange of
germplasm materials. The plant materials imported into India for propagation
purpose has to undergo plant quarantine checks at threc differcnt stages,
namely, pre-entry quarantine inspeetion, port of entry inspection and post-
entry quarantine inspection.

Pre-entry quarantine requirements: For consignments of seeds/ plants/
plant materials for propagation, import permit and phytosanitary certificates
are mandatory. The importer has to obtain the import permit before import
and a copy of the import permit has to be sent to the exporter to comply for
freedomn from quarantine pathogens as per additional declarations and special
conditions stipulated in the import permit and the same should be endorsed
in the Phytosanitary Certificate issued at the country of origin. The tissU¢
cultured plants should be free from viruscs and / or the inspection 6f mother
crop for freedom from viruses should be carried out and the same (0 be
specified in the Phytosanitary certificate issued at the country of origit
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Port of entry requirements: The Regional Plant Quarantine Stations at
amritsar, Chennai, Kolkata, Mumbai and New Delhi are adequately
equipped with state-of the art laboratory facilities and with experts in the
ficld of plant protection. All the consignments of seeds/ plants/ bulbs/
thizomes/ budwoods/ cuttings and tissue cultured materials for commercial
purpose shall be inspected by the plant quarantine officials at the port of
entry and shall carry out appropriate tcsting to detect plant pathogens.
Perishable plant materials such as live plants, bulbs, cuttings, saplings,
rhizomes, budwoods, ¢tc., intended for propagation are inspccted randomly
at port of entry and if found free of pests of concern, such materials are
given provisional clearance to grow under confined post-entry quarantine
facilities, already established by the importer. The plant materials when
found infected/ infested with pests of quarantine concern, such materials
shall be either deported back to country of origin or destroyed. In case of
seeds, detailed [aboratory testing will be carried out before relcase. The
release will be accorded when the consignment is found free from live
infection, if found infccted the same shall be trcated before release. In case
of interception of quarantine pathogens, the consignment shall be deported
or destroyed by incineration.

Post-entry guarantine requirements: The live plant materials are perishable
in naturc and are the more important means of carrier of plant pathogens,
they are not accorded immediate release and instead they are permitted to
be grown in a confined post-entry quarantine area wherein the imported
plants are grown in isolation. The importer should establish post-quarantine
facility to grow the imported plants till the stipulatcd period as mentioned
in Schedule-VI. The PEQ facility has to be certified by Inspection Authority
{Head, Department of Plant Pathology, State Agricultural University) and
ﬂle plants has to be grown under the supervision of A, inspected at regular
Interval till final clearance is granted.

Mcthodology

The samples subjected for inspection are true seeds, saplings, rooted
Plants, cuttings, rhizomes, bulbs, suckers, budwoods, unrooted cuttings,
Tts and tissue cultured plants. The plants and seeds at the port of entry are
'spected and subjected to washing test, blotter test, grow-out test, Agar
Plate, ELISA and Electron Microscopy, depending upon the nature of
Pathogen anticipated/ targeted.

Vi ) ' .

m’;ual observation: All the secd samples are first examined visually under

maﬁHOScope for the presence of symptoms such as discolouration,
Omation, encrustation and deformation.
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Microscopic observation: In case of fungal infections, where sporulation /
fruiting bodtes are visible to the naked eycs, direct microscopic observations
are carried out. Eg. downy mildcw of soybean, smuts, rusts, bunts, ete. In
case of bacterial infcctions, a ooze test1s carried out to ascertain the presence
of bacterium in the plant tissne.

Bloster test: The seeds are plated as per ISTA norms a minimum of 400
seeds is plated per variety in seedling germination boxes. After 7 days
incubation at 20°C & 1°C under altemnating cycles of 12 h light and darkness,
the seeds are examined for signs of fungat sporulation/ bactenial symptom
on the cotyledons/ primary leaves. One hundred seeds per variety are surface
sterilized with 1% sodium hypochlorite to suppress the growth of surface
bound contaminants and to observe exclusively for seed-borne or seed-
transmitted fungi. In case of live plants, the infected area is cut into small
pieces, surface sterilized with 1% sodium hypochliorite for 3 min and plated
on moist blotter and incubated at alternative cycles of light and dark at
20°C £ 2°C for 3 to 7 days for fungal sporulation.

Washing test: About 2000 seeds/ 50-100 g of seeds are soaked in sterile
distilled water for an hour in conical flask. A few drops of Tween 20 is
added as wetting agent/ detergent. The conical flasks are gently rotated in
Wrist Action Shaker for 10 minutes. The resulting suspension is eoncentrated
by low speed centrifugation and the pellet is re-suspended in few drops of
50% Glycerol and examined under compound microscope for the detection
of rusts, smuts, bunts, downy mildews, powdery mildews. To detect the
viability of oospores, few drops of (.05 or 0.1% of Phloxine B (aqueous
solution in deionized water) is added to the oospore pellet after centrifugation
and incubated at room temperature for 20min.

Grow-out test: About 100 to 200 seeds are sown 2-3 c¢m deep in sterilized
soil/ coir peat in a green house/ controlled environment chamber. Germinated
seedlings are observed regularly for symptoms of viral / bacterial diseases
upto 21 to 30 days

Agar plate for fungal infections: Water agar: To detect latent infection in
seeds, few sceds are plated on water agar in Petri plats or tubes and
germinated scedlings are examined for appearance of pathogens and disease-
The seeds are surface sterilized by immersion in 1% Sodium hypochlorite
for 5 min. to remove surface contaminants before plating. In case of live
plants, the infected area is cut into small pieces, surface sterilized with i%
sodiurn hypochlorite by immersion for 3 min and washed with sterile distiiled
water by immersion for 3 min and plated on Water agar. After 2 - 3 daysd

incubation, a portion of the fungal mycelial filaments along with agar 18
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rcmoved by stubbing and plated on PDA ‘and incubated under alternate
cycle of light and dark at 25°C for 4 - 5 days.

Agar plate for bacterial infections: The bacteria observed by ooze test, are
isolated by streaking on to agar plates of differential or selective media.
The selected tissue is surface sterilized by immersion in 1% sodium
hypochlorite for 3 minutes and rinsed in sterile distilled water for 3 minutes.
The tissue is then macerated on sterile glass slide in a drop of sterile water,
A loop full of bactenal suspension from the infected plant / seed material is
streaked on to differential/ semi-sclective/ selective media and incubated.

DAC-ELISA test: The suspected seed/ leaf samples are subjceted to DAC-
ELISA by using polyclonal/ monoclonal antibodies (antisera). The ground
seed/ plant extract of suspected viral infected sample is coated in the
wnicrotitre plates, polyclonal/ monoclonal antibodies are added and the
antigen-antibody reaction is visualized by using an enzyme and suitable
substrate to form a coloured product. With the help of an ELISA Plate Reader,
the reaction is read at 405 or 650 nm, then recorded and seored whether it is
positive or negative.

Transmission electron niicroscope: Through simple leaf dip preparation,
the infected tissue is macerated on a clean glass slide by fine chopping with
a sterile blade or slightly macerated with the tip of a glass rod, few drops of
Phosphate bufter is added to the sap. 10ul of sap is placed on a piece of
parafilm and the carbon coated copper grid is placed (floated) on top of the
drop (carbon coated side facing the drop). After few minutes (5 — 10 min)
the grid is washed with sterife distilled water in drop-by-drop tnanner and
then stained with few drops of 2% Uranyl acetate/ Phosphotungstat negative
stain in drop-wise manner. The grid is allowed to air dry for few minutes
before observation under Transmission Electron Microscope. When the virus
concentration is very less, ISEM is also employed to trap the virus particles.
Based on the morphological characters, the viruscs are grouped and
identified.

By earrying out one or combination of different detection techniques
s mentioned above, the pathogens are intercepted and identified. The
Quarantine pests are the major target organisms for which detailed tests are
Carmied out; whenever quaranting pests arc intercepted the same is also sent
to_IARI for confirmation of identification. The conrignments found infected
With non-regulated quarantine pests are treated appropriately before
dccording release. The consignments wherein the quarantine pests are
ercepted the same are deported or destroyed by incineration. On sevcral
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occasions quarantine pests have been intercepted in the past. To cite a few,
Agrobacterium tumefaciens on Rose plants from Netherlands
(Sathyanarayana ef al. 2002), Xanthomonas campestris pv. dieffenbachiae
on Anthurium from Nctherlands (Sathyanarayana, 1998), Erwinia
chrysanthemi on Carnation from Spain and Dendrobium from Thailand &
Singapore, Pseudomonad cichorii on Cichorium seeds from Netherlands,
Pseudomonas syringae pv. maculicola on Cabbage seeds from USA, Poty
virus in Oil Paim scedlings raised in PEQ facility, imported from Costa
Rica (Reddy et al. 1996), Cymbidium mosaic virus and Odontoglossum
mosaie virus on Dendrobium plants from Thailand (Sathyanarayana er al.
2003), Frangipani mosaic tobamo virus on Plumerta from Malaysia,
Embellisia allii on Garlic bulbs imperted from China, (Latha ef al. 2006)
Fusarium oxysporum f.sp. callistephi on Marigold sceds from Mexico,
Claviceps purpurea on Wheat from Turkey & Canada, Coleosporium
domingense on Plumeria from Malaysia, Drechslera maydis on Maize from
Philippines & Thailand, Peronospora farinosa on Beet seeds from USA,
Peronospora manshurica on Soybean seeds from USA, Phytophthora
megasperma on Soybean seeds from USA, and Plasmapara halstedii on
Sunflower from USA, South Africa & Germany,

Plant quarantine acts as a filter than as a barrier in international
agricultural trade. The stringent phytosanitary measures / regulations are in
place to keep the exotic encmies away. Prevention is better than cure and
the same holds good in plant quarantine that prevention is better than control
or management options once the cxotic pathogens enters into India. The
urge to get high yiclding varicties for profit as well as to mect the domestic
need has paved way for bulk import of seeds and plants and this has opened
the gate for emry of exofic pathogens accompanying the propagative
materials into India, to mitigate the need and the accompanying pest problem,
following the plant quarantine regulations are the only way to safeguard
agricultural, hortieultural and forest plants from exotic/ invasive pests. To
implement safe quarantine regulations, the 5 regional stations at Amritsar,
Chennai, Kolkata, Mumbai & New Delhi are strengthened with experts in
the field of plant protection and hi-tech laboratory facilities. When 2
quarantine pest is repeatedly intercepted from particular origin on specific
commodity, import of such consignments from the particular country is
banned. Tissue cultured plants arc considered far safe way of import for
propagation then true seeds or live plants. Vigilant and rapid quaranting
sereening is the only way to safeguard our agricultural, horticultural and
forest plants from exotic pathogens. The details with regard to import and
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export of plant and plant materials can be obtained from
www.planiquarantineindia.org
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Isolation, idcntification and cvaluation of fungal
biocontrol agents

B Ramanujam

Fungal biocontrol agents for plant discase management

Though bioeontrol agents include all classes/groups of organisms
existing in an ecosystem, maximum emphasis for developing biocontrol
programmes was given to fungal and bacterial agents primarily because of
case of their mass multiplication and fonnulation. The important species
fungi studied as biocontrol agents are Trichoderma viride, T. harzianum,
T virens, Chaetomium globossum, Coniothyrium minitans, Sporidesmium
sclerotivorum, Ampelomyces quisqualis, Aspergillus niger and saprophytic
yeasts, Among the potcntial biocontrol fungi, species of Trichoderma have
received maximum aticntion mainly due to high efficacy, broad spectrum
of activity, and ease in isolation and cultivation. In recent years success{ul
use of fungal biocontrol agents like Trichoderma spp. for the control of
so1] borne discases in several crops have been reported. Among these, T
viride, T harzianum, T. virens are under intensive research because of
their wide natural occurrence, biocontrol potential against fungal and
nematode diseases. The biocontrol agents providc protection against plant
discases either by direct action against the pathogen by mycoparasitism
and antibiosis and indirectly by comnpeting the pathogen for nutrients,
oxygen or space. Apart from this, Trichoderma spp. also exhibit plant
growth promoting activity in several crops. There arc several formulated
products of these agents are already availablie or arc in the process of
development.

Isolation of Trichoderma specics

Trichoderma spp. are commonly present in soils (rhizosphere as
well as Non-rhizosphere and rhizoplane), decaying organic matter, manure
heaps, crop residues.

Coliection of soil samples for bioagent isolations

Soil samples should be collected from a field where the pathogen is

own to be present but disease occurrcnce is low. Arcas where a pathogen
Was introduced but not established, and areas of monoculture of crops where
discases intensity has decreased after a few years with a susceptible crop
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provides excellent chances of finding a suitable antagonist. Soils of special
interest also should be included. In certain cases where the history of the
field and disease occurrence is not available, then biologically active soils
that contain a diverse population of microorganisms should be sampled.
Soil shoutd be collected to 2 depth of 15 cm in the upper surface including
thizosphere and rhozoplane samples. The coliected samples should be
analyzed as soon as possible. For 1selation of phylioplane micro flora,
healthy foliar parts (like flowers, fruits, leaves) from diseascd plants should
be collected.

