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Pathogenesis-related proteins play multiple roles in
plant development and biotic and abiotic stress tolerance. Here, we characterize a rice defense related gene
named “jasmonic acid inducible pathogenesis-related
class 10” (JIOsPR10) to gain an insight into its functional properties. Semi-quantitative RT-PCR analysis
showed up-regulation of JIOsPR10 under salt and
drought stress conditions. Constitutive over-expression
JIOsPR10 in rice promoted shoot and root development in transgenic plants, however, their productivity
was unaltered. Further experiments exhibited that the
transgenic plants showed reduced susceptibility to rice
blast fungus, and enhanced salt and drought stress
tolerance as compared to the wild type. A comparative proteomic profiling of wild type and transgenic
plants showed that overexpression of JIOsPR10 led to
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the differential modulation of several proteins mainly
related with oxidative stresses, carbohydrate metabolism, and plant defense. Taken together, our findings
suggest that JIOsPR10 plays important roles in biotic
and abiotic stresses tolerance probably by activation
of stress related proteins.
Keywords : abiotic stress, JIOsPR10, Magnaporthe oryzae, proteomics, rice
Plants are continuously exposed to various biotic and
abiotic stresses that results in significant decrease in their
productivity. During the course of evolution, plants have
developed multiple pathways that allow them to sense
and adapt these environmental stresses (Gupta et al.,
2015). Plant’s responses to stress include activation of ion
channels, production of reactive oxygen species (ROS)
scavenging enzymes, accumulation of hormones, and expression of stress tolerance genes (Fraire-Velázquez et al.,
2011). During multiple stresses, plants lead to a complex
interaction and crosstalk with multiple signals, and decide
the final output of stress-tolerance related genes (Rizhsky
et al., 2004). Therefore, plenty of genes are likely to function together and play multiple roles against combined
environmental stresses.
Among identified proteins, the pathogenesis-related
(PR) family proteins are a highly conserved protein fam-
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ily which is involved in plant immune responses (Stintzi
et al., 1993). Overexpression of PR proteins has ability
to enhance plants tolerance to pathogen infections. For
instance, overexpression of PR-5 protein in rice enhances
tolerance to Rhizoctonia solani (Datta et al., 1999), while
overexpression of pepper PR-1 in tobacco enhances host
tolerance to Phytophthora nicotianae, Ralstonia solanacearum, and Pseudomonas syringae (Sarowar et al.,
2005). Those PR proteins have also been reported to have
multiple roles in adaption to abiotic stresses, like express
pepper PR-1 protein in tobacco can enhance heavy metal
tolerance (Sarowar et al., 2005). Moreover, transgenic tobacco overexpressing a Trichoderma harzianum induced
endochitinase enhances the tolerance to both biotic (P.
syringae), and abiotic (salt and heavy metals) stresses (de
las Mercedes Dana et al., 2006). Therefore, study and utilization of PR proteins, which functions in both biotic and
abiotic tolerance, may provide new challenges in agriculture.
The PR proteins have been classified into 17 classes
based on their amino acid sequence, serological relationship, and biological activities (van Loon et al., 1994;
van Loon and van Strien, 1999). Among them, the PR10 family proteins are involved in multiple anti-pathogen
processes, and are generally localized in the intracellular
spaces (van Loon and van Strien, 1999). PR-10 family
proteins have conserved N-terminal sequences, but very
divergent in the C-terminus (Fernandes et al., 2013). The
PR10 family proteins consist of three α-helices and seven
antiparallel β-strands. Those structure elements enclose
a large hydrophobic cavity which is most likely related
with their functional relevance (Fernandes et al., 2013).
Several studies have shown that PR-10 proteins contain
RNase activities (Chen et al., 2007; Kim et al., 2008b;
Krishnaswamy et al., 2011; Xie et al., 2010), and cysteine
protease inhibitor activity (Andrade et al., 2010).
Previous studies have revealed that PR-10 family proteins are involved in anti-biotic stresses, such as antifungus (Chen et al., 2007; Xie et al., 2010), anti-bacteria
(Flores et al., 2002; Xie et al., 2010), anti-virus (Park et
al., 2004), and anti-nematode (Andrade et al., 2010). To
date, four different PR10 family genes have been characterized in rice: PR10a (McGee et al., 2001), PR10b
(McGee et al., 2001), jasmonic acid inducible pathogenesis-related class 10 (JIOsPR10) (Jwa et al., 2001), and
RSOsPR10 (Hashimoto et al., 2004). All those PR10 family genes are induced by Magnaporthe oryzae infection
and jasmonic acid treatment (Hashimoto et al., 2004; Jwa
et al., 2001; McGee et al., 2001), suggesting that those
PR10 family genes may be functional redundant in rice.
Moreover, phytohormone salicylic acid could activate the
transcriptional expression of leaf accumulated PR10a and
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JIOsPR10, but not the root specific RSOsPR10 (Hashimoto et al., 2004), indicating that PR10 gene regulation
in root and shoot may have different mechanisms. Moreover, rice PR10 genes are also induced by various abiotic
stresses, such as cold, salt and drought (Hashimoto et al.,
2004; Kim et al., 2008b), suggesting that PR10 protein
may have multiple function in tolerance to both biotic
and abiotic stresses. In this study, transgenic rice constitutively overexpressing JIOsPR10 was constructed. The
transgenic plants showed a promotion in root and shoot
development, and enhance tolerance to rice blast fungus,
drought and salt stresses. Proteomics analysis reveals
that plant defense related proteins as well as ROS related
proteins were also highly accumulated in overexpression
plant. These results implied that JIOsPR10 play a role in
multiple stress tolerance, which may important for future
agricultural applicants.

