ResearchGate

See discussions, stats, and author profiles for this publication at:

Analysis of differentially expressed genes in
Curcuma amada and Zingiber officinale upon
infection with Ralstonia solanacearum by
suppression subtractive hybridization

Article /1 Acta Physiologiae Plantarum - December 2013

DOI:10.1007/s11738-013-1362-2

CITATIONS READS
3 146

6 authors, including:

™

# Indian Institute of Spices Research

57 PUBLICATIONS 107 CITATIONS 8 PUBLICATIONS 21 CITATIONS

d w& Indian Institute of Spices Research

SEE PROFILE SEE PROFILE

SAVEETHA ENGINEERING COLLEGE

70 PUBLICATIONS 288 CITATIONS

SEE PROFILE

Allin-text references are linked to publications on ResearchGate, Available from: Rosana O. Babu
letting you access and read them immediately. Retrieved on: 17 September 2016


https://www.researchgate.net/publication/258845606_Analysis_of_differentially_expressed_genes_in_Curcuma_amada_and_Zingiber_officinale_upon_infection_with_Ralstonia_solanacearum_by_suppression_subtractive_hybridization?enrichId=rgreq-e38a164b2d80cc1b59f051d52a6d73fa-XXX&enrichSource=Y292ZXJQYWdlOzI1ODg0NTYwNjtBUzoxMDQ0NDg2MDUwMzI0NDhAMTQwMTkxMzg5NjA3MQ%3D%3D&el=1_x_2
https://www.researchgate.net/publication/258845606_Analysis_of_differentially_expressed_genes_in_Curcuma_amada_and_Zingiber_officinale_upon_infection_with_Ralstonia_solanacearum_by_suppression_subtractive_hybridization?enrichId=rgreq-e38a164b2d80cc1b59f051d52a6d73fa-XXX&enrichSource=Y292ZXJQYWdlOzI1ODg0NTYwNjtBUzoxMDQ0NDg2MDUwMzI0NDhAMTQwMTkxMzg5NjA3MQ%3D%3D&el=1_x_3
https://www.researchgate.net/?enrichId=rgreq-e38a164b2d80cc1b59f051d52a6d73fa-XXX&enrichSource=Y292ZXJQYWdlOzI1ODg0NTYwNjtBUzoxMDQ0NDg2MDUwMzI0NDhAMTQwMTkxMzg5NjA3MQ%3D%3D&el=1_x_1
https://www.researchgate.net/profile/D_Prasath?enrichId=rgreq-e38a164b2d80cc1b59f051d52a6d73fa-XXX&enrichSource=Y292ZXJQYWdlOzI1ODg0NTYwNjtBUzoxMDQ0NDg2MDUwMzI0NDhAMTQwMTkxMzg5NjA3MQ%3D%3D&el=1_x_4
https://www.researchgate.net/profile/D_Prasath?enrichId=rgreq-e38a164b2d80cc1b59f051d52a6d73fa-XXX&enrichSource=Y292ZXJQYWdlOzI1ODg0NTYwNjtBUzoxMDQ0NDg2MDUwMzI0NDhAMTQwMTkxMzg5NjA3MQ%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Indian_Institute_of_Spices_Research?enrichId=rgreq-e38a164b2d80cc1b59f051d52a6d73fa-XXX&enrichSource=Y292ZXJQYWdlOzI1ODg0NTYwNjtBUzoxMDQ0NDg2MDUwMzI0NDhAMTQwMTkxMzg5NjA3MQ%3D%3D&el=1_x_6
https://www.researchgate.net/profile/D_Prasath?enrichId=rgreq-e38a164b2d80cc1b59f051d52a6d73fa-XXX&enrichSource=Y292ZXJQYWdlOzI1ODg0NTYwNjtBUzoxMDQ0NDg2MDUwMzI0NDhAMTQwMTkxMzg5NjA3MQ%3D%3D&el=1_x_7
https://www.researchgate.net/profile/T_Prameela?enrichId=rgreq-e38a164b2d80cc1b59f051d52a6d73fa-XXX&enrichSource=Y292ZXJQYWdlOzI1ODg0NTYwNjtBUzoxMDQ0NDg2MDUwMzI0NDhAMTQwMTkxMzg5NjA3MQ%3D%3D&el=1_x_4
https://www.researchgate.net/profile/T_Prameela?enrichId=rgreq-e38a164b2d80cc1b59f051d52a6d73fa-XXX&enrichSource=Y292ZXJQYWdlOzI1ODg0NTYwNjtBUzoxMDQ0NDg2MDUwMzI0NDhAMTQwMTkxMzg5NjA3MQ%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Indian_Institute_of_Spices_Research?enrichId=rgreq-e38a164b2d80cc1b59f051d52a6d73fa-XXX&enrichSource=Y292ZXJQYWdlOzI1ODg0NTYwNjtBUzoxMDQ0NDg2MDUwMzI0NDhAMTQwMTkxMzg5NjA3MQ%3D%3D&el=1_x_6
https://www.researchgate.net/profile/T_Prameela?enrichId=rgreq-e38a164b2d80cc1b59f051d52a6d73fa-XXX&enrichSource=Y292ZXJQYWdlOzI1ODg0NTYwNjtBUzoxMDQ0NDg2MDUwMzI0NDhAMTQwMTkxMzg5NjA3MQ%3D%3D&el=1_x_7
https://www.researchgate.net/profile/Manonmani_Anandaraj?enrichId=rgreq-e38a164b2d80cc1b59f051d52a6d73fa-XXX&enrichSource=Y292ZXJQYWdlOzI1ODg0NTYwNjtBUzoxMDQ0NDg2MDUwMzI0NDhAMTQwMTkxMzg5NjA3MQ%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Manonmani_Anandaraj?enrichId=rgreq-e38a164b2d80cc1b59f051d52a6d73fa-XXX&enrichSource=Y292ZXJQYWdlOzI1ODg0NTYwNjtBUzoxMDQ0NDg2MDUwMzI0NDhAMTQwMTkxMzg5NjA3MQ%3D%3D&el=1_x_5
https://www.researchgate.net/institution/SAVEETHA_ENGINEERING_COLLEGE?enrichId=rgreq-e38a164b2d80cc1b59f051d52a6d73fa-XXX&enrichSource=Y292ZXJQYWdlOzI1ODg0NTYwNjtBUzoxMDQ0NDg2MDUwMzI0NDhAMTQwMTkxMzg5NjA3MQ%3D%3D&el=1_x_6
https://www.researchgate.net/profile/Manonmani_Anandaraj?enrichId=rgreq-e38a164b2d80cc1b59f051d52a6d73fa-XXX&enrichSource=Y292ZXJQYWdlOzI1ODg0NTYwNjtBUzoxMDQ0NDg2MDUwMzI0NDhAMTQwMTkxMzg5NjA3MQ%3D%3D&el=1_x_7