Isolation from rhizosphere (Difution plate method)

1. Separate rhizosphere soil from 5-6 roots with the help of a brush in
a petri plate.

2. Add 10 g of rhizosphere soil in 100-ml sterile water blank and
shake it for 15 minules on a magnetic shaker.

Prepare scrial dilutions 107 to 10°¢,
Transfer 1 ml each of dilution 10 to 10°° to sterile petri plates.

3
4
5. Pour melted and cooled Trichoderma specific agar medium
6. Incubate the plates at 25 °C for 5-7 days.

7. Transfer isolated colonies into PIJA slants,

Isolation from rhizoplane

1. Take root pieces from the first dilution in screw cap bottle with 100
ml sterile water and shake it well.

2. Serial washings (10-20) are given to the above roots with sterilized
water until clear root surface is exposed.

3. Plate the washed roots on specific medium.

4. Incubate the plates for 5-7 days at 25 C.

Isolation from phylloplane

1. Collect fresh, healthy leaves (of all ages) in sterile polythene bags.

2. Cut five dises each of 6-mm diameter from every leaf using sterile
cark borer,

3. 'Fransfer 50 disks to 100-mi water blank and stir fro 20 minutes
using magnetic stirrer.

4. Prepare senial dilutions ( 10" and 10?).

S. Transfer 1-ml aliquot from all dilutions to sterile Petri plates and
pour specific agar medivm,
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6. Incubate the plates for 5-7 days at 25 °C for obtaining colonies of
antagonistic fungi.

Composition of specific media
1. Trichederma specific medium (TSM) {Elad et gl. 1981)
MgSO,7HO 0lg

K HPO, 0.9¢
KCL 0.15¢
NH,NO, 30g
Glucose 30g
Chloromphenicol 0.25 g
Fenaminosulf 03¢g
PCNB 02g
Rose Bengal 0.15¢g
Water 1L

2. Improved TSM (Elad & Chet 1983)
Mg 80, 7H,0 0.2¢g

K HPO, . 09g
KCL 015¢g
NH,NO, 30g
Glucose 30g
Chloromphenicol 0.25 g
Fenaminosulf 03¢
PCNB 02g
Rose Bengal 0.i5g
Benomyl 002¢
Captan 02g
Water 1L

3. Adapted selective medinm for Trichoderma spp. (Askew & Laing 1993)
MgSO.7HO 02g
K,HPG, 0%g
KCL 0.15g
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NH,NQ, i0g
Chloromphenicol 0.25 g
PCNB 02g
Rose Bengal 0.i15g
Captan 02g
Propamocarb 1.2 ml
or

Metalaxyl I6g
Water 1L

Estimation of Trichoderma population in soils

Collect the soil sample from the field, mix well and made into fine

particles. Collection of soil sample should be made in the root zone at 5-15
cm depth preferably from rhizosphere.

Materials required for isolation/estimation of Trichoderma

population

1.  Sterilized water 100ml in conical flasks (250 ml )
2. Sterilized water 9m! in test tubes

3. Stenlized pipettes Iml

4. Sterilized petridishes

5.  Trichoderma selective medium (TSM)

Procedure

1.

Ten grams of soil sample suspended in 90mi of sterile distilled water
(1:10 or 10°!). Shake well.

2. Take one ml from this and transfer to 9ml of sterile water in tube
{1:100 or 10-9).

3. Make serial dilutions by transferring 1ml of the suspension to the
subsequent tubes to get 10-® to 10,

4. The dilutions generally followed for isolation and estimation in soil
are 10! to 10™ and for estimation in formulations are 10+ 1071

5. Transfer one ml of the desired soil suspension to petriplates containing
TSM. Rotate the plate gently. Incubate at room temperature. Observe
the development of colonies.

Observations
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Trichoderma colonies on the sclective medium will be white initially and
later on turn to green.

Count the number of colonies developing in individual plates.
Calculations (for guantitative estimation)

Assutne average number of Trichoderma colonies per plate is 4 at 10
dilution (1:10,000)
imt of 1: 10,000 dilution contains : 4 colonies
1gm of soil/formulation will contain : 4 x 10,000=40,000 colonies
=4x10* colonies
Identification of Trichederma species

Trichoderma Pers. cx Fr., is a genus under deuteromycotina,
Hyphomycetes, Phialosporae, Hyphales, Dematiaceac. Various species
under these genera can be identified by morophelogical characters.
Macromolecular approaches {Enzyme and Nucleic acid analyses) have been
given importance nowadays because lot of confusion still existing in
presently available taxonomy of Trichoderma. Morphological characters
used in specific recognition in

have been outlined by Rifai (1969) and Bissett (1984,1991a-c,
1992). Rifai (1969) diffcrentiated Trichoderma from Gliocladium primarily
by the angle at which branches and phialides were bomne. In Gliocladium
branching is penieillate or convergent with phialides closely appressed.
The branching pattern can be seen in figures.

Morphological characters for identification of important species of
Trichoderma

T viride Pers.: Frex S.F.Gray
Conidia: 1-celled, grecn or brownish, subglobose to ellipsoid, rough-spored

Conidiophores : Narrow, flexuous, primary branching at regular intervals,
paired or in whorls of three, short and not extensively branched

Phialides : Mostly in virticils of 2 or 3
Chlamydospores : present in most isolates

Colony characters : Grows rapidly upto 9 cm diameter after 3-4 days at 25
°C, Colonics Fluecose

Reverse pigment : Colourless to dull yellowish

T harzianum Rifai
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Conidia: Subgliobose to obovoid or short ellipsoid, 1.7-3.2 x 1.3-2.5 um
(avg. 2.4 x 1-9 um)

Conidiophores: Hyaline, smooth walled, straight or flexuous up to 8 um
wide near base, 2.5-4.5 um wide for most of the length, highly branched,
primary branching at right angles, whorls of 2 or 3, sccondary branching
in whorls of 2-4, ultimate branch 1 celled, 3.5-10 x 2.5-6 um.

Phialides: Ampuliform to subglobosc or lageniform, 3.5-7.5x 2.5-3.8 ym,
arise mostly in crowded and diverse whorls of 2-6.

Chlamydospores: Fairly abundant, intercalary and terminal, 4-12 um
Colony characters: Grows rapidly, floccose acnal mycelium, white to
grayish or rarely yellowish

Reverse pigment : Caolorless to dull yellowish

T hamatum (Bon.) Bain.

Conidia: oblong to ellipsoid, dull green, 3-4.5 x 2.1-2.8 um (avg. 3.9-
2.5um)

Conidiophores: 5-10 um diameter necar the base, highly branched, primary
branches rclatively short, usually in whorls of 2-5, highly rebranched,
ultimate branch one celled, barrel-shaped or short eylindrical, mostly 3.5-
7x 3-5um

Phialides: subglobose to ellipsoidal or ampulliform, 3.3-5.6 x 2.8-3.5 um,
arise in crowded whorls of 3-6.

Chlamydospores: abundant, 33 x 18 um

Colony characters: colomes grow moderately rapidly, limited aerial
mycelium is floccose, white to grayish

Riverse pigment: Colorless to pale- greenish vellow

T. virens (Miller, Giddens & Foster) von Arx = Gliecladium virens Miller,
Giddens & Foster

Conidia: Broadly ellipsoidal to obvoid, 3.5-6.0 x 2.8-4.1 um (avg. 4.4 %
3.5 um), dark green, conidia from adjacent phialides often coalescing into
large globoid masses

Conidiophores: conidiophores sub hyaline, 30-300 um long, 2.5-4.5 1
in diameter, towards base frequently unbranched for about half of the length,
towards the apex branching irregularly with each branch terminated by 2
cluster of 3-6 closely addrcssed phialides, branches arise at right angles f
refluxed towards the apex, primary branches arising singly or in opposit
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pairs immediately beneath the septa, rebranched irregularly once or twice,
ultimate branches one or two celled

Phialides: Ampulliform to lageniform, 4.5-10 x 2.8-5.5 pm, swelling in
the middle, mostly arising in closely appressed verticils of 2-5 or terminal
branches

Colony characters: grows rapidly, aerial mycelium floccose, white to
grayish (Plate 3 and 4)

Riverse pigment; colourless
1.4 Identification services in India

Identification services for fungi are available in the institutes
mentioned below.

e Division of Plant Pathology, Indian Agricuitural Rescarch Institute,
Pusa, New Delhi-110 012

» Institute of Microbial Technology (CSIR), Chandigarh

»  Fungal Identification Service, Agharkar Research Institute, Pune
Screening and selection of potential antagonists of plant pathogens
In vitro evaluation of fungi for antagonistic effect on plant pathogens:

Evaluation of test fungi for their antagonistic effect on plant
pathogenic fungi can be carried out by (i) Dual culture method, (ii)
Antibiosis test for production of diffusible inhibitory metabolitcs by
candidate fungi effective against pathogens, and (iti) Antibiosis test for
production of volatile compounds by candidate fungi inhibitory to
pathogens. In the dual culture method, the overall ability of the test fungus
in inhibiting the pathogen through competition for nutrients, production of
mhibitory compounds and hyper parasitism was tested. Antibiosis tests
were used to determine the ability of the test fungus to produce diffusible
(non-volatile} and volatile metabolites effective against the pathogen.

Dual Culture Method: Direct opposition method using simultaneous
inoculation of pathogen and opposing fungus as described by Webber and
Hedger (1986) was adopted. Six mm discs of pathogen and test fungus
(antagonistic fungus) cut from 5-7-day old cultures were placed on 2%
Malt agar plates (90 mm diameter) in such a inanner that they lie oppo-site
to cach other at the corners of plate. Plates inoculated with either the
Pathogen alone or test fungus alonc in a similar position served as control.
Threc replications can be used in each case and the plates ineubated for
3-15days. After 24 hr of incubation, radial growths of pathogen and test

ngus were measured in dual and monoculture plates. Thesc measurements
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can be used to calculate the percentage of inhibition of pathogen/ test
fungus. Overgrowth of pathogen/test fungus, if any may also be recorded.
Attcmpts may also be made to re-isolate pathogen/ test fungus (viability
test) from the ntcraction sites by transferring 6 mum discs cut from the
interaction zone/sites to fresh PDA/ MA plates and cxamining the renewcq
growth. Based on the observations taken in dual cultures, the type
interaction occurring betwcen pathogen and test fungus may be identifieq
using the key developed by Webber and Hedger (1986) consisting of the
following types of interactions:

(1) Intermingling category (I): Intermingling of colonies withoyt
macroscopic / microscopic ifteraction.

{if) Overgrowth catcgory {O): Overgrowth on pathogen colony by
opposing fungus usually accompanied by the inhibition of pathogen
colony on or after contact.

(iii} Mutual inhibition with pigmental band (MP): Mutual inhibition of
pathogen and opposing fungus with a pigmented band of mycelium at
the junction.

(iv) Mutual inhibition with a clear zone (MC): Mutual inhibition of
pathogen and opposing fungus with a clear zone between the colonies.

(v) Extreme inhibition of pathogen (E): Extreme inhibition of pathogen
at distance of 5 min or more and littsfe or no reciprocal inhibition of
the opposing fungus.

In the above tests, as the two organisms grow towards each other,
the reduced growth rate of the pathogen at a distance from the periphery of
the potential antagonist indicate production of an “antibiotic”. Other
reactions that can occur in dual cufture arc that both organisms stop growing
upon contact, with a smail but clearly marked space between them.
Antagonism between two organisms also is indicated when the pathogen
stops growing upon contact with the antagonist and its mycelium begins ©©
lyse backwards and the antagonist nay continue its growth over the colony
of the test fungus (Mycoparasitism). Microscope. Hyphal interaction 11
dual culture is also can be studied by growing the fungi on a ccllophant
membrane in petri dish with water-agar plus glucose (0.5% w/v). After 4
to 5 days, picces of cellophane membrane from the contact zone are cut
and prepared for microscopic obscrvation. Antagonism also 18 indlcaFEd
when the aerial fluffy myceliuin of the pathogen is appressed when gr owing
near the antagonist.

Antibiosis test for production of diffusible inhibitory metabolites by the
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(est fungi against pathogen: The test was carried out using cellophane
papcr method described by Dennis and Webster (1971a). For this,
cellophane paper (50 um thick) discs of 90 mm diameter were cut and
steri-lized in an autoclave at 121°C for 15 minutes and then each sterilized
disc was aseptically placed over 2% Malt agar medium taken in a Petri
plate (90 mm diameter). Six mm discs of each candidate fungus in three
replications may be placed at the center on the cellophane paper and
incubated for 2 -5days. Afier this, the cellophane paper and the adhering
fungus may be removed carefully and a six mm disc of pathogen
immediately placed on the medium at a central position previously occupied
by the candidate fungus. The radial growth of pathogen is recorded after
every 24 hr and compared with the growth in control plates. Based on this,
the percentage inhibition of pathogen, if any, was calculated.