Materials and Methods
Plant material, growth conditions, and stress treatment. Rice seeds (Oryzae sativa cv. Dongjin) were sterilized with 70% ethanol for 10 min, then in 3% sodium hypochlorite for 30 min, followed by washing with sterilized
water for three times. Sterilized seeds were imbibed in
water at 4°C in dark for 3 days, and allowed to germinate
in standard rice soil (Monsanto, Seoul, Korea) in greenhouse or on Murashige & Skoog (MS) phytagel medium
at 28°C growth chamber (light/dark time, 16/8 h). For
drought and salt stress treatments, 10-day-old seedlings
were transferred into container containing either 20%
polyethylene glycol (PEG) 4000 or 150 mM NaCl solution. For drought stress to 5- to 6-leaf stages, pots were
kept on dried papers to remove water from the pots, and
plants were re-watered after 5 days. For salt stress to 4- to
5-leaf stage plants, rice in growth pots were transferred to
a container filled with 150 mM NaCl. NaCl solution was
changed each two days to maintain the concentration of
salt stress.
Fungal spore preparation and infection. M. oryzae
conidia (KJ301) was cultured on rice-bran agar medium
(25 g/l rice bran, 1 g/l sucrose, and 20 g/l agar). Aerial
mycelia were removed under fluorescent light to induce
synchronous conidia as described previously (Kim et
al., 2013). Conidial suspension (1 × 106 conidia/ml) was
inoculated to rice leaves using an air sprayer. Inoculated
plants were kept in a humidity chamber at 28°C. Leaf
phenotypes were confirmed at 72-h post-inoculation, and
the infection area were measured by Assess 2.0 software
(The American Phytopathological Society Press, St. Paul,
MN, USA).
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Vector construction, plant transformation, and genotyping. Full length of JIOsPR10 coding sequence was
cloned into pDONR201 vector and sequenced. Then, the
JIOsPR10 was constructed into pMJ101 vector containing a rice cytochrome c promoter (OsCc1 pro) and basta
selection marker (BAR) by using Gateway system. The
construct was transformed into Agrobacterium LBA4404,
and introduced into rice embryonic calli by selection on
MS medium contain 50 µM phosphinothricin. Regenerated plants were transferred to soil pots and grown in
greenhouse. Genotyping of these plants were carried out
by PCR with specific primer sets (Supplementary Table 1).

CA, USA). Gene specific primers were designed by Primer Designer 4 (Sci Ed Central, Cary, NC, USA), and summarized in Supplementary Table 1. The equal amount of
cDNA was optimized by OsActin2 (Os10g36650) primer
sets (He et al., 2009).

