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Research Experience

July 2009 - May 2017 Ph.D. Thesis: “Characterization of powdery mildew causing Erysiphe
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UGC-BSR-RFSMS Fellowship (2012-2015)

July 2008 - July 2009  Project JRF, at Indian Institute of Millets Research, Rajendra Nagar,
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DBT project: “Genetic transformation of Indian sweet sorghum
genotypes using Bz gene constructs and molecular analysis.”

The work involved introduction of Bf genes, ¢y 1 Aa, and ¢y 1B in
Indian sweet sorghum genotypes, SSV-84 and RSSV-9 to induce
resistance against spotted stem-borer, Chilo partellus using genetic
transformation methods as _Agrobacterium-mediated transformation,
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in an institute project on intra-specific and inter-specific hybridization
of male sterile lines of sorghum with wild relatives and maize lines
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1.

Culture and maintenance of micro-organisms: Fungal and bacterial culture
maintenance in the form of glycerol stocks and stab cultures.

Genetic transformation: _Agrobacterinm-mediated transformation, particle bombardment
and 7 planta method.

Plant tissue culture: Tissue culture using explants as immature embryos, immature
infloresences and shoot apical meristems, methods as Gus and Basta assays.

Molecular Biology: Plasmid isolation, genomic DNA isolation, restriction digestion,

PCR, ligation, heat shock transformation, electroporation, DNA gel elution, RAPD-



SCAR marker approach (random amplified polymorphic DNA- Sequence characterized
amplified region), Southern blotting.

Proteomics: Protein isolation and proteome profiling using LC-MS/MS protocol,
Protein over-expression analysis by SDS-PAGE.

Morphological analysis: Characterization of fungal specimens using Laser scanning
Confocal Microscopy (LSCM) and Scanning Electron Microscopy (SEM).

Plant pathology: Detached and whole plant assays using fungal pathogens for
pathogenicity assays.

Computational Biology: Data mining using ENTREZ, BLAST, etc., Sequence
submission and retrieval systems, homology searches, pairwise alignment and multiple

sequence alighment and phylogenetic software MEGA; STRING analysis.
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The 34™ Annual Research Gala at School of Life Sciences, University of Hyderabad,
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ARTICLE INFO ABSTRACT

(_ ~  Keywords: E. pisi Is an ascomycete ber causing powdery mildew disease of garden pea. It is a biotrophic pathogen,
Erysiphe pisi requiring a living host for its survival. Our understanding of molecular mechanisms underlying its pathogenesis
Proteome Is limited. The identification of proteins expressed in the pathogen [s required to gain an insight into the

nano-LC-MS/MS i
Pwdary e functional mechanisms of an obligate biotrophic fungal pathogen. In this study, the proteome of the anamorphic

Gacdealoe stage of E pist pathogen has been elucidated through the nano LC-MS/MS approach. A total of 328 distinct

Shotgun proteomics proteins were detected from Erysiphe solates infecting the susceptible pea cultivar, Arkel. The. proteome fs
available via ProteomeXchange with identifier PXD010238. The functional classification of protein accessions
based on Gene Ontology revealed proteins related to signal transduction, secondary metabolite formation and
stress which might be involved in virulence and pathogenesis. The functional validation carried through dif-
ferential expression of genes encoding G-protein beta subunit, a Cyclophilin (Peptidyl prolyl cis-transisomerase)
and ABC transporter in a time course study confirmed their putative role in pathogenesis between resistant and
susceptible genotypes, JI2480 and Arkel. The garden pea-powdery mildew pathosystem is largely unexplored,
therefore, the Identified proteome provides a first-hand information and will form a basis to analyze mechanisms
Involving pathogen survival, path is and virul

1. Introduction the genetic and molecular nature of interactions between powdery
mildews and their hosts, mostly on powdery mildew fungi infecting
Garden pea (Pisum sativum L) is an important edible legume crop barley, wheat and Arabidopsis thaliana, the model pl ndsched ‘
cultivated worldwide. The crop is consumed as vegetable and pulse due et al,, 2011, 2009; Hacquard et al., 2013; Spanu, 2014; Spanu et al., -
to its high nutritive value and is also used as fodder for cattle. Erysiphe 2010; Wicker et al., 2013). Though pro studi we be !
Ppisi is an obligate biotrophic fungal pathogen which causes the de- reported in the fungus, Blumeria gr
c structive powdery mildew disease in garden pea worldwide. The dis- / the Poacea
ease appears as white specks on infected pea leaves which gradually
infect the whole plant resulting in loss of nutrients to the fungus, dis-

tissues. This devastative disease affects pea yield

oductivity potential leading to 25-50% yield losses globally

1963;
er and
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Abstract  Erwiphe pisi. Erysiphe baeumleri and
Erysiphe trifolii cause powdery mildew discase in
garden pea. So far, three genes erl, er2 and Er3
imparting resistance against E. pisi have been reported
in pea. The £ pisi isolate used in this study, EpOl
(GenBunk Accession No. KM096758) was identified
using the internal transcribed spacer sequence of the
ribosomal DNA region. Testing of garden pea
germplasm lines and cultivars against E. pisi pathogen
under green house conditions revealed varying levels
of resistunce. The resistant control lines J12302,
112480 and P660-4 with reported resistance genes
erl, er2 and Er3 respectively showed significant levels
of resistance to the E£. pisi isolate, EpOl while the
susceptible control lines, Messire and Lincoln showed
significant levels of susceptibility. Out of the forty six
pea lines (including the control lines) tested, three
lines were found to be highly resistant, three lines were
resistant, eighteen lines were moderately resistant,
twelve were moderately susceptible, six were suscep-
tible and four lines were highly susceptible. The
molecolar screening using SCAR markers for er/