Acta Physiol Plant (2013) 35:3293-3301
DOI 10.1007/s11738-013-1362-2

ORIGINAL PAPER

Analysis of differentially expressed genes in Curcuma amada and
Zingiber officinale upon infection with Ralstonia solanacearum
by suppression subtractive hybridization

D. Prasath - E. J. Suraby - R. Karthika -
O. B. Rosana * T. P. Prameela - M. Anandaraj

Received: 9 June 2013 /Revised: 14 August 2013/ Accepted: 27 August 2013 /Published online: 11 September 2013
© Franciszek Gorski Institute of Plant Physiology, Polish Academy of Sciences, Krakow 2013

Abstract  Bacterial wilt, one of the major diseases in
ginger is caused by Ralstonia solanacearum and lack of
resistant genotype adds constraints to the crop improvement
programs and for the management of bacterial wilt. Cur-
cuma amada is a potential donor for bacterial wilt resistance
to Zingiber officinale, if the exact mechanism of resistance
is understood. In this study, a PCR-based suppression sub-
tractive hybridization (SSH) was used to identify C. amada
genes that are differentially and early expressed in response
to the R. solanacearum infection compared to Z. officinale.
A forward subtracted library of differentially expressed
genes was synthesized by cloning DNA fragments
(300-1,200 bp) from subtracted sample and sequenced.
Upon computational analysis of the 150 SSH clones
sequenced, 119 produced suitable sequences of high
homology with the genes of known functions. These were
classified into three potential functional categories: proteins
involved in biological processes (31 %), cellular compo-
nent (43 %) and molecular function (26 %). Among these
differentially expressed genes, sequences coding for puta-
tive proteins related to defense response (high homology
between 85 and 100 % identity) were, cell wall-associated
hydrolase, xyloglucan transglycosylase (XTG), cytochrome
P 450, metallocarboxypeptidase inhibitor, peroxiredoxin,
nitrilase-associated protein, leucine-rich protein (LRR) and
glutathione-S-transferase (GST). The three transcripts were
discriminative: expression of LRR, GST and XTG was
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much higher in resistant species (C. amada) than in sus-
ceptible species (Z. officinale) at every time point. The
isolated ESTs reported here contribute to improve our
understanding about this plant—pathogen interaction.

