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Abiotic stresses, especially drought, seriously threaten cereal crops yields and quality. In
this study, we observed that the rice plants of overexpression the Alternariatenuissima
PeaT1 gene showed enhanced drought stress tolerance and increased the survival
rate following a drought treatment. In PeaT1-overexpressing (PeaT1OE) plants, abscisic
acid and chlorophyll content significantly increased, while the malondialdehyde (MDA)
content decreased compared with the wild-type plants. Additionally, we confirmed
that the transcript levels of drought-responsive genes, including OsAM1, OsLP2, and
OsDST, were prominently lower in the PeaT1OE plants. In contrast, expression levels
of genes encoding positive drought stress regulators including OsSKIPa, OsCPK9,
OsNAC9, OSEREBP1, and OsTPKb were upregulated in PeaT1OE plants. Furthermore,
combing the yeast two-hybrid assay, we found that PeaT1 could interact with amyo-
inositol oxygenase (OsMIOX), which was verified by pull-down assay. Interestingly,
OsMIOX was highly expressed in PeaT1OE plants during the drought treatment.
Additionally, the OsMIOX-GFP fusion protein co-localized with the endoplasmic
reticulum (ER) marker in tobacco protoplasts, suggesting OsMIOX performs its function
in ER. Therefore, our results are useful for elucidating the molecular mechanism
underlying the improvement of drought tolerance by PeaT1.

Keywords: elicitor, PeaT1, interaction, OsMIOX, overexpression

INTRODUCTION

Drought is one of main abiotic stresses that negatively influences plant development, growth,
and seed production (Huang et al., 2009). Plants have evolved diverse mechanisms to respond to
environmental stresses. Therefore, details regarding to the molecular mechanism regulating plant
responses to stresses may be useful for improving plant resistance to abiotic stresses, especially
water deficiency (Huang et al., 2009). Previous studies on Arabidopsis thaliana and rice revealed
that complex plant responses to drought stress are mediated by several factors, including abscisic
acid (ABA) (Ma et al., 2009; Park et al., 2009), reactive oxygen species (Pei et al., 2000; Kwak
et al., 2003), and transcription factors (Huang et al., 2009; Fujita et al., 2011). However, biological
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functions of well known stress-responsive genes remain
uncharacterized. Additionally, there are likely many plant genes
associated with drought tolerance yet to be identified.

Abscisic acid, which is an important plant hormone, mediates
some aspects of the plant life cycle such as seed dormancy,
flowering, and fruit ripening. It is also crucial for plant responses
to diverse abiotic stresses such as drought, cold, and salinity.
Furthermore, ABA regulates stomatal closure to help plants
adapt to water deficiency (Zhu, 2002; Fan et al., 2004). In
response to abiotic stresses, ABA content immediately increases
to protect plants from damages. When plants face with drought
stress, ABA signal pathway becomes active and involves in ABA
receptors PYR/PYL/RCAR (Park et al., 2009) as well as two
phosphatase/kinase enzyme pairs, PP2Cs (Nishimura et al., 2009)
and SnRK2s (Gonzalez-Guzman et al., 2012), with opposite
functions. In the end, a number of transcription factors under
the control of SnRK2s activate ABA dependent genes expression
such as ABI5 and ABRE binding factors/ABRE binding proteins
(ABF/AREBs), which specifically bind to promoters containing
ABA-responsive elements (ABREs) (Antoni et al., 2011), and
regulate guard cell channel activities (Lee et al., 2013), resulting
in drought-resistant responses (Kim, 2014).