Electronic supplementary material  The online vernsion of
this article (doi:10.1007/510681-015-1511-3) contains supple-
mentary material, which is available to authorized users.
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gene, Sc-OPO-18,00, Sc-OPE-16,600, SCOPX 0440
and ScOPD 1045, did not lead to identification of er/
gene due to lack of expected amplification with Sc-
OPE-16600 and Sc-OPO-18;,99 while no polymor-
phism was observed between resistant and susceptible
controls with ScCOPX 044y and ScOPD 1045y. The
SCAR marker for er2 gene, ScX17_1400 led to
identification of twenty four lines that may be carrying
er2 gene while SCAR markers for Er3 gene. SCW41;
and SCAB 174, helped identify four lines as potential
sources of Er3 gene.

Keywords Garden pea - Powdery mildew disease
Erysiphe pisi - SCAR markers - Percent disease index -
erl, er2 and Er3 resistance genes - EpOl (GenBank
Accession No. KM096758)

Introduction

Garden pea (Pisum sativum L.) is one of the most
important edible legume crops cultivated worldwide.
The crop is a rich source of nutrients and is consumed
as either a vegetable or a pulse and also used as fodder
for cattle. The pea seeds with an estimated total protein
content of 22 %, serves as a rich source of protein and
fibre. Among the pathogens that infect garden pea, the
powdery mildew disease caused by the fungal
pathogens belonging to Erysiphe sps., is a devastative
disease affecting crop yield and its productivity
potential. Losses due to the disease are severe causing
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( ARTICLE INTFO ABSTRACT

Keywords: The biotrophic fungus, Erysiphe pisi is the chief causal agent of powdery mildew disease of garden pea. A genome-
Garden pea wide search using in-silico approach was carried to detect putative pathogenicity and virulence genes of £ pisi,
::""":K"‘r“c'l")‘;""“““r‘ ’ since information about these genes and their interaction with pea is limited. Nineteen putative pathogenicity
,l:;:“:?pa"m::“:'y":l “’“ gene sequences were detected through genome-wide pathogenicity gene-search and confirmed them to be
Vicoleaes : conserved in K pisi through genomic PCRs. Fifteen of these genes expressed through reverse transcriprase-
insllEo‘gene pearch polymerase chain reaction (RT-PCR) amplifying expected band size along with fungal and plant specific internal

controls, Gene sequencing and annotation revealed them to be Erysiphe-specific. A time course study was carried

to monitor expression of nine of these genes through real-time quantitative (QRT)-PCR in Erysiphe-challenged
plants of powdery mildew resistant pea genotype, JI-2480 carrying er2 gene and susceprible pea cultivar, Arkel.
Expression of these genes was differentially and temporally regulated. They were found mostly related to sig-
naling; cCAMP-PKA (cPKA, CRP and AC) and MAPK (MST7) pathways along with MFP, TRE and PEX which are
reported pathogenicity factors in other ascomycete members indicating that similar conserved pathways func-
tion in E. pisi also. mmwumm«wmmmmmuw-cMh
Arkel compared to JI-2480 implying them as pathogenicity factors. The elevated level of expression of MEP, TRE,
m.mmsnemmmzmmm;ﬂpunmmm genes
voluamlelnnvh'ulmcelnn-mmﬂmﬂlm

dmm-x‘mms&;,. ol
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Plant protein phosphatases: What do we know about their
mechanism of action?

Malathi Bheri, Swati Mahiwal, Sibaji K. Sanyal and Girdhar K. Pandey 3
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Keywords ik Protein phosphorylation is a major reversible post-translational modifica-
dephaspharylahion: Dustspecificty tion. Protein phosphatases function as ‘critical regulators” in signaling net-
Phosphamses: matallodepandent protein through  dephosphorylation  of proteins, which have been

mﬁ ::s‘u.""‘?"‘f‘»u i phosphorylated by protein kinases. A large understanding of their working