Southern blot analysis. Genomic DNA was extracted
from 10-day-old seedlings of wild type (WT) and JIOsPR10 transgenic lines. The genomic DNA was digested
with EcoRI, electrophoresed on a 0.8% agarose gel and
then blotted onto a nylon membrane (NEN Life Science,
Boston, MA, USA). BAR gene in the binary vector was
amplified by PCR and used as probe. BAR fragment was
labeled with [α-32P]-dCTP by using Prime-A-Gene Labeling System (Promega, Madison, WI, USA), and hybridized with the blotted membrane. The membrane was exposed to X-ray film (Fuji Film, Tokyo, Japan) for 3 days
at –80°C.

Protein extraction, proteomics analysis, and protein
identification. Total leaf proteins were extracted from
three independent biological samples and subjected to
PEG fractionation as described previously (Kim et al.,
2001; Wang et al., 2014). Briefly, leaf powder was homogenized in the Mg/NP-40 extraction buffer (0.5 M
Tris-HCl [pH 8.3], 2% [v/v] NP-40, 20 mM MgCl2, and
2% [v/v] β-mercaptoethanol) and centrifuged to obtain
clear supernatant. Supernatant layer was then precipitated by 15% PEG solution and stand by on ice for 30
min. Supernatant was collected after centrifugation at
12,000 rpm for 15 min, and precipitated with 4 volume
of methanol contain 0.1 M ammonium acetate. The 2-DE
gels were performed as described previously (Kim et al.,
2008a). Briefly, 250 µg of proteins of each samples were
dissolved in the rehydration buffer 9 M (w/v) CO(NH2)2,
2% (w/v) 3-[(3-cholamidopropyl)dimethylammonio]1-propanesulfonate hydrate (CHAPS), 0.002% (w/v)
bromophenol blue, 20 mM dithiothreitol (DTT), and 0.5%
(v/v) pharmalyte (pH 5–8) and were loaded on 18 cm IPG

RNA extraction and RT-PCR. Total RNA was extracted
from the leaves of WT and transgenic lines using TRIzol
regent (ThermoFisher, Darmstadt, Germany). Extracted
RNA was treated with DNase and precipitated with 2.5
vol of ethanol and 1/10 vol of 4 M sodium acetate. Five
micrograms of RNA was used for cDNA synthesis by
Superscript II reverse transcriptase (Invitrogen, Carlsbad,
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Measurement of water loss. The water loss from detached leaves of WT and transgenic lines was measured
by monitoring the fresh weight loss at the indicated time
points (Duan et al., 2012). For each time point, at least
twenty independent leaves from each genotype were used
for the measurement of fresh and dried weights.
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Fig. 1. Transcriptional regulations of jasmonic inducible pathogenesis-related class 10 (JIOsPR10) under drought (A) and salt (B)
stresses. Total RNAs were isolated from 10-day-old seedlings of wild type plant at indicated time points after treatment of 150 mM
NaCl (A) or 20% polyethylene glycol (PEG) 4000 (B). Rice actin1 was set as internal control. Error bars represent standard error of
three biological replicates of samples.
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strips (pH 4–7) by rehydration loading for 12 h. Second
dimensional separation was carried out on 12% sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDSPAGE) and the gels were stained with Coomassie brilliant
blue G-250 (CBB). The stained gels were scanned using
transmissive scanner (Powerlook III; UMAX, Fort Worth,
TX, USA), and images were analyzed with ImageMaster 2D Platinum software 6.0 (Amersham Biosciences
AB, Uppsala, Sweden). Protein spots were excised from
CBB-stained gels, digested with trypsin, and extracted
with method describes previously (Kim et al., 2008a).
Extracted peptide mixture was re-dissolved in dissolve
solution (distilled water:acetonitrile:trifluoacetic acid =
93:5:2), sonicated for 5 min, and spin down at 14,000 rpm
for 2 min. The peptide mixture was dropped on MALDI
plate in matrix solution α-cyano-4-hydroxycinnamic acid
(Sigma, St. Louis, MO, USA) in acetone (40 mg/ml). The
MALDI plate was then washed with 0.1% (v/v) TFA.
The gel spots were analyzed using a Voyager-DE STR
MALDI-TOF mass spectrometer (PerSeptiveBiosystems,
Framingham, MA, USA). Database searches were performed using Mascot (http://www.matrixscience.com)
and ProteinProspector (http://prospector.ucsf.edu/prospector/mshome.htm) as described previously (Kim et al.,
2008a).
Western blot analysis. Equal amount of total leaf proteins were separated on 12% SDS-PAGE and transblotted
to a PVDF membrane using semidry electrophoretic apparatus (Hoefer, Holliston, MA, USA). The transferred
PVDF membranes were blocked for 4 h at room temperature in 1× TTBS buffer (50 mM Tris-HCl, pH 8.2, 0.1%
v/v Tween 20, and 150 mM NaCl) containing 7% skim
milk. Membranes were then incubated with primary antibodies of DUF26-like protein, Beta-1,3-glucanse and Cu/
Zu-SOD, which were generated as described previously
(Kim et al., 2014), at 1,000-fold dilution for 1 h at room
temperature. Treated membranes were then incubated
with a secondary antibody (anti-rabbit lgG conjugated
with horseradish peroxidase; 5,000-fold dilution) for 2 h.
Membranes were washed with 1× TTBS (Tris-buffered
saline, 0.1% Tween 20) for 15 min, 3 times. Washed
membranes were then subjected to protein detection by
ECL (Perkin Elmer Life Sciences, Boston, MA, USA) using LAS4000 image system (Fujifilm, Tokyo, Japan).