Keywords Ginger - Curcuma amada - Bacterial
wilt - Suppression subtractive hybridization (SSH) -
Differentially expressed genes

Introduction

Ginger (Zingiber officinale Roscoe) is an important spice
crop belonging to the family Zingiberaceae which com-
prises 1,500 species all over the world. The dried under-
ground stem of ginger is used as spice as well as
condiment. Bacterial wilt caused by Ralstonia solanacea-
rum and rhizome rot caused by several species of oomy-
cetes pathogen, Pythium, incur serious economic loss in
ginger producing countries. Apart from its natural inci-
dence, the closely related Zingiberaceous members, Cur-
cuma amada, C. zedoria, C. longa, C. aromatica,
Kaempferia galanga, Elettaria cardamomum and Zingiber
zerumbet were evaluated for resistance to Ralstonia so-
lanacearum (Biovar3) and Pythium species (Kumar and
Hayward 2005; Kumar et al. 2006). C. amada, the Indian
mango ginger was found to be resistant to both pathogens
and Z. zerumbet, a wild relative of cultivated ginger was
found to be resistant to P. aphanidermatum (Kavitha and
Thomas 2008). Recent studies revealed a strong expression
of PRS5 genes upon R. solanacearum inoculation in
C. amada as compared to Z officinale in which the
expression is weak due to the presence of silencing element
binding factor (Prasath et al. 2011). It is important to
understand the network of genes that governs the resistance
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to R. solanacearum in C. amada as compared to Z. offici-
nale to engineer ginger for bacterial wilt resistance.
Resistance responses to plant pathogens are the focus of
intensive research, because current technologies offer the
possibility of genetic engineering in the plants for broad-
based effective resistance against pathogen (Veronese et al.
2003). Resistance responses can be divided into a series of
interrelated stages (Veronese et al. 2003; Glazebrook 2001;
Dangle and Jones 2001). The identification of genes
expressed during compatible and incompatible plant—path-
ogen interactions has contributed to understanding molec-
ular mechanisms involved in plant response, and defense
process (Fekete et al. 2009; Nascimento et al. 2009; Muk-
herjee et al. 2009; Schlink 2010); furthermore, such genes
have been employed successfully in the production of
transgenic plants (Latha et al. 2005; Zuo et al. 2007).
Subtractive suppression hybridization (SSH) is a power-
ful tool for gene expression profiling that effectively iden-
tifies genes differentially expressed under different
conditions or in different tissues (Diatchenko et al. 1996).
This method is relatively simple and easy, it can be used with
species for which there is little or no genomic information,
and the cDNAs isolated are typically longer than 100 bp and
can be effectively annotated using comparative genomics
(e.g., BLAST analysis). This method is often used to isolate
plant genes specifically expressed in response to pathogen
infection and to identify differences in the transcript profiles
of infected resistant and susceptible plants (Ros et al. 2004;
Aslam et al. 2010; Fan et al. 2010; Gor et al. 2010; de Souza
et al. 2011; Hirao et al. 2012). SSH selection reduces the
cloning of abundantly expressed housekeeping genes or
genes commonly expressed in both “tester” and “driver”
samples, and, therefore, normalizes the expressed cDNA
profiles during library construction. As a result, SSH selec-
tion significantly enhances the chances of cloning differen-
tially expressed genes. A successfully combined SSH and
cDNA microarray technology has been proved to be a
powerful tool to develop a high throughput screening pro-
cedure in identifying differentially expressed genes and their
expression profilings (Tian et al. 2003; Yang etal. 1999). We
report here, by employing the SSH strategy, the genes

associated with bacterial wilt resistance of C. amada at early
stage and speculation of possible mechanisms implied by the
transcription profiling of selected genes.

Materials and methods
Plant material and pathogen inoculation

Forty-five to 60-day-old C. amada and Z. officinale (IISR
Rejatha) plants maintained in the nethouse of Indian
Institute of Spices Research, Kozhikode were used for the
experiment. The virulent colonies of R. Solanacearum
(GRsMnt2), cultured on Casamino acid-Peptone-Glucose
(CPG) medium (Kelman 1954), were multiplied in sucrose
peptone broth (sucrose, 20 gl™'; peptone, 10 gl™';
K,HPO,, 0.5 gl™'; MgSO,, 0.25 gl™"; pH 7.2) for 2 days.
The bacteria was pelleted at 10,000 g for 20 min at 4 °C,
re-suspended in water and poured around the base of the
45-day-old plants, as water suspension at a concentration of
10” cells ml™" of water. The inoculated plants were mon-
itored for occurrence of bacterial wilt. All the ginger plants
wilted on seventh day after inoculation whereas no wilting
symptoms on C. amada were found. (Fig. 1).