Elicitors isolated from several fungal and bacterial
pathogens include proteins, peptides, glycoproteins, lipids,
and oligosaccharides (Nürnberger, 1999). Elicitors, which
function as signaling molecules, were originally identified in
studies that focused on host specificity and disease development
(Paré et al., 2005). Harpin, the first reported elicitor from
the bacterium Erwinia amylovora (Wei et al., 1992; He et al.,
1993), could activate the hypersensitive response and growth
systems in several crops. The PeaT1 elicitor isolated from
Alternaria tenuissima induces the systemic accumulation of
the pathogenesis-related proteins PR-1a and PR-1b, which are
markers for systemic acquired resistance (Zhang W. et al., 2011).
Elicitors may also influence plant resistance to environmental
stresses, especially drought. For example, PebC1, which was
isolated from Botrytis cinerea, induces plant drought tolerance
(Zhang et al., 2010). Other studies have revealed that PeaT1
could promote wheat and cotton growth and development
(Wang et al., 2011; Tang et al., 2012). Additionally, rice and
wheat leaves sprayed with exogenous PeaT1 were observed to
exhibit increased drought resistance (Liu et al., 2009; Wang et al.,
2011). Furthermore, overexpression Harpin-encoding hrf1 gene
in rice enhances drought tolerance (Zhang L. et al., 2011).

Myo-inositol oxygenase (MIOX) is considered as a unique
monooxygenase that catalyzes the transfer of myo-inositol to
D-glucuronic acid (D-GlcUA), which is an important sugar
precursor for plant cell walls (Kanter et al., 2005). Myo-inositol
oxygenase balances the myo-inositol content and is essential
for the synthesis of some low molecular weight compounds in
plants (Smirnoff et al., 2001). Recently, OsMIOX expression was
observed to be induced by drought, H2O2, salt, cold, and ABA.
Additionally, overexpression the OsMIOX considerably improves
plant growth under mannitol stress conditions (Duan et al.,
2012).

Our lab previously generated PeaT1-overexpressing rice
plants (PeaT1OE) (Sheng et al., 2011). In the current study,

we analyzed the resistance of PeaT1OE plants to drought stress
and using yeast two-hybrid and pull-down assays, found that
PeaT1surely interacts with OsMIOX. Thus, our resultss might
clarify PeaT1effects on drought tolerance regarding to survival
rate, ABA content, and phenotype.

MATERIALS AND METHODS

Drought Tolerance Analysis
In our previous study, an elicitor peaT1 gene was introduced into
pCAMBIA2300 vector under the control of CaMV 35S promoter
and then transformed into the Nipponbare rice (Sheng et al.,
2011). Drought tolerance of transgenic plants was examined by
germinating T2 transgenic plants. Seeds were submerged in water
at room temperature for 48 h, and then allowed to germinate for
48 h at 37◦C in a growth chamber. After 4 days, seedlings were
transplanted to containers filled with soil, and then incubated in a
greenhouse at 24–30◦C and 50–60% relative humidity. Wild-type
(WT) Oryza sativa L. japonica cv Nipponbare seedlings and
the transgenic seedlings were on soil with three control lines
and the PeaT1OE1, PeaT1OE40, and PeaT1OE43 lines, which
contained the Nipponbare background. Each line consisted of 10
seedlings. Approximately 21 days later, watering of the seedlings
was stopped for 12 days to simulate drought conditions. Seedling
survival rates were recorded 15 days after watering was resumed.
The drought stress experiment was conducted at least three
times.

Chlorophyll, ABA, Malondialdehyde and
Proline Measurements
The chlorophyll extracted from 50 mg (fresh weight) leaf tissue
was quantified using the absorbance values at 652 nm according
to the Infinite M200 multimode reader (Tecan Group Ltd,
Switzerland) as previously described by Kong et al. (2006). ABA
was extracted from seedling leaves and quantified according to a
previously described method (Fu et al., 2012). Chlorophyll and
ABA contents were measured before and during the simulated
drought treatment. For every line (10 seedlings), a total of
50 mg tissue was collected from three leaves. Malondialdehyde
(MDA) content was measured using a published procedure
(Heath and Packer, 1968). Proline concentration was determined
as described (Bates et al., 1973). All measurements contained
three independent biological replicates. Significant differences
are determined with Student’s t-test (∗0.01 < P < 0.05,
∗∗P < 0.01).

