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PREAMBLE

Prol. S. N. Banerjee, the renowned indian Mycologist attached to the University

of Calcutta, bein! one of the founder members of lndian Mycological Society

"urv"0 
tt" So"i"iy as an Edilor since its inception in 1954 Later in 1970 he

became the President of the Society and served till '1977 He and his associ-

ates lontrtouteo substantially lo the knowledge of higher fungi, especially tim-

0", ,ouing Basidiomycetes. I lelt greatly honoured when I have been requested

io a"fiu"i Prof. S. N. eane4ee t+tn Memorial Lecture in the University of

CuLr,,u on 11th January, 2013. As a researcher in the area of Plant pathogen

inili""tio" we pay our homage to Prol Banerjee and his colleagues who de-

voted to advance the research on physiological and pathological aspects of

iunl"t, mi"robi.t o,ganisms What we d;scribed in the present deliberation' the

in"E"tig"tio" of pla"nt defense mechanism against various pathogens is relied

in in"'"iiong tor"oation lhe stalwarts set about sixty years back'

Crop yield is greatly affected by plant diseases caused by diverse types of

"',fiil;.. 
ihl b*iwav to contioiptant disease so lar has beenlhe cultivalion

of disease resistant plants. However resistant breeding is limited by non-avail-

abitity of either or both diverse resources for resistance trait and resistance trait

linked molecular markers. Hence research etforts have been diverted to identify

sources for novel resistant traits as well as to understand the underlying mecha-

nism of plant immunity. A proper understanding about the machinery adapted

l'v pi*tJi" lrrir" againsitne pathooen is ess;ntial for identifving key plavers

lri iruni a"i"n"" ,".p-on"". Advancei in omr technologies have lead to gen-

"iJtion 
ot 

"nornlou, 
amount of data and has vaslly progres'sed our knowledge

about plant immune responses and signalrng pathways Present review sum-

,*ir"a ou, present understanding ab'out ptant innate immunity and the role

played by molecular and omic techniques'

'Fourteen Dr. S.N Baneriee Memorial Lectu

Januarv, 2013 at the Archana Sharma l\'4emo

ot Bol;ny, University of Calcutta Kolkala
.tsampi@mail.jcbose ac.in, sampadpb

re delivered on 1'lth
rial Hall, Department

@gmail.com
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INTRODUCTION

Human civilization is largery dependent on plant

and plant products for food security and economy

Hence, plant diseases have been a matter of ma'

ior concern and ol active research The magnitude

and nature of losses caused by plant diseases vary

witn tne nost plant, pathogen, environmental con'

ditions and management practices' The crop loss

may be minor to levere depending on combina-

iion ot tf,"se factors. The crop yield is affected in

ine rieto as in case ol most diseases, or during
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storage as in case of rots of fruits and vegetables.
Sometimes the losses may be in terms ol quality
rather than quantity, as in case of spots, blemishes
and blotches on fruits or vegetables, thus reduc-
ing the market value of the product. The best ap-
proach to control plant disease so far has been
the cultivation of disease resistant plants. However
resistant breeding is limited by non-availability of
either or both diverse resources for resistance trait
and resistance trait linked molecular markers.
Hence research efforts have been diverted to iden-
tify sources for novel resistant traits as well as to
understand the underlying mechanism of plant
immunity. Modern molecular techniques, compara-
tive and functional genomics have not only largely
augmented knowledge about the pathways and
mechanisms involved in plant defense but also
provided us with tools to apply this knowledge for
agricultural benefits.

The study of plant- pathogen interaction gained a
new dimension when H. H. Flor proposed the
classical gene{or-gene hypothesis (Flor 1946). He
showed that the inheritance of both resistance in
the host and pathogenic ability of the disease caus-
ing organism is controlled by pairs of matching
genes. He proposed that for each gene of resis-
tance (R-gene) in the host there is a correspond-
ing avirulence (avr-gene) in the pathogen and for
each gene for virulence in the pathogen these is a
gene for susceptibility in the host. ln early 1970s, it
was firsl discovered that plants are able to per-
ceive microbe derived compounds resulting in in-
duction of phytoalexin (Anderson-Prouty and
Albersheim '1975, Keen '1 975). Later, it was dis-
covered that plant cell wall derived polysaccharide
may also induce phytoalexin production (Hahn et
al. 1 981). Further studies showed that plants treated
with microbiai elicitors become resistant to subse-
queni pathogen infections (Ayers et al. 1976,
Hadwigerand Beckman 1980). These observations
gave rise to the concept of plant innate immunity
and lead to intense search for identifying more elici-
tors. Through innovative blochemical and cell cul-
tural techniques many elicitors i.e. oligosaccha-
rides, peptides, lipids as well as plant responses
to the elicitors i.e. reactive oxygen species (ROS)
production, medium alkalization, protein phospho-