@ AT 'miu_ g SRR has been sourced from animal systems rather than the plant or the
phosphatases; Protein Tyrosina prokaryolic systems. The eukaryotic protein phosphatases include phos-
Phosphatases: Senne/Threonine-specific phoprotein phosphatases (PPP), metallo-dependent protein phosphatases
phosphatasas (PPM), protein tyrosine (Tyr) phosphatases (PTP), and aspartate (Asp)~de-
& pendent phosphatases. The PPP and PPM families are serine(Ser) thre
% MM' S onine(Thr)-specific phosphatases (STPs), while PTP family is Tyr specific.
‘ frodey, Dual-specificity phosphatases (DsPTPs/DSPs) dephos rylate Ser, Thr,

i Ty e T sequence homology with
difference in catalytic mechanisms, while the P

a similar structural fold indicating a ¢

catalytic cysteine (Cys) residue in the
of the PTPs acts as a nucleopl

require metal ions, which
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ARTICLE INFO ABSTRACT

Keywords
Reaclive oxygen species (ROS)
Phosphoprotein phosphatases (PPP)

The cellular redox state is vital for the survival of all living systems. The dynamic nature of reactive oxygen specics
(ROS) are reflected in their functioning both as a damage causal and control agent. They are known primarily for

of prog; d cell death (PCD) in case of pathogen attacks to prevent

Mctallo-dependent protein phosphatases (PPM)
Protein tyrosine phosphatases (PT1) hosphatase(s) and ki

causing oxidative d and inds
pathogen proliferation, while at low levels, they act as signal

ducer(s) in different signaling pathways. Protein
di the ible post | | difi of proteins, thereby, reg

Serine/threonine phosphatases a4 ber of signali

. In plant systems, protein kinases oumumbcr the protein phwph:lmss

Dual specificity phosphatases (DSPs) ul.‘lung A

which is countered by lhc dwcm funcuonal assemblage of the latter. Protein p

ph are redox-regulated

PP2A

PP2C through reversible oxidation of critical Cysteine (Cys) residues leading to their :chvanon and inactivation. Thus, their

TP diversity and critical i ina ber of cellular p , which require redox homeostasis as a crucial

DsPTP element, brings them under the control of redox regulation. The observations made with regard to their involvement

Stress in photo-oxidative stress and involving ROS as signaling molecules, make a strong case for the potential of
protein phospk in ROS signaling, with an emphasis on stress biology. In this review, we present the common

ground on which ROS and protein phosphatases operate in view of their regulatory functions.

1. Introduction

Protein phosphorylation, an important reversible post-translational
modification involved in the regulation of a number of critical cellular
processes, occurs in a coordina(ed manner through two classes of en-
zymes, the kinases and the p h The ki transfer the y-
phosphoryl group of donor ATP to the acceptor protein side chains,
while the phosphatases dephosphorylate the phosphoproteins (Batford,
1996). At least two-thirds of human cellular proteins are phosphory-
lated with phosphorylation on Serine (86.4%), Threonine (11.8%) and
Tyrosine (1.8%), respectively (Olsen et al., 2010, 2006). The eukaryotic

protein phosphatases are cl d as the phosphoprotein phosphatases
(PPP), llo-dependent protein phosph (PPM), p tyrosine
phosphatases (PTP), and Aspartate-depend phosph (Kerk

et al., 2008; Uhrig et al., 2013a). The PPP and PPM families are Ser/
Thr-specific phosphatases (STPs) while PTP are Tyr specific. Dual-spe-
cificity phosph (DSP’s) dephosphorylate all three phosphor-
esidues (Keyse, 1995; Stone and Dixon, 1994; Tonks and Neel, 1996).
The PPP family includes PP1, PP2A, PP2B (Calcineurin, found in fungi

functions while the PPM family includes PP2C phosphatases and other
Mg** or Mn?*-dependent protein phosph (Kerk et al., 2008). The
classical PPP family in eukaryotes also includes Shewanella-like (SLP)
biales-like (RLPH) phosphatases and ApaH-like
(ALPH) phosphatases that are highly similar to PPP-like protein phos-
phatases with a prokaryotic origin (Andreeva and Kutuzov, 2004; Uhrig
et al.. 2013b; Uhrig and Moorhead, 2011). The molecular evolution of
these bacterial-like PPP classes identified in eukaryotes involve ancient
mitochondrial/archaeal origin and lateral gene transfer. SLP phospha-
tases are absent in red alga, cyanobacteria, by , animalia and
archaca, but found in plants, mosses, and green algae (Uhrig and
Moorhead, 2011). Homologs of eukaryctic protein phosphatases, PTPs,
low molecular weight PTP (LMWPTP), PPPs and PPMs are present in
archaea as well as bacteria and function as translation factor(s), small
ribosome-associated GTPase, phosphotransferase system, stress re-
sponses, phosphoprotein anti-anti-sigma factor, sigma B regulator, ne-
gative effector of development, purine biosynthesis, transcriptional
regulator and histone-like protein(s) (Pereira et al., 2011). The human
proteome encodes up to 255 phosphatases (Sacco et al., 2012), having

1 (5 Rhi

and animal sy only), di ly related PP4-7 with unknown implications in cancers, auto-immune disorders and inherited genetic
“ This article is part of a special Issue entitled is “Revisiting the role of ROS and RNS in plants under a changing envi " published at the journal
Envi | and E | Botany 161.
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