Results
JIOsPR10 is induced under drought and salt stresses.
Previous report showed that JIOsPR10 protein was
induced by drought and salt stress in rice (Kim et al.,
2008b). To understand whether JIOsPR10 transcripts
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were induced in response to salt and drought stress, rice
seedlings of WT were exposed to drought (20% PEG)
and salt (150 mM NaCl) solutions and semi-quantitative
RT-PCR analysis was carried out. JIOsPR10 transcripts
were induced after 60 min and 30 min upon exposure to
drought and salt stress, respectively, and increased in a
time dependent manner (Fig. 1).
Molecular Characterization of transgenic rice overexpressing JIOsPR10. The role of JIOsPR10 in plant
defense is well established (Kim et al., 2004). Our results also showed induction of JIOsPR10 transcripts by
drought and salt stress, which prompted us to analyze the
biological functions of this gene in both biotic and abiotic
stress tolerance. The JIOsPR10 cDNA was constructed
under constitutive promoter (Fig. 2A), and introduced
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Fig. 2. Characterization of jasmonic inducible pathogenesis-related class 10 (JIOsPR10) overexpression plants. (A) Schematic
diagram of JIOsPR10 under rice cytochrome c promoter with
basta selection marker was used for transformation. RB, right
border; OsCc1 pro, rice cytochrome c promoter; TpinII, pinII
terminator; BAR, basta resistance marker; Tnos, nos terminator; LB, left border. (B) Genotyping of overexpression plants
by PCR with Basta selection marker specific primers. M, DNA
marker; EV, empty vector plasmid set as positive control; WT;
wild type. (C) Southern blot analysis of JIOsPR10 overexpression plants with BAR probe. (D) RT-PCR analysis of JIOsPR10
expression in WT and overexpression plants. Number indicate
the relative expression level of JIOsPR10 compare to actin2. (E)
Western blot analysis of JIOsPR10 in WT and overexpression
plants with JIOsPR10 specific antibody. Equal loading of protein samples was detected by PonceauS staining.
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into rice via Agrobacterium-mediated transformation.
Two independent transgenic lines, Ox-1 and Ox-3, were
produced and confirmed by PCR after Basta selection. A
A
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the constructed vector plasmid which set as positive control (Fig. 2B). Southern blot analysis indicated that both
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Fig. 3. Overexpression of jasmonic
inducible pathogenesis-related class
10 (JIOsPR10) promotes root and
shoot growth. Shoot (A) and root (B)
phenotypes of 7-day-old seedlings.
(C) Average shoot and root length
of wild type (WT) and JIOsPR10
overexpression plants. (D) Seed
weight of WT and JIOsPR10 overexpression plants. Error bars represent standard error of 20 individual
plants. *P < 0.01, **P < 0.001.
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Fig. 4. Overexpression plant of
jasmonic inducible pathogenesis-related class 10 (JIOsPR10) enhances
drought and salt stress tolerance. (A)
Phenotype of wild type (WT) and
JIOsPR10 overexpression plants rewatered after 5 days under drought
condition. (B) Leaf water loss of
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JIOsPR10 overexpression under salt
stress (150 mM NaCl). (D) Closeup view of leaf phenotype under
salt stress. At least 20 independent
plants were measured for each experiment.
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transgenic lines have single-copy T-DNA insertion (Fig.
2C). Transcriptional expression of JIOsPR10 in transgenic lines was then confirmed by semi-quantitative PCR,
the results of which showed 4.9- and 2.6-fold increase of
JIOsPR10 transcripts in Ox-1 and Ox-3 plant than WT
plant (Fig. 2D). Subsequently, the protein level of JIOsPR10 was also detected by Western blot analysis which
was 25 folds higher in each transgenic line, compared to
the WT (Fig. 2E).
Overexpression of JIOsPR10 promotes rice development. At first, the growth phenotype of transgenic
plants was analyzed. Compared to the WT, transgenic
lines showed a growth promotion at early developmental
stages (Fig. 3A, B). Root and shoot lengths were 39% and
18% higher in Ox-1, and 34% and 29% higher in Ox-3 in
comparison with WT at the 7-day-old seedling stage (Fig.
3C). In addition, seed weight and total productivity was
also measured which did not show any significant differences in transgenic lines as compared to the WT (Fig.
3D).
JIOsPR10 overexpression lines increase drought and
salt stress tolerance. To analyze whether JIOsPR10 overexpression enhances abiotic stress tolerance in transgenic
rice, the Ox-1 and Ox-3 lines were exposed to drought
and salt stresses (Fig. 4). Over-expression lines (Ox-1 and
Ox-3) have similar phenotypes in drought and salt stress-