Even though many R-genes were identified and
predicted to recognize microbial elicitors, based on
structural similarity to animal receptors, their inter-
action with elicitors could not be established as the
cognate elicitors remained elusive. A clear idea
about receptor-elicitor interaction was obtained wilh
identification ol tlg22, a peptide present at the N-
terminal region of llagellin protein, as a strong elici-
tor of immune response in Arabidopsis (Felix et al.
1999) and isolation of the corresponding receptor
, FLS2 (G6mez-G6mez and Boller 2000).The dem-
onstration that FLS2 binds flg22 provide the first
molecular evidence of direct receptor-elicitor inter
action (Chinchilla et al. 2006, Ziplel el al.2004).
Further it was discovered that mutation in FLS2
compromised immune response and made
Arabidopis susceptible lo Pseudomonas syingae.
These discoveries ignited the interest of molecu-
lar biologists to delineate the mechanism of elici-
tation of plant immune response; availability to
genomic information and techniques of compara-
tive genomics facilitated the discovery of many
more R-genes and microbial elicitors (Table 1).

Plant lmmune System - an overuiew

Knowledge so far obtained about molecular struc-
ture of elicitors and thelr cognate receptors is far
from complete; nevertheless it provides a frame-
work |or understanding plant immune response
(Boller and Felix 2009, Jones and Dangl 2006,
Nurnberger et al. 2004). Plants have evolved hvo

On plant innate immunity

Plant lnnate lmmunity - development of the
concept

lJ. Mycopathol. Res. :

rylation were also discovered (Boller 1995, Felix
et al. 1991, Hahlbrock et al. 1995, Kuchitsu et al.
1993). However the receptors in plant cell respon-
sible for perceiving these elicitors remained elu-
sive. lt was not until advent of advanced genetic
technology in 1990s that the first receptors were
isolated from multiple plant species. These included
NBS-LRR domain containing protein RPS2 from
Arabidopsis (Mindrinos et al. 1994), TIR domain
containing Flax L6 (Lawrence et al. 1995) and
Tobacco N protein (Whitham et al. 1994), tomato
PTO kinase (Martin et al. 1993), rice XA21 recep-
tor kinase (lkeda et al. 1990, Khush et al. 1990)
and tomato receptor-like protein CFg (De Wit et
al. 1985). The discovery of these R-genes and their
role in pathogen perception established that plant
immunity involves diverse mechanisms and mol-
ecules.
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Extracellular
space
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Flg. I : pAMps from plant pathogens are recognized by cell surface PRRS and elicii PAMP-triggered immunity (PTl). Many PBRS

int;act with ttre retated protein i.e. BRASS|NosiEBotD iNsENStTlvE 1-ASSoC|ATED KINASE 1 (BAKI) to initiate the PTI signaling

pathway. pathogens deliver etfectors proteins into the host c€ll, these iniracellular effectors often act to suppress PTl. Howevor, many

!ft""toi" 
"r" 

reiognized by intracelular nucteotide-binding (NB)-LRR receptors, which induces effector-lriggered immunity (ETl)

(Adapted lrom Jones et a/ 2006 and Dodds et a/ 20'10).

*og*

Dt
lli

rllf;

"ou* 
i

{el

!

i

"iI

H

t

@
t,1
\v/

I

t

Ftg.2: Symptoms of Bacteriat leaf blight disease in Rice caused b y Xanthomonas otyzae pv. atyxae l(oo) in resistant 
-(1ET8585) 

and 
'' '

"ri""ptil1" iinzat pf"nts. A. xoo inocu-lated 55 days old resistant planl. B. xoo inoculated 55 days old susceptible plant. c. Leaves trom

ig aays oto xoo inoculated resistant ptant. D. Leives irom 18 days old Xoo inoculated susceptible plant. E Scanning Electron micro'

oraohs ot transverse section of leaves lrom 18 days old Xoo inoculated resistant plani. F. Scanning Electron micrographs of transverse

;ection of leaves kom 18 days old Xoo inoculaled susceplibte plant.