Quantitative Real-Time PCR Analysis
Total RNA was extracted from WT and PeaT1OE transgenic
rice plants using Trizol reagent (TaKaRa, Japan) according
to the procedure recommended by the manufacturer. The
first-strand cDNA was synthesized in a 20-µl solution using
the QuantiTect Reverse Transcription Kit (Qiagen, Germany).
The 20 µl qRT-PCR solutions included of 0.5 µl cDNA,
0.2 µM primer mix, and reagents from the SYBR Premix Ex
Taq Kit (TaKaRa, Japan). The qRT-PCR was conducted using
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the ABI PRISM 7900HT system (Applied Biosystems, United
States) (Livak and Schmittgen, 2001), with the endogenous
rice gene Ubiquitin (LOC_Os03g13170) serving as the control.
Semi quantitative RT-PCR was determined according to method
(Marone et al., 2001). qRT-PCR was performed with three
technical and three biological replicates. All qRT-PCR primers
are listed in Supplementary Table S1. Significant differences
are determined with Student’s t-test (∗0.01 < P < 0.05,
∗∗P < 0.01).

Drought-Responsive Genes Expression
Drought-responsive genes were detected by quantitative
real-time polymerase chain reaction (qRT-PCR) analysis. Water
was withheld from 4-week-old rice seedlings for 12 days, after
which transcript levels of drought-responsive genes in leaves
were analyzed (OsAM1, OsLP2, OsDST, OsCPK9, OsSKIPa
OsNCED2, OsNAC9, OsTPKb, and OsEREBP1). Additionally,
OsMIOX expression was detected by exposing 4-week-old
transgenic seedlings to air (without water), and then collecting
leaves 0.5, 1, 2, 3, 5, 7, and 9 h later for a subsequent qRT-PCR,
qRT-PCR was performed with three technical and three
biological replicates. All primers are listed in Supplementary
Table S1.

Yeast Two-Hybrid Assay
The PeaT1 and OsMIOX coding sequences were amplified
using gene-specific primer sets (Supplementary Table S1). The
full-length PeaT1 sequence was ligated into the pDBleu vector
to form the BD-PeaT1 plasmid. Meanwhile, the full-length
OsMIOX sequence was cloned into the pPC86 vector to
generate the AD-OsMIOX plasmid. Yeast cells were transformed
and the subsequent reporter gene assays were completed
according to the manufacturer’s instructions (Invitrogen, United
States).

Pull-Down Assay
For the in vitro pull-down assay, the OsMIOX and PeaT1 coding
regions were inserted into pMAL-c2X and pGEX6p-1 vector,
respectively, to generate the OsMIOX–maltose-binding protein
(MBP) and PeaT1-glutathione S-transferase (GST) plasmids
(Supplementary Table S1 for primer sets). The amylose resin
for purifying MBP (New England Biolabs) and the GST-binding
resin for purifying GST (Merck, Germany) were used to purify
the fusion proteins and empty tags. The pull-down assay was
conducted as previously described (Zhou et al., 2013). Protein
products were detected using an enhanced chemiluminescence
reagent (GE Healthcare, China).

Subcellular Localization of OsMIOX
To prepare the pCAMBIA1305-d35S-MIOX-green fluorescent
protein (GFP) plasmid, the MIOX coding sequence was cloned
into the Bgl II site of the pCAMBIA1305-GFP vector. The
construct was transiently expressed in tobacco (Nicotiana
benthamiana) epidermal cells as previously described (Batoko
et al., 2000).

RESULTS

Enhanced Drought Tolerance of
PeaT1OE Rice Plants
To investigate PeaT1OE activities in drought-stressed plants,
3-week-old WT and PeaT1OE seedlings (Figure 1A) were
subjected to simulated drought conditions for 12 days
(Figure 1B). Control leaves demonstrated curled 2 days
earlier than PeaT1OE leaves. Additionally, three PeaT1OE lines
exhibited leaf wilting and rolling symptoms after the 12-day
drought treatment. Fifteen days after watering was resumed
(Figure1C), 60% of PeaT1OE plants were still alive, whereas the
survival rate of the control plants was only 40% (Figure 1D).