557

es. For drought stress treatment, 4- to 5-week-old plants
in growth pot were dried on paper in greenhouse, and rewatered after 5 days. OX-1 and Ox-3 plants showed successful growth recovery, but not WT (Fig. 4A). The leaf
water loss was measured in WT, Ox-1, and Ox-3 lines at
different treated time points. In WT, a water loss to nearly
30% of leaf fresh weight was detected under drought
stress at 72-h post treatment (hpt) (Fig. 4B). Comparably, the water loss rate in Ox-1 and Ox-3 lines was less
than 10% at 72 hpt (Fig. 4B). Salt stress treatment was
also performed on JIOsPR10-overexpression plants. The
growth pots were incubated in 150 mM NaCl solution
and phenotype were measured after 24 h. Overexpression
lines showed enhanced salt stress tolerance as compared
with the WT (Fig. 4C), and a significant leaf curling was
detected after 24 hpt in WT, but not in Ox-1 and Ox-3
plants (Fig. 4D).
Differential protein expression profile in WT and JIOsPR10 overexpression plant. Our results also showed
that both Ox-1 and Ox-3 lines showed very similar response to both drought and salt stresses, indicating the
higher accumulation of JIOsPR10 in Ox-3 lines is sufficient for stress tolerance. Therefore, we selected the Ox-3
line for proteomic analysis. Total protein profiles of both
WT and JIOsPR10 overexpression plants were analyzed
by 2-DE analysis. The 2-DE gels were stained by CBB,
and the differentially expressed protein spots were detect-
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558

ed (Fig. 5A, indicated by arrows). Five protein spots (spot
1, 2, 3, 4, and 8) were up-regulated in JIOsPR10 overexpression plants (Fig. 5B), including thaumatin-like protein
(TLP), DUF26-like protein, beta-1,3-glucanase, peroxidase, and Cu/Zn-SOD (Table 1). Five protein spots, which
encoding enolase (spot 5), nucleoside diphosphate kinase
(NDK, spot 6), formate dehydrogenase (spot 7), xylanse
inhibitor protein 1 (spot 9), and cytoplasmic malate dehydrogenase (spot 10), were down-regulated in Ox-3 line
than in WT (Fig. 5B, Table 1). Western blot analysis using
gene specific antibody of DUF26-like protein, beta-1,3glucanase, and Cu/Zn-SOD was employed to confirm the
differential expression of identified proteins in Ox-1 and
Ox-3 lines. The protein accumulation of all three proteins
in Ox-1 and Ox-3 was strongly increased comparing with
WT (Fig. 6), indicating a good correlation of proteomics
data.
JIOsPR10 enhances tolerance to rice blast fungus.
JIOsPR10 is a member of PR family genes, which provide biotic stress tolerance in rice. Therefore, the response
of M. oryzae infection on transgenic lines was investigated. Spores of M. oryzae were sprayed on the leaves of
WT and transgenic lines and the infection phenotype was
analyzed after 72 h of spore inoculation. The number of
infection lesions of M. oryzae was reduced in Ox-1 and
Ox-3 lines in comparison with the WT (Fig. 7A). Average
infected area on the leaves of Ox-1 and Ox-3 lines was reduced to 22.96% and 13.6%, respectively, from 39.72%,
calculated in the WT (Fig. 7B).
WT