Antibiotics in culfure filtrute: In this method the antagonistic fungus is
grown in a suitable liquid medium in stationary or shake culture. After
sufficient growth has occurred mycelium and other cells are removed by
fiftration through filter paper and then sterilized by passing through sintered
glass filter. The sterile Nltrate in destred concentration is added to sterile
culture medium and plated and the pathogen is inoculated at the centre of
the plate. Antagonist grown on PDA not amended with filtrate serves as
control. Reduction in colony growth in filtrate-amended medium compared
to control indicates secretion of antibiotic compounds into culture by
antagonistic fungi.

Antibiosis test for production of volatile inhibitory compounds by
candidate fungi effective against pathogen: The test was carried out by
slightly modifying the sealed Petri plate technique described by Dennis &
Webster (1971 b). For this, two Petri dish bases (90 mm}) containing 20 ml
of solidified 2% Malt agar medium were sealed together by an adhesive
tape and the candidate fungus (antagonistic fungus) was grown in the bottom
Plate for one, three, six and 10 days at 25 + 2 °C and allowing the medium
on the upper plate at the same time to adsorb any volatile compounds
Produced, if any, by the candidate fungus. The upper Malt agar plates
after the Tequired exposure to the candidate fungus were carefully removed
and inoculated with pathogen and the radial growth of pathogen was
fecorded after every 24 hr and compared with the growth in control plates.
Based on this, percentage inhibition of pathogen, if any, can be calculated.

In y; ;
A Vivo methods of screening
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Greenhouse pot tests and field tests : As in vitro methods are ng¢
dependable, greenhouse and field studies should be carried out fy,
identifying potential antagonists. The effect of the antagonistic fungj o
the survival, saprophytic growth, and parasitic activity of the pathogen iy
soil may be tested. The soil used for greenhouse and field studies shoylq
be suitable for the growth of the pathogen and antagonist. Where ever
possible, use different types of soils collected form different agro-climatic
regions for both laboratory and greenhouse studies. To obtain meaningfyl
data, the quantity of the propagules of the pathogen and antagonist added
to per unit volume, weight, or area of the soil should be controlled.
Antagonists can be applied by way of seed treatment, soil amendment or
as foliar sprays (for control of foliar diseases).

Seed treatment is followed for control of soilborne pathogens, which
incites seed decay, damping-off, root, rot and wilt diseases. Spore and
mycelial suspension of antagonistic fungus obtained from culture plates or
from liquid broth and mixed with 1% carboxymethyl cellulose or gum
arabic and coated to the seeds. The treated seeds are sown in pathogen-
infested soils (Greenhouse or field) and observations on disease incidence
are recorded at regular intervals. Antagonistic fungi can also be grown on
cheap organic substrates and amended to pathogen-infested soils, Pathogen
and antagonists can be incubated for 10 to 15 days after amending to the
soil to give antagonist sufficient time for parasitizing pathogen propagules.

Fungi having antagonistic potential against a wide range of plant
pathogens can be identified by following various screening procedures
described earlier. As specificity does occur with antagonistic fungi a:so,
suitable isolates of these fungi effective against a specific pathogen ‘n a
particular crop or a location need to be identified.

Entomofungal pathogens for crop pest management

Insects like other organisms are susceptible to a variety of diseases
caused by viruses, bacteria, fungi, protozoans, rickettsia, mycoplasma anq
nematodes. Fungi which infect insects are called entomopathogenic fqul
and the fungal diseases on insects are referred as mycosis.
Entamopathogenic fungi play an important role in the natural pest control
in various erops through epizootics. Fungal control of insects refers 1o Fhe
exploitation of these disease-causing fungi to reduce the pest popula}lon
below the damaging levels through introduction and augmentation
Entamopathogenic fungi are gaining importance in the crop pest control In
recent vyears, although Baciiius thuringensis (B.t) an
Nucleopolyhedroviruses (NPVs) are the most widely used microbial agents
at present. Fungal pathogens have certain advantages in pest contr@
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programmes over other insect pathogens. Mass production techniques of
fungi are much simpler, easier and cheaper tl_lan thosc useq for B.t and
NPVs. Fungi unlike bacteria or viruses directly infect through insect cuticle
and do not require ingestion for infection and so sucking insects are also
infected by entomopathogenic fungi.

More than 750 sp. of fungi, mostly deuteromycetcs and
entomophthorales from about 100 genera are pathogenic on insects, many
of them offer great potential for pest management. Species that have been
most intensively investigated for mycoinsecticides in the crop pest control
include Beauveria bassiana, Metarhizium anisopliae, Verticillium lecanii,
Hirsutella thompsonii, Nomuraea rileyi, Paecilomyces farinosus etc. The
first two species have been used in large scale for the control several crop
pests over a number of years, while others have been attempted in recent
times. Several commercial formulations based on these fungi are produced
in different countrics .

Most of the entomopathogenic fungi infect the host through thc
cuticle. The process of pathogenesis begins with adhesion of fungal spore
on cuticle followed by germination, penctration and development of fungus
inside the host leading te the death of the host. Fungi usually cause insect
mortality by nutritional deficiency, destruction of tissues and rcleasing of
toxins. After the penetration of germinating hyphae into the haemocoel,
the fungus produces hyphal bodies, hyphal strands and protoplasts that fill
the haemocoel completely. Several mycotoxins like, Beauveriein,
Beauverolides Bassianolide (by B.bassiana, V.lecanii, Paecilomyces spp.)
and Destruxins A, B, C, D, E, F (by M.anisopliaej are produced during
pathogenesis and these act like poisons for the insects. After the death of
the insects the fungus breaks open the integument and forms aerial mycelia
and sporulation on the cadavers,

At early stages of fungal infection, the insects show little or no
Symptoms except for a few necrotic spots that may develop at the invasion
Sites. At late stages of infection, the insects become restless, less active,
IOQSe appetite and coordination. The internal tissues show disintegration
priorto the insect death. External fungal growth on the cadavers is another
diagnostic feature of the fungal infection in insects. An insect covered with
Powdery white spores would be suspected of having B.bassiana infection,
Powdery green spores would suggest an infection with M.anisoplize or
Norileyi and yellowish spores would indicate having Pfarinosus or
Aspergillus flavus infection. The fungal infected insects are usually

ardened and not soft Tike in bacterial infections.

Environmental conditions particularly humidity and temperature
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plays an important role in the infection and sporulation of
entomopathogenic fungi. Very high humidity (> 90%RH) is required for
spore gcrimination and sporulation outside the host. Most of the
entomopathogenic fungi in tropical and subtropical areas require an
optimum temperature of 25°C for epizootics.

Isolation of cntomopathogenic fungi
Collection of fungal infected insects

The best season for collection of fungal infected insects from
different crops/regions is monsoon and winter peroids (July-January), during
which fungal infections on various crop pests arc common due to the
prevalence of high humidity and low temperature

Characters of fungal infected insects
i.  The most striking charactenstic of a fungal infection is the presence
of mycelium in or on the affected insect.

¢  An insect covercd with powdery white spores would be
suspectcd of having B.bassiana infection

*  Aninsect covered with powdery green spores would suggest an
infection with M.anisopliae or N.rileyi

*  Aninsect covered with yellowish spores would be suspected of
having P, farinosus infection

e Aninsect covered with greenish yellowish spores would suggest
an infection with Aspergillus flavus

ii. Hemocoel of the fungal infected insects is filled with hyphal bodies

iii. The fungal infected insects are usually hardened and not soft like in
bactertal infections.

iv. The position of the fungal infected insect may be fixed to the leaves/
plant part or refaxed on the ground.

Isolation of entomopathogenic fungi from the infected insects

The fungus can be isolated from the infected insects in two ways,
either from the hemolymph or directly from the fungal growth on the
surface.

1. Isolation from hemolymph: Infected insects are first surface sterilized by
immersing them in 5% sodium hypochloride solution for a few a minutes
and rinsed in sterile water three times. Then the specimen is cut open in 2
sterile plate and a small portion of infected hemolymph/tissue is streaked
on PDA (Potato,200.0g, Dextrose, 10.0g, Agar,15.0g, and Distilled water,
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1000ml).for isolation of B.bassiana, M.anisopliae, V.lecanii and
Paecilomyces sp. or Sabouraud maltose/dextrose agar with yeast extract
medium, SMAY/SDAY (Pcptone,10.0g, Maltose/Dextrose, 40.0g, Yeast
extract,2.0g, Agar,15.0g, and Distillied water, 1000m]) for isolation of
N.rilevi. For suppression of contaminating bacteria and for restricting fast
growing fungi like Apergilius, Penicillium etc., antibacterial/fungal
chemicals tike, Chloramphenical @ 50ppm and rose bengal @ 100ppm
may be added 1o the basal medium, The pure colonies of cntomopathogenic
fungi may be sub cultured on PDA/SMAY slants and storcd in a refrigerator.

ii. Direct isolation from surface of the infected insects: Mycelium and spores
can be removed from a fresh specimen and placed directly on the PDA/
SMAY/SDAY medium. However, this isolate should be compared with
that obtained from infected hemolymph/tissue.

Storage of entomopathogenic fungi

The simplest method of storage is maintenance of cultures on Potato
carrot medium (PCA) in slants capped with wax /parafilm under
refrigeration or immerscd in paraffin ol at room temperature. Many fungi
can be stored for several years under iyophilization, liquid nitrogen or in
silica gel.

Identification of entomopathogenic fungi
Beauveria bussiana (Bals)Vuill.

This is known as white muscardine fungus and it has been reported
long back to cause disease in silkworms. It occurs worldwide and has one
of the largest host list (700 host species) and also occur in soil as a
saprophyte. The hosts are mainly in the orders of Lepidoptera, Coleoptera,
and Hemiptera and a few in Diptera and Hyinenoptera. Some of the major
insect pests susceptible to this fungus in India are Helicoverpa armigera,
Spodoptera litura, Holotrichia consanguinia, coflee berry borer, rice hispa
ete, B.hassiana infected cadavers show white aerial mycelia .

Colony and conidial characters of B.bassiana
*  Colonics white with abundant cottony aerial mycelinm.
s Hyphae cylindrical, 3.5u wide, hyaline, septate.

*  Conidiophores single or branched, abundant, arising from vegetative
hyphae, bearing groups of clustered conidiogenous cells '

* Conidiogenous cells or Phialides globose to flask-shaped {(3-5 X 3-
7um) with well developed rachis upte 20um long and 1-1.5pm wide.

* Conidia are borne at thread-like apex of the phialide on a series of
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zigzag branchlets, more or less comparable to a cyme.
* Conidia globose(1-4y) to oval {1.5-5.5 X 1-3u), smooth, hyaline

Beauveria brongniartii

B. brongniartii is found highly suppressive to root grub species like,
H. consanguinia, H.serrata and Maladera nathani infesting groundnut,
Sugacane, rubber etc. B. brongniartii differs from B. bassiana by exclusive
Presence of oval shape spores. Phialids slender, rarely clustered, short, not

Zig-zag, Conidia oval shaped.
Metarhizium anisopliae (Metschn.) Sorokin

This is commonly known as green muscardine fungus and is widely
distributed and recorded on more than 300 insect species. Some of the
Serious pests susceptible to M. anisopliae in India are Oryctes rhinoceros
of coconut, white grubs (H. consanguinia, and M. nathani) infesting
groundnut, potato, sugarcane etc and cashew stem borer (Placederus
ferrugenius). M. anisopliae infected cadavers show typical green aerial
mycelia and sporulation on the surface . The colony of M. anisopliae appcars
White, when young but as conidia mature, the colour turns to dark green
(Plate-2). Mycelium composed of hyaline, septate, branched hyphae.
F:(midiophorcs short, erect, hyaline, septate, simple or branched, terminating
I single or a cluster of phialides. Conidia t-celled, hyaline, smooth, long-
Ovoid to cylindrical (4.8 X1.6p), abstricted from the tips of the phialides
and forming long basipectal chains/columns (Fig-2). Based on the size of
Conidia, M. anisopliae is divided in to two varieties viz., M. anisopliae var.
anisopliae and M. anisopliae var, major. The former has short conidia, of
3-9y length and the latter has long spores of 9-18p length.

*  Colonies with dark green or olive green conidial masses
*  Mycelium composed of hyaline, septate, branched hyphae.

*  Conidiophores short, hyaline, septate, erect, simple or branched,
terminating in single or a cluster of Phialides.

*  Phialide cylindrical to narrow cllipsoid

*  Conidia 1-celled, hyaline, smooth , long-ovoid to cylindrical (4.8
X1.6p), often narrowed centrally abstricted from the tips of the
phialides forming long basipetal chains/columns.