RNA isolation

Total RNA was isolated from C. amada and Z. officinale at
1, 4, 8, 16, 24, 48 and 126 h after inoculation (hai) with
R. solanacearum and just before inoculation (0 hai) using
TRI reagent (Sigma). Poly (A) RNA was separated from
total RNA with Poly A purification Kit (MN, Germany)
according to manufacturer’s instructions.

SSH and construction of subtracted cDNA library

RNA samples derived from plants after 4 and 8 hai were
pooled and used to understand the early genes involved in
bacterial wilt resistance in C. amada by subtractive
hybridization. Suppression subtractive hybridization and
subtracted cDNA library construction were performed using

Fig. 1 The C. amada (a) and Z. officinale (b) plants non-inoculated and inoculated with R. solanacearum at 6 days after inoculation (dai) and 10

dai
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the PCR-Select cDNA subtraction kit following the guide-
lines of the manufacturer (Clontech Laboratories, USA).
Double stranded cDNA was produced from approximately
2 pg of poly (A+) RNA. The cDNA tester (C. amada) was
synthesized from a sample created by combining equimolar
poly (A) RNA from inoculated plants at 4 and 8 hai, while
to synthesize the cDNA driver, we used a sample created by
combining equimolar poly (A+) RNA from Zingiber offi-
cinale plants at 4 and 8 hai. After digestion with Rsal, the
tester cDNA preparation was divided into two subpopula-
tions, which were ligated to different adaptors and were
then hybridized with an excess amount of driver cDNA,
after which they were combined and hybridized again in the
presence of driver cDNA, without denaturing the DNA
before the second hybridization. The driver was not adap-
tor-ligated. Following the second hybridization, two rounds
of PCR were performed that could amplify only those
fragments which had two different adaptors to enrich and
amplify the differentially expressed sequences.

A complete control subtraction was performed in parallel
with the experimental subtraction using skeletal muscle
cDNA provided as driver. The skeletal muscle tester cDNA
was prepared by mixing control skeletal muscle cDNA with
diluted fX 174/Haelll control DNA provided in the kit.
After the preferential exponential amplification of differ-
entially expressed sequences in the tester sample, the sub-
tracted products were checked on a 1 % agarose/EtBr gel.
The subtracted cDNAs were introduced into pGEM-T
vector (Promega, USA) according to the manufacturer’s
instructions and inserted into chemocompetent Escherichia
coli DHSa cells (Invitrogen, USA). Randomly selected
recombinant white clones were checked for the presence of
insert fragments by performing PCR amplifications using
subtraction-specific adaptor primers (provided in the kit)
and selected colonies are sequenced.

Sequencing and basic local alignment search tool
(BLAST) analysis

Three hundred white positive clones from subtractive
cDNA library were selected for sequencing. The vector and
adaptor sequences were subsequently removed to obtain
the expressed sequence tags (ESTs). ESTs were compared
with database nucleotide collection (nr/nt) using blastx and
blastn (http://www.ncbi.nih.gov).

Quantitative real-time PCR (qPCR) gene expression
analysis

Three genes, LRR, GST and XTG with different transcript
abundances and functions were selected for qRT-PCR, and

their transcript levels were compared between resistant
(C. amada) and susceptible (Z. officinale) upon inoculation
with R. solanacearum. The housekeeping gene actin was
used as an endogenous reference for relative quantification.