Chlorophyll and ABA contents are used to determine whether
plants have been exposed to drought stress (Seki et al., 2007;
Li et al., 2013). In the current study, we determined that there
was no difference in the chlorophyll content between WT and
PeaT1OE plants grown under normal conditions. In contrast,
among plants exposed to simulated drought conditions, the
chlorophyll content of PeaT1OE lines was 50% higher than that
of WT plants (Figure 1E). Leaf ABA content is correlated with
adaptations to environmental stresses via a feedback loop. Thus,
we quantified the ABA contents of PeaT1OE and WT leaves
under normal and drought conditions. Results showed that there
were no significant differences between the two lines before the
drought treatment (Figure 1F). However, under drought stress,
ABA content increased by 38 and 11% in the PeaT1OE and WT
plants, respectively.

Malondialdehyde is the end-product of the peroxidation of
membrane lipids. It is a consequence of oxidative damage
derived from the decomposition of polyunsaturated fatty acid
hydroperoxides. A comparison of the MDA contents of WT
and PeaT1OE plants revealed that no obvious differences were
detected before the drought treatment. However, in response
to drought conditions, MDA content decreased significantly
(0.01 < P < 0.05) in PeaT1OE plants. The result indicated
that minor lipid peroxidation occurring in PeaT1OE plants
contributed to drought tolerance.

Proline is associated with adaptation to stress abiotic stress
in plant (Jiang et al., 2016). We also checked the content of
proline in WT and PeaT1OE plant before and during the drought
treatment. Nonetheless, no differences were observed under
normal conditions (Figure 1H). Proline content improved to
higher level in PeaT1OE plants, whereas WT plants showed
a low increase in proline. These changes demonstrate that
proline accumulation are corresponded to the increased drought
tolerance of PeaT1OE plants.

Analysis of Drought-Responsive Gene
Expression Levels
For a more thorough characterization of the mechanism
regulating drought tolerance in PeaT1OE plants, expression
levels of several stress-responsive genes were investigated.
OsAM1 gene encodes a K+ efflux antiporter that is mainly
present in plastid-containing organisms, from lower green algae
to higher flowering plants. The expression ofOsAM1 is reportedly
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FIGURE 1 | Drought stress tolerance in wild-type (WT) and PeaT1OE lines. (A) Three-week-old seedlings. (B) Phenotypes of plants deprived of water for 12 days.
(C) Phenotypes of plants 15 days after watering was resumed. (D) Chlorophyll contents of control and PeaT1OE plants, with or without the drought treatment.
(E) Survival rates were calculated 15 days after watering was resumed. (F) Abscisic acid (ABA) contents of the control and PeaT1OE plants, with or without the
drought treatment. (G) Malondialdehyde (MDA) contents of the control and PeaT1OE plants, with or without the drought treatment. (H) Proline contents of control
and PeaT1OE plants, with or without the drought treatment. ∗0.01 < P < 0.05, ∗∗P < 0.01; Bar in (A–C) is 5 cm.

induced by polyethylene glycol and salt. Additionally, an am1
mutant was observed to be more drought tolerant than WT
plants (Sheng et al., 2014). In this study, the OsAM1 transcript
level decreased significantly in PeaT1OE plants (Figure 2A),
suggesting decreased abundance of K+ efflux antiporters may be
associated with increased drought tolerance of PeaT1OE plants.
Furthermore, OsLP2 (Leaf Panicle 2) (Sheng et al., 2014; Wu
et al., 2014) and OsDST (Huang et al., 2009) expression levels
were much lower in PeaT1OE lines than in WT (Figures 2B,C).
Additionally, OsCPK9 encodes a calcium-dependent protein

kinase that affects abiotic stress tolerance (Wei et al., 2014).
This gene was highly expressed in PeaT1OE plants during the
exposure to drought conditions (Figure 2D). The transcript
level of OsSKIPa, which encodes a rice homolog of the human
Ski-interacting protein, was higher in PeaT1OE plants than in
WT (Figure 2E), indicating the expression of drought-responsive
genes changed much a lot in PeaT1OE plants.