Verticilium lecanii (Zimm.) Viegas

It is known primarily as a pathogen of aphids, scales, whiteflies,
thrips and red spider mites. ¥ lecanii is also a mycoparasite of rust and
Powdery mildews. The fungus is characterized by the presence of
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conidiophores in verticillate whorls and on which conidia are bore in slime
or mucus balls .

e Colonies white to pale yellow, cottony
s Conidiphores erect or little differentiated

e Phialides solitary or in scant whorls, aculeate, extremely variable in
size, usually 12-40X0.8-3.0um

e Conidia in heads or parallel bundles, cylindrical with rounded tips
or ellipsoidal,2.3-10X1.0-2.6um

e Chlamydospores absent

Nomuraea rileyi (Farlow) Samson

It infects a number of lepidopteran larvae such as Spodoptera litura,
S. exigua, Helicaverpa armigera, H. zea, Trichoplusia ni, Plusia sp.and
vartous noctuid defoliators. When favorable condition of humidity (>70%)
and temperature (20-30°C) exist for along time, N. rifeyi is known to cause
natural epizootic with in larval populations of S./ifura, H. armigera and
Plusia sp. on castor, cotton, groundnut, redgram and niger in Andhra
Pradesh in India

¢ Colonies slow growing, white initially ,later turn pale green to
malachite green

¢  Hyphae 2-3p in dia., smooth, septate, hyaline and slightly pigmented

*  Conidiophores are long upto 160, forming dcnse cluster of branches
each beariag 2-3 compact phialides, around the stalk.

e  Phialides are short and rounded, cylindrical to globose, with very
swollen base tapering abruptly to a narrow neck

* Conidia are produced in dry divergent chains on phialides and are
elliptical to cylindrical in shape, measure 3-4 X2-2.5p and pale green.

Paecilomyces sp.

P, farinosus (Holm) Brown & Smith and P. fumosoroseus are
important species which are used in the biological control of lepidopteran
larvae Theses fungi arc used in the control of thrips and other insects like
Plutella xylostella. P. fairnosus is also called as yellow muscardine fungus.

Puecilomyces farinosus (Holm ex S.F. Gray) Brown & Smith

* Colonies fast growing at first white turning bright yellow or cream,
reverse cream or yellow

e m




| Plant Pathogens and Their Biocontrol
Agents Diagnostics and Characterization

e  Conidiphores smooth consisting verticillate branches with whorls of
2-4 phialides, 100-300X1.0-2.5um

s  Phialides swollen at base, tapering into distinct neck, 5-15X1.2-
2.5um in size

¢  Conidia ellipsoidal to fusiform, lemon shaped, smooth , hyaline, 2-
3X1-2pm

*  Chlamydospores absent

Paecilomyces fumosoroseus (Wize) Brown & Smith

e Colonics slow growing, rised, floccose, pink, sometimes producing
synnemata on agar medium

e  Conidiphores erect bearing several compact whorls of phialides

e  Phialides have strong inflated base

»  Conidia cylindrical to fusiformn, 3-4X1-2um

Laboratory bioassay procedures for screening fungal pathogens on

insects

Insect pathogens: Beauveria bassiana, Metarhizium anisopliae,

Verticillium lecanii, Nomuraea rileyi

Insects: Helocoverpa armigera, Spodoptera litura, Plutella xylostella,

Aphis craccivora

Maintenance of fungi: The cultures are maintained in slants on PDA in
refrigerator. For N.rileyi, Sabouraud maltose agar with yeast extract (SMAY)
is used. The slants are subcultured once in every month. After 5-7 sub
cultures, the fungus is passed through their respective hosts.

Preparation of fungal inoculum for bipassays: The fungus is grown on
PDA/SMAY medium for 7-10 days in slants and aqueous spore suspensions
of various spore concentrations are prepared using sterile water. The spore
count is estimated by Haemocytometer. (10°- 10 spores/m]). Tween-80 is
added @ 0.01% to get uniform spore suspension.

Rearing insects

H.armigera, S.litura - Artificial diet
Pxylostella - Mustard seedlings in cups/ trays
A.craccivora - Cowpea seedlings in cups/ trays

Stage of insect for bioassay

H.armigera, S.litura,
Pxvlostella - 11, instar larvae
A.craccivora - Nymphs and aduits
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Method of inoculation
H.armigera

1. Spray the spore suspension on individual larva in petriplates with an
atomizer or allow to crawl the larva on sporulated mat of the fungus
in slants/ plates

2. Transfer the inoculated larva to fresh diet in vials (1 larva/vial)

Keep the vials in growth chambers at 25°C and 80-95%RH for 10
days

S.litura

i. Spray the spore suspension (10ml) on clean castor leaves both sides
or alternately the spore suspension can be brushed with a fine brush.

2. Keep the sprayed leaves (5No.) in a vial containing water and the
vial can be kept in a plastic container with a mesh lid

3. Release 10 larvae on five sprayed leaves and kept in growth chamber
at 25°C and 80-95%RH for 10 days

P, xylostella

1. Spray the spore suspension on 70 young mustard secdlings grown in a
cup/tray (20 ml/cup)

2. Release 15 larvae/cup and keep in growth chamber at 25°C and 80-
95%RH for 10 days

A. eraccivora

1. Rear 4.craccivora on cowpea seedlings grown in small trays (5
seedlings/tray)

2. Spray the sporc suspension on aphid infested cowpea seedlings grown
in a cup/tray (Sml/tray)

3. Keep the sprayed plants in growth chamber at 25°C and 80-95%RH
for 10 days

Control: Spraying with 0.01% Tween-80 solution

Observations at 24hr intervals

Mortality, cadavers with and without fungal growth,LC-50, LT-50.
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Exploitation of the antagonistic mierobes for-
identifying novel antifungal genes and plant disease
management

R Viswanathan & P Malathi

Modem agriculture depends more on chemicals, which cause several
environmental concemns, consumer health as well as the increasing incidernce
of fungicide resistance in pathogens. Moreover, the rapid evolution of new
virulent forms of phytopathogens demands lcss expensive and time-
consuming processes for genetic plant improvement. Hence, alternate
stratcgies are to be developed to tackle plant discases using eco-friendly
approaches. Slowly biocontrol approach is getting acceptance in different
devcloping countries as well as in non-traditional erops. Although
developing discasc resistance varieties through conventional approach
would solve many disease problems, it is not feasible in many vegetauvely
propagated horticultural crops and in crops where breeding programme is
lengthy e.g. sugarcane, coconut efc. Saprophytic microorganisms with
potential to provide effective and usetul biological control of plant
pathogens alrcady exist in the rhizoplane or phylloplane as part of the vast
and largety untapped natural biological and genctic source. Biological
control of pathogenic fungi may operate by antibiosis, competition and
wycoparasitism, Mycoparasitism relies on the prodoction of Iytic enzymes
by the mycoparasite for the degradation of ecll walls of the host fungus.
Antifungal and antibacterial proteins are key components of defensc and
offence mechanisms of many groups of fungi and bacteria. They arc often
effcctive on a broad range of targets and function synergistically in
combinations, alse with other biologically active compounds like antibiotics
(Lorito ef al. 1996). Many such genes have been identified, however only
a few have been tested transgenically in plant to improve discase resistance.
Chitinase encoding genes have been among the most used to improve plant
defense against fungal pathogens.

Advanecement in molecular techniques has enabled us not only to
understand the molecular basis of discase resistance but also to produce
many desired plant species. The development of plant transformation and
gene cloning techniques has opened new avenues for augmenting disease
and insect resistance in crops. In the past 25 years, the fremendous
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achievements in technologies for identification, isolation and transfer of
gencs have cnabled expression of traits for disease resistance in plants
with minimal cffects on their intrinsic properties. Since the first plant
expressing a transgene was obtained by Agrobacterium mediated
transformation, a variety of desirable traits have been transferred to model
and crop plants by using a few but powerful techniques (Mourgues ef af,
1998). The prescnt lecture summarizes the role of microbial enzymes in
biocontro! of plant pathogens, their characterization with special emphasis
on chitinases and inactivation of phytotoxins produced by diffcrent plant
pathogens by biocontrol organisms.

Microbial enzymes in biocontrol

Plants have evolved an array of defense systems to protect themselves
against diffcrent biotic and abiotic stresses. One of these defense strategies
includes the synthesis of a battery of proteins whose apparent funetion is
to restrict the growth of an invading pathogen. These proteins include
pathogencsis related (PR} proteins, such as chitinases and 3-1,3-glucanases,
which are expressed constitutively in tissues vulnerable to pathogen attack
(Bishop et af. 2000). When an attack occurs, chitinases are highly expressed
in and around the infected cells (Agrios 1997). Chitinases (EC 3.2.1.14),
which are present in many plant species, hydrolyse the 4-1,4-linkages of
the N-acetylglucosamine (GleNAc) homopolymer of chitin. Chitin along
with &-1,3-glucan formn the main skeletal polysaccharides of fungal cell
walls (cxcept those from Qomycetes, which contain a-glucans and cellulose)
however, both are absent in plant cells {Cabib 1987; Gooday 1990).
Chitinases are also found in a variety of other organisms, including most
fungi, yeasts and some prokaryotes (Cohen 1993). Due to their hydrolytic
ability, chitinases are able to inhibit the prowth of fungal pathogens by
inhibiting spore germination and germ-tube elongation, degrading the cell
walls, as well as inhibiting growth at the hyphal tips (Chet & Inbar 1994,
1997; Haran er al. 1996). In addition to this direct action, chitinolytic
breakdown products induce the production of defense compounds, such as
phytoalexins, and systemie acquired resistance by acting as elicitors (Ren
& West 1992; Bishop ef al. 2000). It has been found that some plant
chitinases may also display varying levels of lysozyme (EC 3.2.1.17) activity
and thus may be involved in conferring resistance to bacterial pathogens
(Jolles & Jolles 1984).

Chitinases and a-1,3-glucanases act as the key enzymes in the 1ysis
of phytopathogenic fungal cell walls during the antagonistic action of
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different microbes. However, other cell wall degrading enzyines (CWDEs),
including those hydrolyzing minor polymers i.e, a-1,6-glucans or proteins
may also be involved in the antagonistic response of Trichoderma (De 1a
Cruz & Llobell 1999; Germia et al. 1993). Polysacchanides which consist
of a-glucosidic linkages also appear to be important in the cell wal]
composition and architecture. The alkali-soluble glucose (S-glucans) range
from polymers containing ncarly pure &-1,3-linkages to potymers altcrnating
a-1,3 and a-1,4- linkages. S-glucans reprcsent the major matrix
polysaccharides for most fungi (Benitez ez al. 1998).

Many Trichoderma and Gliocladium spp. isolates obtained from
natural habitats have been used in biocontrol trials against several soil
borne plant pathogenic fungi under both green house and field conditions.
The antagonists kill the host by direct hyphal contact, causing the affccted
cells to collapse or disintegrate; vegetative hyphae of all species have been
found susceptible (Chemin & Chet 2002). Most of the studics on the
expression and regulation of these lytic enzymes have been performed in
liquid cultures supplemented with different C sources like chitin, glucose,
a-1, 4-linked N-acetylglucosamine, fungal cell walls and their antifungal
effects determined in vitro. A set of chitinolytic enzymes sccreted by
different antagonistic microbes, when grown on chitin as the sole C source
consists N-acetylglucosaminidase, endochitinase and exochitinases.
Chitinolytic enzymes of T. harzianum, thc most studied mycoparasitic
fungus, and no other chitinases have been reported with a broad range of
activity, synergy between diftferent enzymes, or synergy with a number of
other biological and chemical control agents. Production of chitinases by
Trichoderma spp. has been 1mplicated as a main determinant in the
suppression of fungal propagules (Lonto et af. 1993).

Roberts & Selitrennikoff (1988) studied plant and bacterial chitinases
for anti-fungal activities and enzyme specificity. They reported that
chitinases isolated from the plants functioned as endochitinases and from
the bacteria function as exochitinases. Ordentlich et af, (1988) for the first
titne established that slower disease development by Sclerotium rolfsii on
bean seeds in presence of S. marscescens to its high chitinase activity.
Govindsamy et al. (1988) reported efficacy of purified chitinase from M.
verrucaria to control P arachidis. Later, Shapira ef al. (1989) cloned S.
marcescens chitinase gene and chitinase preparation obtained was found
to be effective in reducing disease incidence caused by S. rolfsii in beans
and R. so/ani in cotton under green house conditions. Vyas & Deshpande
(1989) reported production of high levels of extracellular nycolytic enzymes
Viz. chitinase, 4-1,3 glucanase and proteinase by Myrothecicum verrucaria
Wwhich are effective against S, rolfsii infecting groundnut. Several chitinolytic
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bacteria, ¢.g. Serratia marcescens, Aeromonas caviae, Enterobacter
agglomerans, Bacillus sp and Pseudomonas fluorescens have been reported
to be effective antagonists for protecting plants against various fungal
diseases (Inbar & Chet 1991; Chernin et al. 1995; El-Tarabily et af. 2000,
Melentev et al. 2001; Neilsen et al. 1998). The chitinolytic rhizobacterium
Serratia plymuthica isolated from the rhizosphere of oilseed rape was found
to be an antagonist against Verficillium dahliae, Rhizoctonia solani and
Sclerotiana sclerotiorum. Their chitinolytic enzymes inhibit spore
germination, germ tube elongation and thus they are thought to be potential
bioagents for the suppression of fungal propagules (Frankowski er al. 2001).
A highly chitinolytic strain of Alcaligenes xylosoxydans utilized chitin as a
source of carbon and nitrogen in the culture medium for growth and utilizes
mycelia of Rhizoctonia bataticola and Fusarium sp. attacking pigeon pea,
and the biocontrol activity of this strain was attributed to the production of
chitinase {Vaidya et al. 2001). Certain cellulolytic microbes utilize chitin
as a nitrogen source for degradation of eellulosic materials. For example
Cellulomonas uda utilized chitin as a source of nitrogen for degrading
cellulose thus, 1t has selective advantage over other eellulolytie microbes
(Reguera & Leschine 2001). The antagonistic activity of antifungal bacterial
strains against the grapevine dicback fungus, Futypa lata was confirmed
by the production of hydrolytic enzyme aetivity (Schmidt er al. 2001).
Vasseur ef al. (2001) screened several chitinase overproducing mutants of
Aphanocladium afbum based on chitinolytic activity on agar medium
containing colloidal chitin as carbon source. Sindhu & Dadarwal (2001}
found that chitinase and cellulase produced by Pseudomonas strains showed
mycelial growth inhibition of Pythium aphanidermatum and R. selani on
PDA medium. Thus these studies indicate that in addition to Trichoderma,
chitinases production by bacterial strains contribute to the inhibition of the
pathogen. Similarly Folders et al. (2001) found that P, aeruginosa secretes
many proteins into its extracellular medivm and isolated the chiC gene
encoding a polypeptide, which is able to bind and degrade colloidal chitin.
Ajit et al. (2006) have studied the ability of fluorescent pseudomonads
antagonistic to the vascular wilt of carnation Fusarium oxysporum f. sp.
dianthi to produce chitinases on different substrates. Their studies
established the significance of chitinases in the antagonism of fluorescent
pseudomonads.