Ox-1

Ox-3
DUF26-like protein
(spot 2)
Beta-1,3-glucanase
(spot 3)

Cu/Zn-SOD (spot 8)

PonceauS

Fig. 6. Overexpression of jasmonic inducible pathogenesisrelated class 10 (JIOsPR10) induces highly accumulation of
reactive oxygen species related protein. Same amount of protein
was loaded on sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). Antibody against DUF26-like protein,
beta-1,3-glucanase, and Cu/Zn-SOD were used to detect the
protein level expression in wild type (WT) and JIOsPR10 overexpression plant. Equal loading of protein samples was checked
by PonceauS staining.
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Discussion
Crop productivity is strongly affected by the biotic and
abiotic stresses in surrounding environments. Previous
studies have shown that overexpression of stress responsive genes in plant may improve its adaption to various
stresses and increase the yield (Li et al., 2014; Shi et al.,
2014). Previously, JIOsPR10 was reported to be involved
in the biotic stress tolerance, such as M. oryzae infections (Kim et al., 2004). In this study, we showed that
JIOsPR10 was also induced by abiotic stresses, including
drought and salt, suggesting JIOsPR10 has multiple functions in rice and might be important for agricultural usage
(Fig. 1).
Previous studies have shown that PR10 family protein
has ribonuclease (Bantignies et al., 2000; Zhou et al.,
2002) and cysteine protease inhibition activities (Andrade
et al., 2010). Rice JIOsPR10 was also reported to contain RNase activity, suggesting that biochemical activity
might be essential for the role of JIOsPR10 (Kim et al.,
2008b). Therefore, characterization of downstream regulated proteins contributes the understanding of molecular
mechanism of JIOsPR10 induced stress tolerance. Proteomics, consists of protein separation and identification
steps, is a widely used tool for large-scale identification of
proteins. To investigate the mechanism of how JIOsPR10
promotes rice growth, and enhances stress tolerance, we
therefore applied a 2-DE based comparative proteomic
analysis of WT and JIOsPR10 overexpression plants. To
increase the detection of low abundance proteins, a PEG
mediated protein fractionation method, which depletes
high-abundant proteins such as Rubisco, was used for
protein extraction (Kim et al., 2001). The protein expression profile was observed by 2-DE gel analysis coupled
with CBB staining. Differentially modulated protein spots
from gel map of WT and transgenic plants were selected
and identified by MALDI-TOF mass spectrometer, which
revealed that proteins involved in metabolism, defense,

Ox-1

Ox-3
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Fig. 7. Jasmonic inducible pathogenesis-related class 10 (JIOsPR10)
overexpression plants showing
inc reased tolerance to rice blast
fungus. (A) Phenotype of wild type
(WT) and JIOsPR10 overexpression
plants infected with rice blast fungus
at 3 days post inoculation (dpi). (B)
Average percentage of infected area
on WT, Ox-1, and Ox-3 leaves. Student’s t-test was applied on the data
analysis. *P < 0.01; **P < 0.05.