DNase-treated RNA (5 pg) was reverse transcribed in a
total volume of 50 pl using SuperScript III Reverse Trans-
criptase (Invitrogen, Burlington, ON, Canada). Real-time
quantitative PCR was performed using 10 ngoftotal RNAina
20 pl reaction volume with SYBR GREEN PCR MasterMix
(Qiagen, Mississauga, ON, Canada) on a M x 4000® multiplex
Quantitative PCR system (Stratagene, La Jolla, CA, USA).
M x4000® v 4.20 software (Stratagene, La Jolla, CA, USA)
was used to design gene-specific primers (Table 1). For all the
genes studied here, the optimal primer concentration was
200 nM. RT-PCR conditions were as follow: 95 °C (15 min),
then 45 cycles of 95 °C (15 s) and 60 °C (30 s). The products
were further analysed by a dissociation curve program at
95-60 °C (16 s). All RT-PCR experiments, for each gene,
were run in triplicate with different cDNAs synthesized from
three biological replicates. Each sample was run in three
technical replicates on a 96-well plate. For each sample, a Ct
(threshold constant) value was calculated from the amplifi-
cation curves by selecting the optimal ARn (emission of
reporter dye over starting background fluorescence) in the
exponential portion of the amplification plot. Relative fold
differences were calculated based on the comparative Ct
method using the B-actin as an internal standard. To demon-
strate that the efficiencies of the different gene primers were
approximately equal, the absolute value of the slope of log
input amount versus ACt was calculated for three genes, and
B-actin genes, and was determined to be <0.1. To determine
relative fold differences for each sample in each experiment,
the Ct value for the four studied genes was normalized to the
Ct value for B-actin and was calculated relative to a calibrator
using the formula 24",

Table 1 The real-time quantitative PCR primers used for expression
analysis

Primer name Sequence 5'-3'

Actin
Forward (F) TAGGTGCCCAGAGGTTCTATT
Reverse (R) ACCGCTAAGCACCACATTAC
LRR
Forward (F) CAGCAGTTCTACCTCTGGTTC
Reverse (R) CGTCCCGTCCACATAAATCA
GST
Forward (F) TGCCGTCTTTGGAGCATAAC
Reverse (R) CGGGATCATCAGGCAGTAATTT
XTG

Forward (F)
Reverse (R)

CAGCAGTTCTACCTCTGGTTC
CGTCCCGTCCACATAAATCA
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The goal of this study was to identify differences in the
transcript profiles of mango ginger and ginger-inoculated
R. solanacearum to understand the difference in the defense
responses of resistant and susceptible individuals. Three
important experimental design elements enhanced the
clarity and relevance of our findings: (1) We used the most
resistant species of Zingiberaceae C. amada. (2) We sam-
pled inoculated plants (both resistant and susceptible) (3)
We used SSH, a powerful approach for identifying differ-
entially expressed genes regardless of their abundance.

Results
Isolation of differentially expressed ESTs by SSH

A subtractive library constructed from pooled samples
taken at two time points, 4 and 8 h hai, was used to identify
genes that are differentially expressed in resistant and
susceptible species as disease symptoms develop following
R. solanacearum inoculation to understand the early genes
involved in bacterial wilt resistance in C. amada. The
subtracted products on gel analysis appeared as a smear
ranging in size from 300 bp to 1.2 kb with 2—4 definite
bands clearly distinguishing them from the un-subtracted
sample control. The subtracted skeletal muscle sample
showed DNA fragments corresponding to the fX174/Haelll
digest. The control-subtracted sample provided in the kit
gave an identical pattern, which confirms the efficiency of
the control subtraction experiment. A forward SSH library
containing transcripts differentially expressed in C. amada
infected by R. solanacearum was constructed (350 colo-
nies) using RNA from C. amada as a tester and RNA from
Z. officinale as driver. Randomly selected subtracted clones
were PCR-amplified using the adaptor primer pair of the
subtraction. We sequenced nucleotides from the 5'-end of
150 cDNA inserts that were recovered in the library
(Table 2). Insert length varied from 300 to 1,200 bp.

Functional classification of the expressed genes in SSH
library and identification of differentially accumulated
genes