stralegies for detecting pathogens: one uses trans- ond uses intracellular receptors to detedt patho-

memb,-rane pattern re;ognition receptors (PRRs), gen virulence effectors (Fig 1) (Ausubel 2005,

on lhe external lace of the host cells; and the sec- Chisholm et al. 2006). PRRS recognize the slowly

c
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TOIAL IIUMB ER OF DIFF EREI.ITIALLY
EXPRESSED TRANSCRTPTS
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Flg. 3: Vein diagram representing ove ap of total transcripts between mock keated and pathogen treated samples as well as functional
categorization of up-regulated transcripts and down-regulated transc.ipts. (Adapted from G:ewal et al.2o1i).
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Fig. 4: Schematic diagram showing the disease cycle of Fusaium oxysporum L sp c/ben race 1 and in ptanta palhogen progression
(Adapted from Gupta et al.2009).
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Flg' 5: A oDNA'AFLP analyses showing upregulated and downregulated transcript derived fragments (TDFS). B. percentage of TDFS
diflerentially expressed during pathogen attack. C. Clustering of differentialty expressed transcripts. o. itustering of defense responsive
transcripts related to direct defense, wounding, signaling and metabolic components (Adapted from Gupta et ai 2oog).
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evolving MAMPs or PAMPs (Microbe/ Pathogen

associated molecular patterns), such as bacterial

flagellin or fungal chitin (Dodds and Rathjen 2010,

Zipfel and Felix 2005) or DAMPs (Danger associ-

ated molecular patterns) such as cell wall or cu-

ticular fragments or other endogenous molecules

released by pathogen invasion (Dodds and Rathjen

2010). Stimulation of PRFIs results in PAMP'trig-
gered immunity (PTI) that can halt further coloni-

zation. Successful pathogens however deploy ef-

fectors that suppress PTI resulting in effector-lrig-
gered susceptibility (ETS) (Jones and Dangl 2006).

Direct or indirect recognition ol a given effectors

by specific intracellular receptor leads to effector-

triggered immunity (ETl). Since effectors are vari-

able and dispensable natural selection drives patho-

gens to diversify the existent etfector genes to avoid

ETI orland to evolve new ones to suppress ETl.

Natural selection again comes into play and re-

sults in acquisition ol receptors with new specifici-

ties by the host plant thus triggering further amplF

tied ETI (Dodds and Rathjen 201 0, Jones and Dangl

2006) (FiS 1). PTI and ETI generally give rise to

similar responses, although ETI is qualitatively

stronger and laster often giving rise to hypersen-

sitive response.

Looking for key players in Plant lmmune
System

A proper understanding about the machinery

201

adapted by plants to survive against the pathogen

is essential {or identifying key players in plant de-

fense response. Advances in omic technologies
have lead to generation of enormous amount of

data about immune signaling and responses. lt is
now known that plant receptors on interaction with

their cognate elicitors trigger complex signaling
pathways leading to activation of defense associ-

ated proteins. However for a plant to be able to

mount resistance it must recognize the invading
pathogen at early stages of infection and must be

able to rapidly activate defense pathways. The fol-

lowing case studies highlight the complexities of

early defense in model cereal (rice) and legume

(chickpea) crops

The Rice-Xanthomonas case studv

Rice is a popular cereal crop grown in tropical, sub-

tropical and temperate regions of the world. lt is a

major food crop of more than sixty percent oI the

world and contributes to fifty-two percent of total

food grain production in lndia. Bice as a lood sourcg .-,,..,....

is very important in developing world, where it is
often equated with ,ood security. The changes in

rice availability and its cost have far reaching so-

cial and political ramifications. Rice is affected by

various biotic and abiotic factors resulting in huge

gap between yield potential and aclual yield. Bac-

terial blight caused by Xanthomonas oryzae pv.

oryzae (Xoo) is a very devastating disease ol rice.

Sampa Das and Others
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Fig, 6 : A. Network showing the interaction of tive (marked in asterisks) defense responsive genes (homologues obtained from

iiitioop"i" tnatiana dataoaie, TA1R) using Pathway Studio (version 7). B. Schematic representation showing the inter relationship

between the delensive molecules anO theii downstream signaling. Mar'ked components represent the identilied transcripts from the

chickpea-Fusanum case study (Adapted from Gupta el al 2009, Gupta el al' 2010)'
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It is distributed in all the maior rice growing areas
of the world including Asia, Africa, America and
Oceania. lt is a rod-shaped, round-ended, Gram-
negalive bacterium with a single polar ,lagellum.
The bacteria enter through hydathodes or wounds
on roots or leaves. Once inside the vascular sys-
tem it multiplies inside the xylem vessels, completely
clogging them. Bacterial leaf blight appears on
leaves of rice plants as yellowish green or grey
green water-soaked streaks near leaf tip or mar-
gins (Fig 2). These lesions expand and coalesce,
eventually the whole leaf and then the whole plant
is affected and dies. Availability of genomes of both
rice and Xoo has opened up new avenues, includ-
ing microarray technology, for studying host-patho-
gen interaction in both contenders.