An early event in parasitism by Trichoderma spp is coiling of the
Trichoderma spp around its host (pathogen). Later, the antagonist penetrates

- into the cells of the host, causing cell wall alterations, plasma membrane
disorganization and aggregation of the cytoplasm, Benhamou & Chet (1993)
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reported that damage to R. solani hyphae began soon after coiling of T,
harzianum around its host, followed by the rapid collapse and loss of turgor
of host hyphae, suggesting that lytic enzymes were produced by
Trichoderma spp in response to contact between both the partners. A
Fusarium chlamydosporum strain, a mycoparasite of groundnut rust,
Puccinia arachidis produces an endo-chitinase that inhibits germination
of uredospores of the rust fungus indicating a significant antifungal activity
of chitinase (Mathivanan et a/. 1998). Higher levels of antifungal activity
were recorded when more chitinolytic/glucanolytic enzymes of T,
harzianum are tested together. Combining a 42-kDa endochitinase and a
40-kDa chitobiosidase from T. harzianum strain P1 resulted in a synergistic
increase in antifungal activity (Lorito et al. 1993; 1994). A variety of
synergistic interactions have been found when different enzymes were
combined or associated with biotic or abiotic antifungal agents {Chemin
& Chet 2002).

Inglis & Kawchuk (2001) tested 14 fungi primarily representing
mycoparasitic and biocontrol fungi for their ability to grow onand degrade
cell walls (CWs) of an oomycete (Pythium ultimum), ascomycete (Fusarium
equisetii), and basidiomycete (Rhizoctonia solani), and their hydrolytic
enzymes were characterized. Protein was detected in the cultural medium
of eleven of the test isolates, and these fungi significantly degraded CWs
over the 14-day duration of the experiment. In general, a greater level of
CW degradation occurred for F. equisetii and P ultimum than for R. solani.
Fungi that degraded F. equisetii CWs were Coniothyrium minitans,
Gliocladium roseum, Myrothecium verrucaria, Talaromyces flavus, and T
harzianum, Taxa degrading P. ultimum CWs included Chaetomium
globosum, Coniothyrium minitans, M. verrucaria, Seimatosporium sp.,
Talaromyces flavus, T, hamatum, T. harzianum, and T, viride. Production
of extracellular protein was highly correlated with CW degradation.

Characterization of microbial enzymes

After establishing the role of microbial enzymes, characterization
of them is vital to clone them in suitable vectors and exploiting them in
biocontrol. The microbes are grown on spccific substrates like purified
Pathogen cell wall or chitin and induced enzymes are purified and
characterized by SDS-PAGE and other molecular techniques. Specific
chromogenic substrates are used to identify different types of enzymes by
colorimetric assay. Similarly specific substrates with fluorescent compounds
are ysed in activity gel analyses to identify different enzymes with their
activity, Extra cellular proteins synthesized by different microbes show
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proteins of varying molecular weight in SDS PAGE. Earlier reports indicate
that the molecular weight of microbial chitinases range from 20 kDa to
120 kDa {(Fenice ef af. 1998). The molecular weight of chitinase of T,
harzianum Rifai T24 was reported as 43 kDa (El-Katatny ef al. 2001).
Inglis & Kawchuk et al. (2001) found a considerable variation in the
molecular weights of CW-degrading enzymes among the test fungi and
the CW substrates in zymogram electrophoresis. Multivariate analysis
between CW degradation and hydrolysis of barley 4-glucan (4-1,3- and a-
1,4-glucanases), laminarin (4-1,3- and &-1,6-glucanases), carboxymethyl
cellulose (endo-4-1,4- glucanases), colloidal chitin (chitinases), and chitosan
(chitosanases) was conducted. For F equisetii CWs, the regression model
accounted for 80% of the variability, and carboxymethyl cellulases acting
together with 4-glucanases contributed an Rf of 0.52, whereas chitinases
and i-glucanases alone contributed an Rf of 0.11 and 0.12, respectively.
Only 61% of the variabitity observed in the degradation of P. wltimum
CWs was explained by the enzyme classes tested, and primarily i-
glucanases (Rf of 0.53) and carboxymethy! eellulases (Rf of 0.08) alone
eontributed to CW break down. Only few of the test fungi degraded R.
solani CWs to perform multivariate analysis effectively. This study
identified several fungi that degraded ascomyceteous and oomyceteous,
and to a lesser extent, basidiomycetous CWs. Alexandre et al. (2002) have
identified N-acetyl-d-D-glucosaminidase protein of 73-kDa and 68-kDa
in two different truncated forms and endochitinase of 45-kDa. Also N-
acetyl-a-D-glucosaminidase of 36-kDa has been purified from T harzianum
which controls Crinipellis perniciosa (Marco et al. 2004). The chitinase
protein of Bbchit] of 33-kDa was purified from Beaveria bassiana by Fang
et al (2005). Hoell et al. (2005) have isolated a novel endoehitinase of 30-
kDa from T. atroviride. Ait-Lahsen et al. (2001) purified and characterized
one of the &-1,3-glucanases AGN13.1 from T, harzianum. The enzyme
was exo type a-1.3-glucanase and showed lytic and antifungal activity
against fungal plant pathogens Aspergillus niger, Botrytis cinereq and
Penicillium aurantiogriseum. Extracellular proteins of highly antagonistic
bacterial strain to carnation wilt pathogen were isolated from cell-free
extracts of media amended with chitin and fungal cell wall. These cell-free
conditioned media confained one to seven polypeptides. Western btot
analysis revealed two isoforms of chitinase with mnolecular masses of 43
and 18.5-kDa (Ajit et al, 2006),

The mechanisms by which the chitinases are induced under
mycoparasitic conditions are unknown. It has been established that a low-
molecular weight, diffusible factor is released from the host and triggers
chitinasc gene expressicn in T, atroviride (Cortes et al. 1998; Zeilinger ¢t
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al. 1999). Kullnig et al. (2001) provided evidence that this factor is produced
by an as yet unidentified chitinase of Trichoderma. Inbar & Chet (1995)
using a biomimetic system, detected a N-acetyl-3-D-gluosaminidase as the
first chitinase formed when Trichoderma comes into contact with its host.

Brunner ef al. (2003) found that of nagl of T, atroviride encodes a
73-kDa N-acetyl-a-D glucosaminidase which is secreted into the medium
and partially bound to the cell wall and it has major impact on the induction
of T atroviride chitinase by chitin, its deletion virtually blocking the
formation of other chitinases including ech42. This finding is of interest as
it offers new insights into the mechanism of chitinase induction in
Trichoderma. Table | summarizes most used chitinases identified from
Trichoderma spp.

Table 1. Chitinase proteins purified from Trichoderma spp.

Species Strain Chitinase tyvpe Mr (kDa)  References
T harzianum CECT2413 Endochitinase 42,37.33  DelaCruzeral
1952
T. atroviride Pl Endochitinase 42 Harman et af. 1992
Chitobiosidase 40
N-acetyl-p-D- 73 Lorito et al. 1994
glucosaminidase
T. harzianum Nottingham39.1 Endochitinase 40, Ulhoa & Peberdy,
1992
N-acetyl-f-D- 64 LUlhoa & Peberdy,
glucosaminidase 1992
T. harzianum Nottingham39.1  Endochitinase 46 Lima ef af. 1997
T, harzianum Nottingham39.1  Excchitinase 28 Deane et al, 1998
T. harzianum AF6-T8 N-acetyl-§-D- 46 Lima et al. 1997

glucosaminidase

Cloning of genes coding for microbial enzymes

Cloning of genes encoding for lytic enzymes, characterizing their
products, and clucidating their individual roles in the mycoparasitic activity
of T harzianum and other spccies of Trichoderma or Gliocladium has
opened the way to improve the biocontrol capacity of these fungi. Also the
genes coding for these lytic enzymes were expressed in plants to resist
invading pathogens. Several genes which are specifically induced under
mycoparasitic conditions have been cloned from Trichoderma spp,
chitinase-encoding genes are prominent among these. Three endochitinases
(ech 42, chit 33, chit 36) and two chitinases (nagl =excl, cxc2) have been
cloned and characterized (Lorito er al. 1998; Kubicek et al. 2001; Viterbo
et al. 2001; Kim et al. 2002). Cloning of genes encoding for endochitinase
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and N-acetylglucosaminidase from Irichoderma spp. was reported by
various workers (Harman et al. 1993; Haran et al. 1995; Carsolio et af,
1994; Giczey et al. 1998; Limon ef al. 1999; Peterbauer et al. 1996). The
chitinase gene ech42 of 1447bp long was obtained from I atroviride, which
had three introns in the sequence (Jinzhu et afl. 2005). A list of important
chitinase genes cloned from different Trichoderma spp. is given in Table2,

Table 2. Chitinase genes cloned from Trichoderma spp.

Gene Trichederma spp.  Strain Encoded protein References
Th-End2  Tatrovinde Pl 42-kDa Endochitnase Hayes et af. 1994
echd? T.atroviride IMIZ0604C  42-kDa Endochitnase Carsolio et al. 1994
chitd2 T harzianum CECT2413 42-kDa Endochitnase CGarcia er al. 1994
clird2 Tvirens Gv19-§ 42-kIa Endochitnase Beak e/ al. 1994
th-ch T. hamatum Tam-61 42-kDa Endochimase Fekete et al 1994
ENC} T. harzianum T25-1 42-kDa Endochitnase Draborg et al. 1994
Chit33 T harzianum CECT2413 33-kDa Endochitnase Linon et al. 1994
Nag I T, atroviride PI 73-kDa N-acetyl-p-D- Peterbauer er al. 1994
giucosaminidase
exc / Tharzianum T25-1 73-kDz N-acetyl-p-D- Draborg ef al. 1994
glucosaminidase
exc2 Tharzianum T25-1 N-acetyl-f-D- Drabory et af. 1994

glucosaminidase?

Cloning microbial chitinase from antagonists to sugarcane red rot
pathogen

We are working for the past ten years on biocontrol and induced
systemic resistance using fluorescenct pseudomonads and 7richoderma
spp against Colletotrichum falcatum causing red rat of sugarcane
(Viswanathan 2006). Studies of Viswanathan & Samtiyappan (2000)
established that strains of fluorescent pseudomonads suppress red rot
development in sick-plot conditions. Subsequently induced systemic
resistance against the pathogen under field conditions has alse been
demonstrated (Viswanathan and Samiyappan 2002). In addition to the work
on disease management detailed studies were conducted on identifying
and characterizing extracellular enzymes produced by the antagonists and
cloning of chitinases from strains of T. harzignum and Pseudomonas
JSluorescens native to sugarcane

Initially we have standardized conditions favourable for the synthesis
of chitinases by Pseudomonas strains in different culture media and
established correlation between chitinase production by the bacterial strains
and their antagonism to C. falcatum (Viswanathan & Samiyappan 2001).
In the further studies efficient chitinolytic Pseudomonas and T. harzianum
strains were selected based on their ability to degrade colloidal chitin onl
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chitin agar medium. Growing bacterial strains using colloidal chitin as 3
carbon source in the agar medium and visualizing the clearing zone around
thc antagonist colony was found to be an easy and simple method of
screening for chitinolytic strains. Hydrolytic enzyme production by the
bacterial strains was compared with that of T harzignum strains. Among
24 different bacterial strains screened for the chitinolytic activity
Pseudomonas strains AFG2 and FP7 were highly efficient in chitin
degradation along with 7. harzianum strains TS5 and T62. The extracellular
proteins from the efficient strains caused inhibition to C. falcatum conidial
germination, germ tube elongation and mycelial growth. We also found
that enzyme extracts of T harzianum are more antifungal to C. falcatum
than those of the bacterial antagonists (Viswanathan et a/. 2003a).