and oxidative stress were predominant. In particular, several proteins related with glycolytic process (enolase, spot
5), tricarboxylic acid cycle (cytoplasmic malate dehydrogenase, spot 10), and energy (nucleoside diphosphate
kinase, spot 6) were down regulated in transgenic plants,
indicating a down regulation of metabolism inside the
plant. The metabolic and energy related pathways generate ROS as by product in cells in response to environmental stresses (Andreyev et al., 2005). Previous studies have
suggested that the early down regulation of metabolism is
one of the consistent trends of plants in response to abiotic stress (Cramer et al., 2011). Therefore, overexpression of JIOsPR10 in rice may affect the balance between
development and environmental stress adaption.
ROSs are key secondary signal molecules associated
with both biotic and abiotic stresses in plants (BaileySerres and Mittler, 2006). Maintenance of ROS balance
inside cell is essential for stress tolerance. Peroxidase has
ability to generate oxidative burst and trigger immune responses in plants (Chittoor et al., 1997; Daudi et al., 2012;
Sasaki et al., 2004). A peroxidase (spot 4) was highly expressed in Ox-3 lines as compared to the WT, suggesting
overexpression of JIOsPR10 may lead to an induction of
ROS. Meanwhile, Cu/Zn-SOD (spot 8) was highly accumulated in JIOsPR10 overexpression lines (Fig. 5). Cu/
Zn-SOD has ability of catalyzing O2– into H2O2. Higher
accumulation of Cu/Zn-SOD in transgenic plants might
be related with the maintenance of in intracellular oxidative stress balances, therefore lead to a different phenotype in plant growth and stress resistance.
We also found that the expression of three proteins
related with rice defense mechanism including TLP,
DUF26-like protein, beta-1,3-glucanase was increased
in the transgenic plants. TLP belongs to the PR-5 family
based on the amino acid sequence and structural similarities (Edens et al., 1982). Overexpression of TLP enhances
tolerance to different fungus (Acharya et al., 2013; Mackintosh et al., 2007; Munis et al., 2010), salt, drought,
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and oxidative stresses (Munis et al., 2010). The DUF26like protein is also involved in multiples stress tolerance,
such as rice blast fungus (Kim et al., 2004), salt stress
(Zhang et al., 2009), and ozone stress (Wrzaczek et al.,
2010). In plants, beta-1,3-glucanases are related with
the pathogen infection, ozone, H2O2, wounding stresses,
and plant development (Chandler and Robertson, 1994;
Cheong et al., 2000; Hwang et al., 2007). The induction
of those proteins may be triggered by the peroxidase induced oxidative stresses. Taken together, we suggest that
enhancement of biotic and abiotic stresses of JIOsPR10
overexpression plant is probably because of its increased
oxidative stress tolerance as compared to the WT.
Moreover, ROS were also emerged as important regulator of cell growth and plant development, and ROS are
highly accumulated in plant during the germination and
early development stages (Gapper and Dolan, 2006). In
this study, we observed that overexpression of JIOsPR10
promotes the root and shoot development in early development stages (Fig. 3) which could be the result of enhanced ROS scavenging ability in transgenic plants. Similarly, overexpression of PR10 in Brassica napus enhanced
seed germination under salinity conditions (Srivastava et
al., 2004). Based on proteomics results, the up-regulated
proteins such as TLP (Futamura et al., 2006), DUF26-like
protein (Jiang et al., 2007), beta-1,3-glucanase (Cheong
et al., 2000; Vögeli-Lange et al., 1994), and SOD (Kliebenstein et al., 1998) were also reported to be involved
in plant development, indicating differential expression of
those ROS and defense related proteins may be involved
in plant growth promoting process. Furthermore, we also
observed that the rice productivity was not changed in
overexpression plants (Fig. 3D). However, these plants
were grown in absence of any environmental stresses. In
natural conditions, the overexpression plant may have
high yield than WT due to its increase in tolerance to environmental stresses.
Here, we also confirmed that overexpression of JIOsPR10 in rice enhances M. oryzae tolerance. Meanwhile,
transgenic plants also showed drought and salt stress
tolerance phenotype. These results together indicate that
JIOsPR10 is involved in the multiple processes of rice including early development, enhancement of host to fungal
infection, and oxidative, drought and salt stress tolerance,
demonstrating that JIOsPR10 is a good candidate gene for
agricultural application to protect the crops against biotic
and abiotic stresses. However, we also found that the transcriptional expression of JIOsPR10 in Ox-1 is higher than
Ox-3 (Fig. 2), but Ox-3 rather than Ox-1 exhibits higher
resistance against M. oryzae infection (Fig. 7). We also
found that PR proteins such as DUF26-like protein and
β-1,3-glucanase are differentially accumulated in Ox-1

and Ox-3 plant. Therefore, different correlation between
transcriptional expression of JIOsPR10 and phenotype
may cause by the differential accumulation of other PR in
different transgenic lines due to its RNase enzyme activity or post-transcriptional modification.
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