ln our present investigation Microarray technology
was used to delineate the transcriptomic changes
taking place in susceptible 1R24, an elite indica
cultivar and resistant (1ET8585) genotypes of rice
after inoculation with Xoo. lET8585 is an indica rice
line often cultivated as BLB (bacterial leaf blight)
resistant check and can withstand wide range of
Xoo pathovars. Since early recognition is required
for resistance, the study carried out by Grewal
el.al ( 2A12) focused on investigating the differen-
tial gene expression one hour after inoculation; 274
genes were found to be differentially expressed in
resistant plant compared to susceptible ones, of
these 1'12 were up-regulated and 73 were down-
regulated in lET8585 as compared to lR24 (Grewal
el al. 2012). The microarray results were validated
using quantitative PCR analysis (Grewal et al.
2012). Through comparison of transcriptomic data
and gene interaction maps it was iound that the
major up-regulated cluster constituted of cell sig-
naling proteins and transcription factors while
growth and basal metabolic components were
largely down-regulated (Fig 3). Further the data
suggested that as the plant faces the pathogenic
challenge it suspends its growth till it can spare
the resources. This study highlighted the complex-
ity of defense pathways; calcium signaling, lipid
signaling as well as I\4APK cascade were found to
be modulated by signals from surface and cytoso-
lic R-proteins to arouse jasmonic acid and ethyl-
ene signaling and to suppress auxin signaling
through lranscription factors (Grewal et al. 2012).
Components ol primary as well as secondary me-
tabolism were adjusted to mount appropriate de-

lJ. Mycopathol. Res. :

fense responses. The gene modulations under-
taken by plant cells at one hour after inoculation
highlight the ability of plant cells to rapidly mount a
complex delense response.

The Chickpea-Fusarium case study

Chickpea (Cicer arietinum L) is the most important
pulse crop of lndian sub continent and ranks thlrd
in the list of internationally important pulse legumes
(www.fao.org). The crop grows well in tropical, sub-
tropical and temperate regions of the world
(Muehlbauer and Singh 1987). lt is valued greatly
for its high nutritional content among which 25%-
29% comprises of easily digestible protein. lt is also
considered important from the economical point
of view especially in undernourished countries
where high cost animal protein fails to reach the
native mass. But every year about 10"/o-9jyo ctop
yield is lost due to fungal attack by wilt causing
fungus Fusarium oxyspcrum f. sp clceri (Foc)
(Haware and Nene 1982). This soil or seed borne
pathogen has two different pathotypes. The yel-
lowing pathotype induces foliar yellowing with vas-
cular discoloration while the more devastating wilt
causing pathotype induces rapid chlorosis, flaccid-
ity, and vascular discoloration (Haware and Nene
1982). The fungus colonizes in the xylem vessels
and completely blocks the ascent ol sap, thus re-
sulting in wilting of the entire crop (Cho and
Muehlbauer 2004). Eight pathogenic races of F.
oxysporum l. sp. cicerl have been identified (races
0, 1, 1 B/C, 2, 3, 4, 5, and 6) till date, of which races
1, 2, 3, and 4 are known to exist in India (Haware
and Nene 1982). Races 0 and .18/C induce yel-
lowing of intected plants while the rest cause wilt-
ing. Unlike others, only race l, known to have wide
geographic distribution has received prime inves-
tigative concern jn lndia as well as worldwide. AF
though, Fusarium wilt is primarily managed by
implementing natural resistant breeding strategies,
but unavailability of high yielding resistant cultjvars,
breakdown of natural resistance over period of time
and generation as well as variability of'
pathovarieties strongly limit the progress of resis-
tant breeding programs (Jim5nez-Gasco et al.
2004). Hence, a comprehensive biochemical as
well as molecular study of the interaclions of resis-
tant and susceptible chickpea cultivars with the
pathogen is needed for developing effective breed-
ing programs and producing cultivars with sustain-
able resistance. ln addition, optimization of gene

On plant innate immunity



Sampa Das and Others

transfer technology is also an essential prerequi-
site for developing eflective broad-spectrum resis-
tant crops which again require thorough under-
standing of the plant-pathogen inter-chemistry.