Profiles of extracefiular proteins produced by Pseudomonas AFG4
on C. falcatum cell wall and chitin medium showed proteins in the range
of 20 to 97-kDa. Colorimetric assay using chromogenic p-nitrophenyl
substrates for the production of ditferent chitinases revealed that
Pseudomonas AFG4 produced more chitinolytic enzymes than T° harzianum
T5. It was found that both the strains produced more enzymes in cell wall
medium, and N-acetyl-p-D-glucosaminidase and chitin-1,4-B-D-N,N"-
chitobiosidase were produced in higher quantities than chitin-B-D-N,N",N"-
chitotriase. Even though Pseudomonas AFG4 showed chitinolytic activity
in the colorimetric assay, we could not detect any fluorescent band in the
activity gel for chitobiase and chitotriase as in 7. harzianum (Viswanathan

ef al. 2003b).

Further charactenization of T harzianum extracellular chitinases was
carried out by SDS-PAGE, which showed extracellular proteins in the range
of 20 to 124-kDa. We have standardized detection of chitinase isoforms in
SDS-PAGE gels after reactivation by casein- EDTA procedure. In this
procedure, activity of chitinase isoforms was detected as discrete flourescent
bands under UV light which after few moments diffused. The fungus
produced N-acetyl glucosaminidase of 97-kDa both in cell wall and
colloidal chitin medium, which was detected in the overlay gel using 4-
MU- (GIcNAc) as substrate. Three fluorescent bands with approximate
molecular weights of 66-kDa, 56-kDa and 50-kDa were detected when
grown in cell wall amended medium and two bands of 66-kDa and 50-kDa
in colloidal chitin amended medium using 4-MU- (GlcNAc), as substrate.
Also two fluorescent bands of 66-kDa and 50-kDa in cell wall medium
and a 50-kDa band in colleidal chitin medium using 4-MU- (GlcNAc), as
substrate were detected. These fluorescent bands on the basis of their
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molecular weights overlap to the stained proteins in the SDS-PAGE
(Viswanathan ef al. 2004).

In our further studies efforts were made to isolate the chitinase
gene(s) from P. fluorescens AFG4 and T. harzianum TS5 for which
procedures were standardized to isolate total RNA and mRNA, RT-PCR,
c¢DNA cloning and transformation of recombinant plasmids in competent
cells. The cDNA products were sequenced and using GenBank BLAST
programme both the sequences were compared. The sequencing results
gave the partial cDNA products of 246bp and 230bp by ¥7 harzianum TS5
and P. fluorescens AFG4 respectively, The homology analysis of the partial
cDNA sequences with the existing sequences in GenBank revealed a very
high leve!l of identity at the nucleotide level and protein level to the reported
microbial ehitinases (Viswanathan er a/. 2004; 2006). This partial cDNA
sequence of chitinase will be used as probe to pick the full-length chitinase
gene later.

Developing transgenic plants with microbial gencs

Antifungal and antibacterial proteins are key components of defense
and offence meehanisms of many groups of fungi and bacteria. They are
often effective on a broad range of targets and function synergistically in
combinations, also with other biologically aetive compounds like antibiotics
{Lorito et af. 1996). Although a number of such genes have been identified,
not many have been tested transgenically in plant to improve discase
resistance. Chitinase encoding genes have been among the most used to
improve plant defense against funga! pathogens. The antifungal activities
of chitinases render these proteins ideal candidates for the enhanced natural
resistance of plants through eonstitutive over expression of thesc normally
inducible defense genes. Successes in this regard were first reported by
Broglie ef al. (1991) who generated transgenic tobacco and canola plants
utilizing the cauliflower mosaic virus (CaMV) 358 promoter and the bean
CHS5B gene. Chitinase activity in the transformants increased 44-fold in
the leaves, relative to the control plants. The transformants showed delayed
development of discase symptoms, as well as an improved ability to survive
in sot! infected with R. solani. The first attempt to usc a transgenie chitinase
to enhance plant defense were made by using the bactenial chitinase gene
ChiA from Serratia marcesceas. Jones et al. (1988) demonstrated the
feasibility of aceumulating the S. marcescens chitinase in tobaceo leaves
under two different promoters, while Suslow ef a/. (1988) evaluated the
role of transformed chitinase in plant defense by using the same gene.
They established that expression of a bacterial chitinase gene ChiA from
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S. marcescens in tobacco plants with CaMV 358 promoter confers increased
resistance to Alternaria longipies by reducing necrotic lesions and chlorosis
during infection. However, the increase in resistanee diminishes as the
plant ages (Suslow e? of. 1988) and exhibitcd tolcrance 1o R. solani infection
in the fieid (Howie et al. 1994). Terakawa et al. (1997) transferred Rhizopus
pligosporus chitinase gene (chil) involved in cell autolysis in tobacco.
The transgenic plants showed 3 to 4 fold increase in chitinase activity and
they detected a significant reduction in leaf symptoms caused by S.
sclevotiorum and B. cinerea.

T, harzianum cch42 gene encodes one of the most powerful
chitinolytic enzymes characterized so far, which is capable of degrading
rapidly any chitin containing fungal structures like chlamydospores, mature
hyphae and sclerotia and inhibits a broad range of fungi in vitro (Loriio &
Scala 1999). The fungal gene was expressed constitutively at high level in
piant and transgenic lines upto 400 fold more chitinolytic than controts
were obtained with no apparent effects on plant development. The transgenic
expression of the ech42 gene in tobacco and potato conferred almost
complete resistance to the aerial pathogens Aflternaria alternata, R. solani,
B. cinerea and to the soil borne pathogens R. solani and 8. sclerotiarum
(Lorito et al. 1998). The transgenic plants, in addition to the direct antifungal
effects of the transgenic chitinase, other mechanisms of the plant defense
system may be activated and help reaching a high level of resistance. Their
studies conclusively demonstrated the usefulncss of the fungal genome as
asource of discase resistance genes, which apparently overcome limitations
ofusing plant chitinase genes. Following this approach, 7. harzianum genes
have been transferred into a variety of crops, including, apple, petunia,
pea, chickpea, rice, brassica, wheat, grape, alfalfa, tomato etc. and positive
results have been obtained with apple against Veniuria incequalis, grape
against Uncinula necatar and petunia against R. solani (Bolar et al. 2000,
Esposito et af. 1999). However, in apple, the expression of even moderate
levels of enzyme caused a reduction in plant vigour (Bolar et al. 2000)

even though no such effects were seen in tobacco or potato (Lorito et al.
1998).

Use of a single gene for developing transgenic plant could have
several potential drawbacks. First, any single disease-control gene that is
used widely is likely to encourage the development of resistance to the
effective moleeule in the pathogen population as a consequence of selection
(Wenzel 1985; Jach ef al. 1995; Fuehs 1998). Second, the use of single
gene may require higher levels of heterologous protein expression for
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adequate levels of resistance than the use of two or more genes that encode
synergistic proteins. Lower production of total heterologous proteins would
reduce the diversion of plant resources into production of thesc proteins.
Act of these goals could be met with additional genes for disease resistance,
especially if the proteins produced by them had strong synergy in their
antifungal activity. All of these goals could be met with additional genes
for disease resistance, especially if the proteins produced by them had strong
synergy in their antifungal activity.

An exochitinase, N-acetyl-B-D-hexosaminidase (nag70, EC
3.2.1.52), and the endochitinase from the biocontrol fungus 7. atroviride
are each strongly antifungal (ED50 values of about 50ug/ml for inhibition
of conidial germination of B. cinerea) and strongly synergistic (ED50 values
of 9ug/mi of total protein for a 1:1 mixture of the two proteins) (Lorito er
al. 19944, b). Wong ef al. (1999) demonstrated in vitro synergism of 7.
atroviride exochitinase and endochitinase against ¥, inaequalis, the causal
agent of apple scab and Gymnosporangium juniperi-virginianae, the causal
agent of cedar apple rust. They are therefore good candidates for conjoint
transfer into apple. The genes encoding both enzymes have been cloned
from T atroviride strain P1 and both contain a signal peptide at the 5° end
that probably is responsible for extracellular secretion of the enzyme (Hayes
et al. 1994; Draborg et al. 1995; Peterbauer et al. 1996). Bolar et 4i. (2001)
have successfully transferred these two genes encoding for chitinolytic
enzymes from T, afroviride in combination into apple plant. They fouad
transgenics produced from ¢cDNA version of exochitinase had a higher
level of enzyme expression than lines produced from the genomic version.
Constitutive expression of two fungal chitinases in apple lines was
correlated with increased resistance to ¥ inaegualis. Low expression of
endochitinase with low expression of exochitinase resulted in high levels
of resistance with minimal effects on plant growth. However, lines with
high levels of exochitinase in combination with very low levels of
endochitinase had adequate plant vigour and very high levels of diseases
resistance. Work of this group is a milestone in transgenic approach 1o
manage plant diseases using microbial genes. This is the first report (©
demonstrate synergism by two chitinases of fungal origin in plants. Carstens
et al. (2003) evaluated this CTS 1-2 gene from Saccharomyces cerevisiae
forits in planta antifungal activity by constitutive over expression in tobaceo
plants and found that leaf extracts from the transgenic line inhibited_f"-
cinerea spore germination and hyphal growth by upto 70% in a quantitative
in vitro assay, leading to severe physical damage on the hyphae. On detached
leaf infection assay, they found a decrease in susceptibility ranging from
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50 to 70% to B. cinerea. The transgenic plant lines that showed increased
disease tolerance were also shown to have higher chitinase activities.

The apple scab is routinely controlled in commercial apple orchards
by multiple applications of chemical fungicides. Although great
improvements have been made in the efficacy and safety of modem
fungicides, they remain an economic burden to growers, and there is
continuing concern for their non-target effects (Gadoury et al. 1989).
‘McIntosh® 1s by far the most widely-planted apple cultivar in the
northeastemn United States, and like most commercial cultivars, is very
susceptible to scab {Merwin ef al. 1994). Conventionally bred scab resistant
cultivars, such as ‘Liberty’ (L.amb ef al. 1979) have inadequate quality for
national and intemnational markets. However by the transgenic approach
“Mclntosh” variety expressing chitinases a stable resistance to apple scab
was achieved (Bolar er al. 2001).

Microbial inactivation of pathogenicity determinants
Detoxification

A disease is said to be set in when a compatible interaction between
plant pathogen and its host is established. In such a compatible interaction
the plant ts rendered susceptible to the invading pathogen. Any relationship
between pathogen and its host in reality involves interactive molecular
processes comprising plant’s genes controlling resistance/susceptibility on
the one hand and avirulance/virulence genes of the pathogen on the other
(De la Fuente-Martinez & Herrera Estrella 1993). Since a compatible
Interaction is established, the nature of subsequent biological impairments
caused by the pathogen largely depends on a variety of biochemical
blueprints encompassing production of lytic enzymes and/or toxins by the
pathogen (Panoponlous and Peet, 1985). Enzymes secreted by pathogen
cause disruption of plant cell wall barrier while making the protoplasm
vulnerable to attack by toxins which tear apart the naked protoplasm with
an eventual loss of electrolytes and ultimate death of cell (Vidyasekaran
1997).

Detwoxification of phytotoxins

Detoxification or inactivation of the phytotoxin reduces the toxicity
of metabolite produced by plant pathogens. This process leads to
development of resistant reaction or act as a defense mechanism in
susceptible plants to protect them from pathogen infection. Toxin resistant
genes can be isolated from the pathogen itself, as well as from other
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microbes. Microorganisms form an exotic source of enzymes, which are
capable of inactivating synthetic chernicals that arc potentially phytotoxic
{De Block et al. 1989). Studies are now being carried out on transformation
of plants utilizing phytotoxin resistance genes of microbial origin. In
safflower, Alternaria carthamai cavsing leaf and stem blight produces a
non specific phytotoxic brefeldin A (BFA) which could be dctoxified by a
strain of Bacillus subtilis BG3.The bacterial strain was able to survive on
BFA by simply converting it to a nontoxic metabolite by means of a brefeldin
A esterase (BFA esterase) in a single step hydrolysis reaction. The gene
was found to encode a2 40kDa monomeric peptide. The esterase gene was
subcloned and expressed in Escherichia coli. A fusion protein so obtained
was found to have estcrase activity three times that of the wild type esterase
purified from B. subtilis brefcldin A. Estcrasc gene holds much promise in
engineering blight resistance in safflower (Kneusel ¢z af. 1994). Detailed
studies were conducted by Malathi et a/. (2002) on the possible
detoxification of phytotoxin produced by the sugarcane red rot pathogen
C. falcatum by antagonistic fungal and bacterial strains. Eleven P.
Auorescens strains and two T, harzianum strains were grown on a medium
containing the pathogen toxin. Later, the treatcd toxin was tested for its
phytotoxic activity using symptom bioassay, electrolytic leakage and
spectral analysis. In symptom bioassay, spot application of untreated toxin
on leaf segments produced brown, necrotic spots with a yellowish-brown
margin and a yellow halo, which clongated along the veins within 48-72 h.
The phytotoxin incubated with P. fluorescens strains FP7 and VPT4 and T,
harzianum strain T35 did not exhibit any symptom on susceptible sugarcane
leavcs. Electrolyte leakage studies revealed that there is an overall reduction
in loss of electrolytes caused by the growth of antagonists in toxin medium.
Also, spectral analysis showed varied spectral patterns by different
treatments. The results revealed that certain strains of the biocontrol agents
cause detoxification of the pathogen toxin, which is one of the major
pathogenicity determinants of the red-rot pathogen. At molecular level a
specific induction of extracellular high molecular protein (97kDa) from
antagonistic strains has been identified through SDS-PAGE and it is under
purification and characterization. Detoxification of fusaric acid (FA) using
different microorganisms inciuding fungal and bacterial isolates has been
reported previously {Toyoda et al, 1991, Utisumi et /. 1988, 1991). The
FA-detoxifying genes from the air-borne fungal isolate Cladosporium
weraecki and FA-resistance gene from Pseudomonas cepacia were cloned
and sequenced (Utisumi ef al. 1988; 1991). Thangavelu et al. (2001}
conducted detailed studies on detoxification of FA of Fusarium oxysporum
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f. sp. cubense by different antagonistic strains. They found an antagonist
P fluorescens Pf10 grows well in the FA amended medium and detoxifieq
it completely under in vitro conditions. The detoxification of FA by p
fluorescens was demonstrated in tomato by the loss of wilt inducing ability
of the treated toxin. Growing P fluorescens in toxin-amended medium
induced a 60kDa protein predominantly. The N-terminal amino acid
sequence of this protein showed homology with amino peptidase of P
aeroginosa, Presence of gene coding for detoxification in plasmid has been
confirmed by plasmid curing. Under greenhouse conditions, soil application
of P10 reduced the wilt incidence by 50% whereas the plasmid deficient
strain (Pf10P) failed to control the Fusarium wilt.