To annotate the putative gene and functional Gene Ontol-
ogy (GO) categories for the transcripts of the SSH library,
we compared non-redundant ESTs of each SSH library
with the GenBank non-redundant and EST databases using
the search programs blastx and blastn using the Blast2GO
program to understand comprehensive overview of C.
amada subtracted transcriptome. The 137 SSH sequences
showed high homology with the genes whose functions
were known and they were classified into seven functional
groups based on gene ontology terms (Fig.2). The
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transcripts related to photosynthesis category, such as
photosystem II cytochrome b559, photosystem II cp47
protein, photosystem II 32 kDa protein and mitochondrion,
were present at a higher percentage (accounting for 28 %)
in the subtracted library. This was followed by a “defense/
stress” functions category (20 %). This group included
genes showing a homology to leucine-rich repeats (LRR),
glutathione-S-transferase  (GST), cell wall-associated
hydrolase (CWH), xyloglucan transglycosylase/hydrolase
(XTG), cytochrome P 450, metallocarboxypeptidase
inhibitor and peroxiredoxin (Prx). Other categories inclu-
ded functions involving cell wall-associated hydrolases
(15 %), hypothetical proteins (13 %), senescence-associ-
ated protein (4 %), metabolism (3 %), and others (17 %) in
the library. Putative functions of all ESTs were annotated
based on the highest scoring matches by BLAST in NCBI.
Clones containing differentially expressed cDNAs of
C. amada were sequenced using M13 forward and reverse
primers. Of the 150 clones, sequenced, 137 produced suit-
able sequences and 13 had no identity with sequences in the
databases. To evaluate the specificity and diversity of the
transcripts that were specific in a time course, ESTs were
selected from the SSH library. Among these differentially
expressed genes, sequences coding for putative proteins
related to defense response during C. amada—R. solana-
cearum interaction (high homology between 85 and 100 %
identity) were, Leucine-Rich Repeats (LRR), glutathione-S-
transferase (GST), cell wall-associated hydrolase, Xylo-
glucan transglycosylase (XTG), cytochrome P 450, metal-
locarboxypeptidase inhibitor and peroxiredoxin.

Quantitative real-time PCR (qPCR) analysis of genes
potentially related to defense response processes

gPCR assays were performed to evaluate the expression
pattern of three genes potentially related to defense
response process in C. amada—R. solanacearum interac-
tion. The expression of three ESTs recovered (length

>400 bp) was assayed using qPCR; samples for the qPCR
analysis were collected from bacterial wilt resistant
C. amada and susceptible Z. officinale at 0, 8, 16, 24, 48
and 96 hai. The results of the qPCR analysis and SSH were
consistent. It indicated that, three ESTs were differentially
expressed (Fig. 3), expression levels of LRR gene showed
peak expression at 8 hai and then down-regulated in
C. amada, however, its response postponed at 16 hai in
Z. officinale, and showed further down regulation (Fig. 3a).
Expression of GST was up-regulated and reached a peak at
8 hai in C. amada and maintained higher expression up to
96 hai, however, in contrast, GST activity decreased dra-
matically in Z. officinale, except 48 hai (Fig. 3b). Levels of
XTG gene expression showed significant changes in
C. amada after inoculation with R. solanacearum at 8 hai
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Table 2 Differentially expressed cDNAs in C. amada infected by R. solanacearum
Accession number GenBank hit Best match in database E-value Sequence
identity (%)
Pathogenesis related proteins/plant defense
Al3 ABHO09321.1 Leucine-rich protein [Arachis hypogaeal 8E—12 65
A98 ACQ85266.1 Xyloglucan transglucosylase/hydrolase [Musa accuminate AAA Group] 3E-29 78
A39 ACAS58349.1 Putative nitrilase-associated protein [Sandersonia aurantiacal 4E—11 100
A102 XP_003616487.1 Metallocarboxypeptidase inhibitor [Medicago truncatula] 2e—30 94
A30 XP_003616487.1 Metallocarboxypeptidase inhibitor [Medicago truncatula] 6e—31 92
Al6 XP_003616487.1 Metallocarboxypeptidase inhibitor [Medicago truncatula] 5E—-50 77
SSHCa35 XP_003616487.1 Metallocarboxypeptidase inhibitor [Medicago truncatula] 4E-52 73
A132 ACF06618.1 Meloidogyne-induced giant cell protein-like protein [Elaeis guineensis] 2E—-67 72
A21 XP_002326305.1 Peroxiredoxin [Populus trichocarpal 1E-30 80
Al XP_003614400.1 Cytochrome P450 likeTBP [Medicago truncatula] 6.00E—-20 80
SSHCa26 XP_003614380.1 Cytochrome P450 likeTBP [Medicago truncatula] 1.00E-23 81
A4 AAA34096.1 Plasma membrane H+ ATPase, partial [Nicotiana plumbaginifolia] 5.00E—84 97
Stress related proteins
SSHCal ACF06541.1 Glutathione -s-transferase [Elaeis guineensis] 3E—56 76
Senescense-related proteins
Al4 BAB33421.1 Putative senescence-associated protein [Pisum sativum] 8E—39 77
Al8 XP_003616487.1 Putative senescence-associated protein [Cupressus sempervirens) 6E—53 92
SSHCa4 ACA30301.1 Senescense associated protein [Cupressus sempervirens) 2E—55 92
Metabolism
A3 XP_002278829.1 Triose phosphate/phosphate translocator TPT, chloroplastic [Vitis vinifera] 4.00E—=79 95
SSHCa7 XP_003612185.1 Ferredoxin-NADP reductase [Medicago truncatula)] 4.00E-36 86
SSHCa50 ABS82569.1 ATPase subunit III [Olea europaeal 4.00E—11 100
SSHCa20 BAD94694.1 Fructose bisphosphate aldolase like protein [Arabidopsis thaliana] 0.031 80
Cell wall-associated hydrolase
Al64 XP_003637074.1 Cell wall-associated hydrolase, partial [Medicago truncatula] 2.00E-33 96
Al152 XP_003637074.1 Cell wall-associated hydrolase, partial [Medicago truncatula] 2.00E—61 90
A9 XP_003637074.1 Cell wall-associated hydrolase, partial [Medicago truncatula) 9.00E—44 97
A2 XP_003637074.1 Cell wall-associated hydrolase, partial [Medicago truncatula) 2.00E-91 96
A8 XP_003614400.1 Cell wall-associated hydrolase, partial [Medicago truncatula) 3E-22 96