ln an attempt to identify the molecular components
inducing plant defense upon infection with F.
oxysporum t. sp. ciceri race 1 (Foc1), experiments
were designed to trigger disease responses in both
susceptible and resistant plants and monitor the
expression of stress induced genes/ gene
fragment(s) at transcript levei. Microscopy revealed
in planta pathogenic establishment and their na-
ture of progression within the host (Fig 4). oDNA-
Amplified fragment length polymorphism (cDNA-
AFLP) followed by homology search helped in dif.
ferentiating and analyzing the up and down regu-
lated gene fragmenls (Fig 5). Some of the impor
tant transcript derived fragments (TDFs) were ho-
mologous to genes related to early defense,
wounding, secondary metabolism as well as sev-
eral others linked to primary metabolism of ihe host
(Gupta et al. 2009) (Fig 5). Beverse transcriptase
polymerase chain reaction (rt-PCR) and real time
PCR (qRT-PCR) analyses also confirmed the early
recognition of wound inducing pathogen by the
host. Networks of interacting pathways and cellu,
lar processes also showed that the interplay be-
tween fungus and host induced changes in primary
metabolism and generated defense signals (Fig
6) in combating pathogenic encounter (Gupta et
al. 2010) Besides, this study also highlighted the
limitations of hypersensitive response mediated re-
sistance especially when the central solute con-
ducting machinery of the host plant is the primary
site for biotrophic fungal colonization.

On the whole, with the results obtained so far the
study predicts that in case of compatible interac-
tion Focl establishes within the host, triggers HR,
targets the host's primary metabolism and over-
powers host resistance. Conversely, in case of in.
compatible interaction the pathogen is sensed early
by the resistant plants, its establishment within the
host is delayed, HFI intensity is comparably lower
than the susceptible variety and host primary meta-
bolic signals somehow compensate lor the patho-
gen-induced damage (Gupta et al. 2010). Thus,
further characterization of all the identified defense
responsive genes and their roles is needed to pro-
vide a better conclusive depiction of the plant-
pathogen interaction study.

203

lmproving Plant lnnate lmmunity

The plethora of information so far obtained sug-
gests that plant defense response is a very com-
plex phenomenon, involving differential regulation
of many pathways and crosstalk amongst them at
different levels. However it also provides the means
to identify key regulators of plant defense and tools
to manipulate these regulators to develop plant
resistance. Fleceptors of conserved microbial sig-
natures have been used for engineering broad-
speclrum resistance into plants against pathogens
that were not previously recognized (Fradin et al.
2009, Lacombe et al. 2010, Song et al. 1995); trans-
fer of XA2l trom Oryza longistaminata lo Oryza
satlya induced resistance to Ax2l containing
Xanthomonads; overexpression of OsBAKl in
transgenic rice enhanced resistance to
Magnoporthea oryzae (Li et al. 2009). ln past at-
tempts were also made to enhance plant immu-
nity by overexpressing indivldual components of
defense pathways (Stuiver and Custers 2001).
Grapevine phytoalexin resveratrol biosynthetic
pathway was engineered into tobacco and tomato
(Hain et al. 1993, Thomzik et al. 1997).
Overexpression of hydrolytic enzymes l.e.
glucanases, chitinases have been used to en-
hance plant immunity in wheat and rice (G6mez-
Ariza et al. 2007, Narasimhan et al. 2009, Shin et
al. 2008). Antimicrobial peplides of biological or
synthetic origin have also been introduced into
transgenic plants (Marcos et al. 2008,
Rahnamaeian et al. 2009). However these ap-
proaches have mel with limited success since
boosting of individual components of elaborate
defense pathways result in relatively weak or highly
narrow spectrum immunity (Gurr and Rushton
2005, Marcos et al. 2008, Stuiver and Custers
2001). But now, with accumulation of knowledge,
designing strategies to boost the immune response
in its entirety has become possible. NPRI, a key
regulator of systemic acquired resistance (SAR),
over-expression have been used in many crops to
induce immunity (Chern et al. 2005, Makandar et. . , -"... ,....

al. 2006, Spoel and Dong 2008). Similarly consti-
tutive expression of MAPKS or immunity associ-
ated transcription factors enhances broad-spec-
trum immunity (Century et al. 2008, Yamamizo et
a|.2006).

CONCLUSION
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depends upon llre balance between pathogen con-
lrol and --iircX ori plant growth, in depth study of
effects of an irrmunity booster on plant physiology
is essenlial, rvhich is now possible through
proteomics and metabolomics. The genomic era
has provided us with an enormous arsenal to de-
sign strategies against pathogens. lt has provicjed
us tools to look for no!,el receptors, which will be in
continuous need as new pathotypes evolve. A bet-
ter understanding of plant defense response have
helped us to identify major regulators of plant de-
fense response, which may be used to enhance
systemic acquired resistance or hypersensitive
response against necrolrophs or biotrophs as the
case may be.
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