Abscisic acid is crucial for plant drought stress responses,
especially the closure of stomata (Lim et al., 2015). Therefore,
we analyzed the expression of OsNCED2 (9-cis-epoxycarotenoid
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FIGURE 2 | Relative expression levels of drought-responsive genes in WT and PeaT1OE plants. The analyzed genes were OsAM1 (A), OsLP2 (B), OsDST (C),
OsCPK9 (D), OsSKIPa (E), and OsNCED2 (F), OsNAC9 (G), OSTPKb (H), OsEREBP1 (I). Data is presented as the mean ± standard deviation (n = 9). Significant
differences are determined with Student’s t-test (∗0.01 < P < 0.05, ∗∗P < 0.01).

dioxygenase), which is important for ABA biosynthesis. The
OsNCED2expression level was higher in the PeaT1OE plants than
in the WT plants (Figure 2F), suggesting that increased ABA
biosynthesis may regulate drought resistance in rice plants.

OsNAC9, a member of rice NAC domain family,
had been reported to improve drought tolerance in rice
(Redillas et al., 2012). In our study, OsNAC9 was up-regulated
in PeaT1OE plants (Figure 2G). OsTPKb, which encodes a two
pore potassium channel protein (Ahmad et al., 2016), decreased
the transpiration in its overexpression rice plants under drought
stress. We found that the transcription level of OsTPKb was
higher in PeaTOE plants (Figure 2H). Overexpression of an
AP2/ERF transcription factor OsEREBP1 confers drought

tolerance in rice (Jisha et al., 2015). Our detection showed that
OsEREBP1 expression level was higher in PeaT1OE plants than
WT (Figure 2I). Above all, the regulation of drought inducible
genes was contributed in PeaT1OE plants to drought tolerance.

PeaT1 Interacts with OsMIOX
In order to excavate the molecular mechnism for PeaT1’s role in
drought, a yeast two-hybrid screen using the Nipponbare cDNA
was conducted to determine if there are any rice proteins which
interact with PeaT1. We were also interested in characterizing
the functions of any interacting protein. The BD-PeaT1 plasmid
was used as the bait. Because PeaT1 contains a self-activated
domain, we added 50 mM 3-AT to SD/-Leu/-Trp/-His medium.
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FIGURE 3 | PeaT1 interacts with OsMIOX. (A) Results of a yeast two-hybrid assay involving BD-PeaT1 and AD-OsMIOX. The transformed yeast cells were plated on
SD/-Leu/-Trp medium (left) and SD/-Leu/-Trp/-His medium supplemented with 50 mM 3-AT (middle). The results of the X-gal assay are also provided (right).
(B) Purified proteins stained with Coomassie Brilliant Blue. (C) A solution consisting of PeaT1-GST bound to the GST-binding resin was incubated with an equal
volume of cell lysate containing OsMIOX-MBP or MBP. The binding of OsMIOX-MBP or MBP to the GST-binding resin before (Input) and after (Pull-down) washes
was examined in a western blot involving the anti-MBP antibody. The same protein gel was used for a western blot involving the anti-GST antibody to verify that
equal amounts of GST-PeaT1 were present in all protein mixtures. ∗ Represents the target protein band.

Dozens of potential interacting proteins were detected, including
chloroplast precursor protein S1 and OsMIOX. To verify the
accuracy of interaction, we made PeaT1 as the bait, and OsMIOX
were as preys, respectively, in a yeast two-hybrid analysis. Finally,
we found that there really existed interaction between PeaT1 and
OsMIOX based on the results of X-gal (5-Bromo- 4-chloro-3-
indolyl β-D-galactopyranoside) assays involving SD/-Leu/-Trp/-
His medium supplemented with 3-AT (Figure 3A).

We also confirmed the interaction using a pull-down assay
involving the PeaT1-MBP and OsMIOX1-GST fusion proteins
(Figure 3B), which were produced in Escherichia coli cells.
The OsMIOX1-GST fusion protein was able to pull down
PeaT1-MBP, but GST alone could not (Figure 3C). These results
verified the direct interaction between PeaT1 and OsMIOX.