and then down-regulated. In contrast, the activity of the
XTG in Z. officinale peaked at 8 hai and then down-regu-
lated (Fig. 3c).

Discussion

The present study constitutes the first genome wide effort
to understand the molecular basis of a host—R. solana-
cearum interaction in C. amada compared to Z. officinale.
Suppression subtractive cDNA libraries from two species
(resistant and susceptible) from leaf tissues at the early
infection stage were constructed to identify spatial and
temporal transcriptional changes resulting from R. solan-
acearum infection. Because a whole ginger genome
sequence has not yet been completed, ESTs could serve as

an efficient alternative approach to the discovery of novel
genomic information. SSH library synthesized in this work
generated 137 SSH sequences and in silico analysis
revealed that some of the SSH genes isolated show high
identity with proteins playing known functional roles in
plant defense response against pathogen attacks.
Understanding how plant morphological and develop-
mental remodeling and pathogen cell wall targeted viru-
lence influence infections provides new perspectives about
plant—pathogen interactions (Cantu et al. 2008). R. solan-
acearum recognition by C. amada is expected to be the first
event after pathogen contact and can involve the partici-
pation of receptor molecules, such as the putative leucine-
rich repeat protein isolated here. Most plant disease resis-
tance (R) proteins contain a series of leucine-rich repeats
(LRRs), a nucleotide-binding site (NBS), and a putative
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Fig. 2 Pie charts showing
functional categories of 137
ESTs from SSH library in
C. amada in response to
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Fig. 3 Quantitative real-time PCR of transcripts differentially expressed in resistant and susceptible species following R. solanacearum
inoculation. The putative functional genes from a to ¢ were clearly discernible ESTs in resistant SSH libraries

amino-terminal signaling domain. Genetically, the LRRs of
plant R proteins are determinants of response specificity,
and their action can lead to plant cell death in the form of
the familiar hypersensitive response (Belkhadir et al. 2004).
Therefore, based on our results, it is possible that LRR
sequences participate in recognition and signal transduction
processes, leading to the activation of defense mechanisms.
Resistance and susceptibility do not depend not only upon
qualitative differences in the activated defense genes, but
also on differences in the timing and magnitude of their
expression (Thompson and Goggin 2006).

Plant cell walls are made of cellulose and other poly-
saccharide, which are long molecules of sugars. Some
bacteria and plants, such as rice, cabbage and mustard,
produce glycoside hydrolases and polysaccharide lyases.
When produced by bacteria, these enzymes degrade the
cellulose molecule in the cell wall, causing plant diseases.
However, plant-produced glycoside hydrolases are essential
in cell wall polysaccharide metabolism. Among 137
sequences, we found at least twenty cell wall-associated
hydrolases (CWHs) sequences potentially involved in cell
wall polysaccharide metabolism. CWHs are less prevalent
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among plant glycoside hydrolases that cleave structural
polysaccharides; however, several CBM49 and CBM22
modules are present in plant cellulases and xylanases,
respectively. The CBM49 modules are located in a sub-
family of GH9 plant endoglucanases, and one of these
modules was shown to bind tightly to crystalline cellulose
(Urbanowicz et al. 2007). It is possible that the GH9
CBM49-containing endoglucanases play a role in modu-
lating the structure of crystalline cellulose. Before
encountering the intracellular defense, a pathogen has to
face the cell wall and upon attack, various defense-related
polymers are synthesized to reinforce the cell wall at the
sites, of pathogen entry. One of the C. amada transcripts
isolated in this study has shown similarity to xyloglucan
transglycosylase (XTG) which is involved in the rear-
rangement of the cellulose/xyloglucan architecture in the
cell wall (Nishitani 1998; Sharmin et al. 2012). In conclu-
sion, it is possible that both the putative CWHs and XTG
enzymes can play important roles in avoiding C. amada
cellular disintegration during infection by R. solanacearum.