R. solani toxin {Rs-toxin} produced by the sheath blight pathogen
R. solani induces sheath blight symptoms that are indistinguishable from
those induced by the fungus. This toxin is a carbohydrate compound
containing mainly a-glucose and mannose (Vidhyasekharan ef af. 1997,
Sriram et al. 2000). Studies of Sriram et al. (2000) revealed that certain
isolates of T. viride were found to readily inactivate the toxin. T, viride
MNT7 reduced severity of toxin-induced symptoms besides bringing about
a sharp fall in electrolyte from toxin treated rice plant. They also found
that a 110-kDa extracellular protein from T. viride restrict Rs-toxin activity
to a signifieant extent. In the subsequent studies Shanmugam et al. (2001)
confirmed that the inactivating principle of T. viride MINT7 was an a-
glucosidase, a 110-kDa protein with a K_ value of 0.40 mmol/l, when p-
nirophenyl a-D-glucopyranosidase was the substrate, and an isoclectric
point of 5.2 and it was highly specific to Rs-toxin, Fakhouri et @l (2003)
reported detoxification of FA by a non-pathogenic Colletotrichum sp. Their
studies revealed that the fungus isolate is able to completely detoxify after
4 days of incubation in malt broth medium containing 200 ppm of FA into
4-butyl-2-carboxy-pyriximidine. The detoxified compound did not have
any toxic effect on tomato seedlings.

Leaf scald is one of the most devastating diseases of sugarcarne it
many countries, and the causal agent, Xanthomonas albilineans, is ¢
systemic, xylem-invading bacterium that may be present at low populatior
sizes in symptom-less plants. The pathogen produces a family of antibiotics
and phytotoxins that block DNA replication in bacteria and sugarcani
proplastids (Birch & Patil 1985; 1987). The major toxin, named albicidin
has been partially characterized as a low Mr compound with several aromati
nings. Besides albicidin is rapidly bactericidal to a range of Gram-positiv
and Gram-negative bacteria at concentrations as low as 1 ng mi~. Symptom
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of leaf scald disease include the emergence of chlorotic leaves, wiltip
necrosis, and sometimes rapid death of plants, oftcn after a prolonged Iaten;
period. Chlorosis results from blocked chloroplast development afte,
inhibition of plastid DNA replication by albieidins produced by the pathogen
in invaded xylem (Birch & Patil 1987). Albicidin phytotoxins appear to he
important in systemic disease devclopment, because tox mutants of
albilineans fail to induce any disease symptoms in inoculated sugarcane
(Birch & Patil 1987). Howcver, rapid attenuation of the pathogen in culture
has prevented critical cxperiments comparing the capacity of tox” mutans
and tox" revertants to induce systemic disease in the field. Albicidip
resistance genes are therefore of great interest as a critical tool to assess
the role of albicidin phytotoxins in leaf scald development and potentially
to confer leaf scald resistance in transgenic sugarcane. Several mechanisms
of albicidin resistance have been identified, by production of a protein tha
reversibly binds the antibiotic in Klebsiella oxytoca (Walker ef al. 1988)
and in Alcaligenes denitrificans {(Basnayake & Birch 1995} and irreversible
detoxification of albicidin in Pantoea dispersa (Zhang & Birch 1997). A
gene (A/bD) from Pantoea dispersa has been cloned and sequenced and
been shown to code for a peptide of 235 amino acids that detoxifies
albicidin. The gene shows no significant homology at the DNA or protein
level to any known sequence, but the gene product contains a Gx5xG motif
that is conserved in serine hydrolases. The A/bD protein, purified to
homogeneity by means of a glutathione S-transferase gene fusion system,
showed strong esterase activity on p-nitrophenyl butyrate and released
hydrophilic products during detoxification of albicidins and A/bD is an
albicidin hydrolase. The enzyme detoxifies albicidins efficiently over a
pH range from 5.8 to 8.0, with a broad temperature optimum from 15 to
35°C. Expression of 4/bD in transformed X. albilineans strains abolished
the capacity to release albicidin toxins and to incite discase symptoms in
sugarcane. The gene is a promising candidate for transfer into sugarcane
to confer disease resistance.

Trichoderma on pathogenie enzymes

The cell wall is the first barrier that plant cell uses to oppose attack
of pathogens. Synthesis of hydrolytic enzymes by fungal pathogens during
the first phase of the host pathogen interaction is crucial for the infection
process. Most phytopathogenic microorganisms produce enzymes that are
capable of degrading celt wall polymers. These enzymes include cutinase,
which hydrolyses ester linkages of the cutin polymer and cell wall
degradation enzymes i.e. pectolytic enzymes [exo-and endo
polygalacturonases (PG), pectate lyase (PL), pectin methyl esterase (PME)]
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and cellulolytic (Cx) enzymes. Most studied is the polygalacturonases,
which cleaves the linkage between D-galacturonic acid residues. Attempts
were made to study the interference of Trichoderma and other antagonist
in hydrolytic enzyme production by the pathogens. Interference with
pmhogcmcny processes by Trichoderma has been demonstrated in 7T
parziamem T39 and B. cinerea on bean leaves (Zimand et al. 1996). Here,
the mechanism of biocontrol by which the antagonist interferes with the
pathogenicity process indicates that either it could be in direct action of
T39 on B. cinerea hydrolytic enzymes or 1t could be an indirect effect by
affecting plant factors that induce enzymatic activity in B. cinerea. Further
studies of Kapat et af. (1998) revealed that the isolate T39 inhibits
germination of B. ¢inerea conidia and subsequent diseasc development.
The levels of various hydrolytic enzymes were reduced when B. cinerea
was grown with a I” harzignum isolate in liquid culture or on the surface
of bean leaves. Significant reduction 1n production of pectin esterase, exo-
PG, endo-PG, PME and PL in both systems was found. T harzianum
polygalacturanase inhibiting proteins in defense against phytopathogenic
fung: was also reported (Lorenzo & Ferrari 2002). In addition protease
enzyme is involved in the degradation of pathogen cell walls, membranes
and even proteins released by the lysis of the pathogen, thus making
nufrients available for the mycoparasite (Goldman er al. 1994). Elad &
Kapat (1999) studied in detail on the role of 7. harzianum protease in the
biocontrol of B. cinerea in vitro and in vive on bean leaves. They found
that in the presence of T. harzianum T 39 culture filtrate containing protease
on 55% reduction in the germ tube length 17 hr of incubation on the surface
of the leaves, the protease reduced 56-100% reduction on Irichoderma
protease of B. cinerea on the surface of bean leaves and the development
of disease could be bimodal. First, protease inay have an adverse effect on
germination of B. cinerea conidia and secondly it may be able to deactivate
the pathogen hydrolytic enzymes that are responsible for plant tissue
IECTOSIS.

Synergism of foxins and cell wall degrading enzymes

Previous work on Trichoderma metabolites has shown that CWDEs
and membrane-acting peptides (i.e.trichorizianines and other peptaibols)
concurrently produced during biological control interaet synergistically as
bioeontrol agents (Lorito et al. 1996). Reeent research on necrosis-inducing
phytopathogenic pseudemonads had led to the isolation and structural
characterization of two different groups of cyclin lipadepsipeptides (LDPs)
that are toxie to plants and microorganisms. Fogliano et o/. (2002) found
" Pseudomonas syringae pv. syringae strain B259 secretes two LDPs
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syringomycin E (SRE) and syringopeptin (SP,,,) together with ar least
four types of cell wall degrading enzymes (CWDEs). In antifunga]
bioassays, they ecstablished the purified toxins interacted synergistieally
with chitinolytic and glucanolytic enzymes purified from the same bacteria]
strain or from the biocontrol fungus T. afroviride strain P1. The synergism
between LDPs and CWDEs occurred against all seven different fungal
species viz. Fusarium oxysporum, Verticilillium dahliae, B. cincreq,
Penicillium expansum Phytophthora infestans, Rhodetorula pilimanae, T
atroviride and P, syringae pv syringae itself, with a level dependent on the
enzyme used to permeabilize the microbial cell wall. The antifungal activity
of SP.,, was much more increased by the CWDE action than was that of
the smaller SRE, suggesting a stronger antifungal role for SP,_,. In vive
biocontrol assays using P. syringae alone or in combmatlon with T.
atroviride, including a Trichoderma endochitinase knock-out mutant in
place of the wild type and a chitinase-specific enzyme inhibitor they found
synergistic interaction LDPs-CWDEs is involved in the antagonistic
mechanism of P syringae and they support the concept that a more effective
disease control is given by the combined action of the two agents. Their
results clearly demonstrated that enzymatic degradation of the cell wall
penmnits both type of toxins, especially those with higher molecular weight
(SPs), to reach their target and alter cell membrane functions much more
effectively than in the absence of the enzymes. Malathi (Unpublished) has
cstablished a correlation between disease expression and production of
secondary metabolites viz., toxin and enzymes viz. cellulotytic (cellulase)
and pectinotytic (exo and endo PGs, PMEs) enzymes by the pathogen <.
Jfaleatum. She further established that reduction in symptoin production by
the pathogen on sugarcane due to microbial inactivation of enzymes. Studies
are in progress to characterize the protein(s) at gene level.

Future prospects and conclusions

Microbes can provide useful genes that are either absent in plants or
more potent in biological activity than their plant equivalent. A typical
example, which involves compounds with direct antimicrobial activity,
considers the use of antifungal chitinolytic enzymes. Given the proven
abilities of agriculturally useful Trichoderma strains to secrete enzymes
and other antimicrobial compourtds, a lot of attention has been focused on
the role of CWDEs and antibiotics in mycoparasitism or antagonism with
phytopathogenic microbes (Kubicek er af. 2001). Although studies based
onynutants and targeted gene disruption have been carried out by different
groups, the redundancy in the Irickoderma genome of CWDE-encoding
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genes has made it difficult to identify enzymes required for biocontrol
independently of the strain and system used. The progress made in this
area of wark clearly suggests that these fungi have a variety of molecular
weapons that can be used in different combinations depending on the
microbe they are confronting or the plant they are colonizing. However,
this has also demonstrated the abundance of biotechnologically valuable
proteins and secondary metabolites that Trichoderma can provide and much
less has been done on identifying genes and proteins that play a role in the
interaction between the different Trichoderma strains and the plant. The
complexity of the system, which requires more than one player to act as
the same time has strongly indicated that a more holistic approach is
necessary to make a leap forward in our understanding of the biological
processes involved. For these reasons, several groups have recently started
using protcomics (Grinyer et al. 2005) and {unctional genomics analysis
in the attempt to obtain an overall picture of the changes that occur in the
Trichoderma, plant, pathogen expressomes when they “talk” to each other,
cspecially when an increase in disease resistance is generated (Woo ef al.
2006).

Trichoderma expressed sequence tag (EST) libraries made under a
large variety of inducing conditions arc being processed, and entire genome
sequencing initiatives have been launched both in United States and Europe.
The studies performed on the proteome of Trichoderma spp. interacting
with pathogens and plants have already provided many novel data that
improve our understanding on how these fungi search for pathogen, talk to
the plant, and protect themselves from toxicants. Trichoderma sp. is able
to produce atleast three different types of elicitors made of enzymes or
peptides, avr proteins and oligosaccharides or low molecular weight
compounds released by the action of specific Trichoderma enzymes on
fungal and plant cell walls (Woo et al. 2006).