Invading pathogenic bacteria may produce stress-
inducing chemicals, such as phytotoxins, resulting in
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significant stress and damage to the host cells. Glutathione-
S-transferase (GST) participates not only in detoxifying
oxidative-stress metabolites, but also it is known to be
induced by infection or by treatments that invoke plant
defense reactions or by osmotic stress. The expression of
glutathione-S-transferase has been detected in incompatible
interactions (Hammond-Kosack and Jones 1996). Dean
et al. (2005) showed induction of two glutathione-S-trans-
ferase genes in tobacco upon infection by Colletotrichum
destructivum and Colletotrichum orbiculare and found
statistically significant increase in susceptibility of tobacco
to C. orbiculare infection when one of the GST genes was
silenced by virus-induced silencing. Seeming induction of
a glutathione-S-transferase homolog in C. amada SSH
library is reasonable because previous studies associated
induction of this gene with plant disease resistance. The
gene that is represented by the clone SSHCal may have
been induced due to the resistance response in the tester
plants, which were resistant.

One of the transcripts (A39) has 100 % similarity to
putative nitrilase-like protein which is reported to interact
with GCC Box DNA-binding proteins involved in ethylene
and defense responses to regulate PR gene expression (Xu
et al. 1998). The detoxification of ROS occurs in various
cellular compartments, such as chloroplasts, mitochondria,
peroxisomes and cytosol and the enzymes like ascorbate
peroxidase, catalase, glutathione peroxidase and superox-
ide dismutase are prominent antioxidant enzymes (Noctor
and Foyer 1998). The peroxiredoxins (Prx) are reported as
new components in the antioxidant defense network of
barley (Stacy et al. 1996). The subtracted transcriptome of
C. amada also shows similarity to peroxiredoxins. We also
isolated genes related to defense response, including
putative cytochrome P 450 which has been clearly related
to plant defense response against pathogens in compatible
and incompatible interactions (Luo et al. 1990; Oh et al.
1999; Kim et al. 2006; Ghose et al. 2008).

H+-AtPases can be functional in either disease or
resistance. Since pH of compartments is critical in signal-
ing events, H4 transporting ATPases may be regulated to
adjust compartment pH to direct signaling events. The
induced transcripts in this case may belong to genes that
function in regulating pH of cytoplasm or other compart-
ments to direct necessary defense signaling pathways.
Fusicoccin, the major phytotoxin from peach and almond
pathogen Fusicoccum amygdale, also stimulates H--
ATPase (Yang et al. 1997). One of the transcripts of
C. amada subtracted transcriptome library, A4 has 95 %
identity to auto inhibited H+4-ATP ases of Populus x
canadensis.

Our gPCR results showing the up-regulation of putative
LRR, GST and XTG genes at 8 hai indicate that the
C. amada defense response was activated during infection

by R. solanacearum. Thus, the very early and robust
accumulation of C. amada transcripts further indicates a
crucial role for these genes in the R. solanacearum resis-
tance machinery in C. amada.

Since many studies have reported the expression of
genes involved in plant defense in the early stages of
infection as a crucial step for an effective mechanism of
resistance to diseases, the identification of such genes
induced at a late stage of infection can help to explain the
success of R. solanacearum in causing the bacterial wilt in
ginger and its resistance mechanism in C. amada.

Using the SSH approach, we have also come across
several unknown/hypothetical genes. Either no homology
was found for these 18 genes using the NCBI database or,
despite homology to other genes, their function is still
unclear.

Conclusion

In this study, the first large-scale screening was performed
for genes preferentially expressed in C. amada challenge
inoculated by R. solanacearum. Some of those genes were
found up-regulated in C. amada and may play important
role in tolerating to R. solanacearum. This study will
undoubtedly shed light on defense signaling pathways in C.
amada and identifying genes in disease resistance pathway.
This is the first report of analysis of differentially expressed
transcripts in ginger by SSH technique. The ESTs identified
in this study should provide a useful genomic resource for
biologists and plant breeders in developing new strategies
for improving R. solanacearum-resistant ginger cultivar.
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