Understanding the mechanism of interaction between Trichoderma
spp. and the plant has provided for the first fime that the oppertunity to
genetically increase the ability of a 77 atroviride strain to induce systemic
resistance. Brunner ef af. (2005) using Trichoderma strain Pl over
expressing a glucose oxidase gene from Aspergillus niger cstablished that
the mutants perform much better than wild type both as mycoparasite and
ISR inducing agents. In this case, the mutant spores applied to bean secds
produced plants which were more resistant to icaf infections by B. cinerea
compared with those treated with wild type, mainly because of the high
glucose oxidase activity expressed by the genetically improved Trichoderma
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spp. catalyzed the production of hydrogen peroxide and reactive OXygen
species that systemically altered the plant defense mechanism. Proteom,
and genome analysis have greatly enhanced our ability to conduct holjstic
and genome-based functional studies. Woo et al. (2006) have identifieg
and determined the role of a variety of novel genes and gene-products
including ABC transporters, enzymes and other protcins that produce 0;
act as novel elicitors of induccd resistance, proteins responsible for a gene.
for-gene avirulent interaction between Trichoderma spp. and plants,
mycoparasitism-related inducers, plant proteins specifically induced by
Trichoderma, etc.

However, an approach based on protcomics alone may not be
sufficient to obtain a complete data set for describing microbial interactions.
Therefore, further studies are necessary for proteins whose quantitative
profile changes, €.g. by generating knockout strains for phenotypic analysis.
Despite some inherent limitations, protecmics is a useful method, and an
important complement to other approaches for studies of microbial
interactions and identifying novel antifungal genes.

The work performed so far with microbial genes indicates that a
significant improvement of plant resistance may be obtained in a variety of
ways, but attained mainly by producing enzymes that degrade pathogen
structures, enzymes that synthesize antimicrobial compounds or selective
toxins. However cach approach needs a tailor made strategy to minimize
any detrimental effects on the acceptor plant and the expression system. A
responsible use of fungal and bacterial genes for genetic improvement
should produce a minimal effect on the ecosystem and contribute safely to
a more productive and less chemicaily dependent agriculture, Work in the
country on ¢cloning and identiying new antifungal genes from microbes is
scanty and more studies arc required by different groups to cater to our
need.
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Microbizl control of insect pests

S Devasahayam

Microorganisms are associated with insects in several ways. They
are useful as food of insects, in decomposing complex food materials into
simpler substances for easy digestion and assimilation, in providing nutrients
which are deficient in insect food, and also in causing diseases. The use of
microorganisms pathogenic to insccts or by their products in insect pest
control 1s termed as microbial control. Microbial control forms an important
component in integrated management of insect pests of many crops across
the world.

History

Though the term microbial control was first suggested by Steinhaus
in 1949, the idea of utilizing microbes for the control of insect pests however,
had a very early beginning. The fact that insects (especially honey bee and
silkworm) are affected by diseases was known even during the time of
Aristotle. Bassi in 1935 demonstrated the infectious nature of the white
muscardine fungus Beauveria bassiana on silkwonn and other insects. The
concept of unlizing a disease to control insect pests was first shown by
Metchnikoffin 1879 who demonstrated that the grubs of the beetle Anisoplia
austriaca can be infected with the green muscardine fungus Metarhizium
anisopliae. The first commercial product of 2 microbial pesticide, Sporeine,
containing Bacillus thuringiensis was produced during the late 1930s in
France.

Groups of insect pathogens
Viruses

Viruses have been isolated and described from more than 800 species
of insects. Insect viruses are broadiy classified as inciusion viruses and
non-inclusion viruses. Inclusion viruses may be polyhedral or granular and
the polyhedral virus may be called nuclear or cytoplasmic according to its
site of multiplication. Nuclear polyhedrosis viruses are more common it
Lepidoptera, Hymenoptera and Diptera and granular inclusion viruses in
Lepidoptera. Insect viruses are particularly suited to low input local
production units and though labour intensive, do not require high-cost
capital investment.
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Bacteria

The bacterial pathogens, which affect insects, are broadly classified
as spore formers and non-spore formers. There are both obligate spore
formers like Bacillus popillae and facultative spore fortners like B.
thuringiensis. About 100 spccies of entomopathogenic bacteria have been
described among which B. thuringiensis is well known. Various commercial
formulations of the bacteria arc now available that are widely used for the
management of various insect pests in the world. The most widely used
biopesticides are those based on B. thuringiensis. Wider use of B.
thuringiesis in developing countrics not only depends on effective control
and environmental safety aspects but also on reduced cost effective
procedures for their manufacture.

Fungi

Fungi form the largest group of insect pathogens and more than 500
species have been reported from different insect hosts belonging to
Lepidoptera, Coleoptera, Homoptera, Hymenoptera and Diptera. In most
of the cases the adults are more commonly affected than the larvae. Various
fungal pathogens are being commercially produced, the most common being
Beawveria bassiana and Metarhizium anisopliae. Entomopathogenic fung
have been exploited on a reasonably large scale in many developing
countries in predominantly local production units utilizing agricultura
byproducts.

Protozou

Protozoan pathogens belonging to the Class Sporozoa contain severa
pathogens infecting Lepidoptera, Coleoptera, Orthoptera, Hemiptera anc
Diptera. However, the role of protozoa as microbial agents in insect pes
management is [imited due to their difficulty in mass multiplieation am
field application and no commercial use has been reported.

Characteristics of insect diseases
Pathogenicity

Pathogenicity is the ability of a strain of microorganism to produc
diseases in various hosts. Virulence is the pathogenicity of microorganism
against a specific host under eontrolled conditions within a group or specie
of microorganisms. Infectivity is the capacity of the pathogen to sprea
from one host to another.

Transmission
Insect diseases are transmitted in various ways among whic
ingestion of an infective stage of the insect pathogen is the most commoi
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Some insect pathogens such as fungi can directly enter the insect body
through the cuticle and also through body openings of the insect. Many
insect pathogens can be transmitted from an infected female via the cgg tc
her offspring. Certain insect pathogens may also be transmitted from one
insect host to another through hymenopterous parasites, which carry the
pathogens on their ovipositor and introduce thein into other insect hosts
during oviposition.

Heost range

Some insect pathogens are host specific and infect only one or very
few insect species the same family. Some of the inscct viruscs are restricted
to insect species of the same genus, while other insect viruses infect insect
species of other families and occasionally difterent orders. Other insect
pathogens have a very broad host range capable of infecting many inscct
species. The bacterium B. thuringiensis infests larvac of more than 50C
species of insects belonging to Lepidoptera, Diptera, Hymenoptera,
Coleoptera and other orders. Generally entomopathogenic fungi have a
wide host range infecting many inscct species belonging to different orders.

Persistence

Most inscet pathogens have evolved resistant stages in their life cycle
that persist in soil, foliage, faeces or cadaver of insects. Spore-forming
bacteria are capable of persisting in the environment for many years outside
the host. Polyhedra of the nuclear polyhedrosis virus of somc inseets can
survive in soil for over S years. However, certain non-inclusion inseet viruses
can persist outside the host for a few weeks only. The persistence of the
pathogen especially outside its host and its pathogenicity is dependent on
environmental factors such as sunlight, relative humidity and temperature.
Higher temperatures decreases the infectivity of insect pathogens especially
vtruses. Higher humidity is ideal for the multiplication and development
of fungal pathogens.

Symptoms of insect discases

Most insect diseases cause typical behavioral changes and disorders
in insects peculiar to the disease. The affected insects may be markedly
restiess and irritable during early stages of the disease. Later they become
lethargic and sluggish in their movement after the disease is well developed
and may become moribund devoid of all movements. The affected insects
also assume characteristic coloration distinguishing them from hcalthy
insects. The change in coloration may be uniform over the entire body or
only in spots or blotches due to changes within the affected tissues or duc
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to the presence of the organisms themselves. The infected insects alsg
undergo physiological disturbances such as regurgitation of food, discharge
of fluid from the anus and lack of sensitivity to heat, light and touch.
Changes in consistency of body tissue and fluid are also seen in some
infections and the tissue may thicken or liguefy and the body may become
cloudy or milky. The body wall may rupture and fluid may oozc out giving
a putrefying odour. The chitinous cuticle may also become brittle. The
various symptoms depend upon the type of insect pathogen affecting the
insect.

Diagnosis of insect discases
Collection of dead specimens

The dead insect specimens should be collected in vials with a part
of the substraie to avoid loss of essential symptoms of infection.
Accumulation of excessive moisture inside the vial should be avoided. All
materials should be transported without exposure to extremes of
tempcratures and storcd in the refrigerator until further study.

Examination of pathogenic symptoms

The dead insect specimens are to be examined for grass symptoms
and the group of insect pathogens causing the disease may be tentatively
identified.

Viruses

The dead larvae may be found hanging or tying on a leaf with no
filamentous structures on the cuticle, The cuticle may be fragile rupturing
easily when disturbed and releasing the body contents, which become
liquefied. Sometimes, white masses of fat body may be visible through the
cuticle and the host body may take a bluish iridescence.

Bacteria

The body of the dead insect may be soft or dricd to a scale and dark
in colour with dark body fluid and tissues emitting a putrid odour. However,
in certain cases the body may be white or reddish depending on the pathogen
infecting the insect. Some lepidopteran caterpillars may be found hanging
by their prolegs from plants.

Fungi

Body mummified, hard and does not integrate in water and
sometimes filled with or covered with filamentous hyphac with tufts of
hyphae growing out between segments. The affccted insects may be found
clinging to stems of plants with legs wrapped around or stuck to substrate
with a white halo of spores on the surface surrounding them.
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Protozoa

Body soft and breakable or dnied to a scale that yields a milky mass
in water.

Examination of tissues

Since there is much of overlapping and similarity in gross symptoms
caused by various groups of pathogens, diagnosis of a particular group
rcquires microseopic examination of tissucs and body fluids as wet mount
or smear or as histoiogical sections. The dissecting microscope and the
compound rescarch microscope are essential tools in diagnosing diseases
of insccts. A phase contrast microscope would enable viewing of structures
such as bacterial spores, inclusion viruses and protozoans more clearly
without staining. However, an electron microscope may be required for
diagnoses of viruses,

Isolation, culture and pathoegenicity tests

The comnmon method of isolating inclusion viruses is to keep the
infected larvae in a vial with distilled water for a few days and the inclusion
bodies will accumulate as a white layer on the bottom of the tube. The
inclusion bodies can be separated from other contaminants by filtration
and centrifugation and stored under refrigeration. For isolation of bacteria,
the diseased insects are sterilized externally with alcohol, and rinsed in
sterile distilled water. The specimens are dissected and the blood and body
fluids are streaked in nutrient agar medium. The agar plates are incubated
at room temperature overnight and the bacteria isolated in pure culture and
maintained. For isolation of fungal pathogens, the diseased insect is surface
sterilized in alcohol, rinsed in sterile water and the specimen brokcn and
the picecs placed on PDA or suitable media. The plates are incubated at
20-25°C and observed for growth and sporulation and pure cultures are
maintained. Pathogenieity tests are then performed, preferably on the same
specics of insect and Koch's postulates are to be proved to obtain conclusive
evidence on the inscet pathogen.

Advantages of microbial control

Microbial control of insect pests docs not result in toxic residues
and is highly specific so that beneficial inscets and other non-target
organisms are not affecied when compared to chemical pesticides provided
basic precautions have been undertaken. Insect pathogens are compatible
with chemical pesticides and can be easily incorporated in integrated pest
management schedules since they are compatible with other means of
control such as host plant resistance, cultural control and biological control.
The devclopment of resistance by the host to insect pathogens is also slow
in most cases. A desirable feature of inicrobial pathogens is that thcy are
capable of reproduction and have the potential to multiply themselves in
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the field. A large numbcr of microbial pathogens arc casy to mass-produce
on natural substrates, which are cheaply availabic and also provide avenues
of employment for rural pcople. Moreover the production processes depend
on lower capital though labour intensive making them ideal for developing
countrics.

Disadvantages of microbial control

The high dcgree of specificity to the host makes them ecologically
and cnvironmentally attractive, but their narrow host range prevents their
successful use in situations where when a complex of pests are 1o be
controlled on a crop. The timing of application of microbial pathogens is
also critical and sometimes difficult to judge. The efficacy of many microbial
pathogens varies with climatic conditions and is influenced by sunlight,
temperature, humidity, rainfall substrate and habitat. Though culturing of
most insect pathogens is casy, they are ditficult to store in virulent and
viable conditions for a long period.

The present scenario

The market for microbial pesticides is growing though it represents
less than 1% of the total crop protection market most of which is accounted
for by Bt based products. The estimated market for biopesticides is around
LSS 500 million worldwide. At present biopesticides have a compctitive
advantage in small markets where competition from conventional cheinicals
is limited. In India use of microbial pathogens is on the increase and many
small entrepreneurs have taken up its manufacture. However, many of them
have little or no quality consciousness lecading to lack of {aith among the
farmers in adopting microbial pathogens {or the management of insect pests,

There ate remendous oppartunities far genetic improvement of
microbial pathogens for increased virulence, persistence, host range,
stability in storage and amenability for low cost mass production, which
would lead to their increased adoption in pest management schedules.
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