OsMIOX Expression Was Upregulated
during the Drought Treatment
To assess whether OsMIOX expression in PeaT1OE and WT
plants was affected by drought stress, water-cultivated seedlings
were exposed to air to simulate drought conditions. Leaves

were collected at specific time points to measure the OsMIOX
expression levels by qRT-PCR and semi-quantitative RT-PCR
(Figure 4). The upregulated expression of OsMIOX followed
a two-phase curve reminiscent of the interaction process. The
first significant increase in PeaT1OE plants occurred at 0.5 and
2 h after the initiation of the drought treatment. A second peak
was observed when PeaT1 interacted with OsMIOX at 5, 7,
and 9 h after starting the drought treatment. There were no
differences between the PeaT1OE and WT plants at the 1- and 3-h
time points. These results suggested that PeaT1 might function
cooperatively with OsMIOX during stress responses in PeaT1OE
plants.

Subcellular Localization of OsMIOX
To investigate the subcellular localization of OsMIOX, the
OsMIOX cDNA was fused in frame to the GFP marker
gene under the control of the cauliflower mosaic virus 35S
promoter (35S::MIOX::GFP). The vector with the GFP gene
was used as the control (Figure 5A). Mcherry fluorescent
protein (mRFP)-tagged organelle markers (Figures 5B–E) were
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FIGURE 4 | Expression of OsMIOX in WT and PeaT1OE plants exposed to
air. (A) qRT-PCR analysis of OsMIOX expression. (B) OsMIOX expression was
detected by semi-quantitative RT-PCR. Data is presented as the
mean ± standard deviation (n = 9). Significant differences are determined with
Student’s t-test (∗0.01 < P < 0.05, ∗∗P < 0.01).

incorporated into the epidermal cells of N. benthamiana
leaves. Protoplasts were prepared from the tobacco leaves to
enhance the fluorescent signals detected by confocal microscopy.
The MIOX-GFP fluorescence did not completely merge with
the plasma membrane (PM: SCAMP1 [Lam et al., 2007])
(Figure 5B), which was consistent with previous results of
predicted localization in cytoplasm. Furthermore, four organelle
markers tagged with mRFP (Gomord et al., 1997; Nebenführ
et al., 1999; Miao et al., 2006; Lam et al., 2007) were co-expressed
with MIOX-GFP in tobacco protoplasts. We observed that the
MIOX-GFP fluorescence co-localized only with the endoplasmic
reticulum (ER) marker HDEL (Figure 5C).

DISCUSSION

Drought results in considerable adverse consequences for crop
yield and quality. Previous studies have concluded that the PeaT1
elicitor is critical for the drought resistance and development
in rice, wheat, and cotton plants (Liu et al., 2009; Wang et al.,
2011; Tang et al., 2012). In the study, we observed that PeaT1OE
plants showed increased drought-tolerant compared with WT,
with higher survival rate in OE (Figure 1). Thus, PeaT1’s function
in drought resistance is similar to another elicitor Harpin, which
could enhances drought tolerance in rice (Zhang W. et al., 2011).
These results suggested that PeaT1 played crucial roles in plant
improvement tolerance of drought.

Expression of several genes related to drought resistance
also changed differently between PeaT1OE plants and WT.
For example, OsDST transduction significantly decreased in OE
plants compared with WT (Figure 2C). As OsDST is a negative
regulator in drought (Huang et al., 2009), lower expression of
the gene might partially increase stomatal closure and reduce

FIGURE 5 | Subcellular localization of OsMIOX in protoplasts of
N. benthamiana leaves. (A) Fluorescence signal from the expression of the
GFP tag. Fluorescence signal from the co-expression of the OsMIOX-GFP
fusion protein and (B) SCAMP1-mRFP (PM marker), (C) HDEL-mRFP (ER
marker), (D) Man1-mRFP (Golgi marker), (E) VSR2-mRFP (PVC marker). The
scale bar corresponds to (A) 9 µm, (B) 5 µm, (C) 8 µm, and (D,E) 10 µm.
PM, plasma membrane; ER, endoplasmic reticulum; PVC, prevacuolar
compartment.

stomatal density, thus causing enhanced drought in OE plants.
A study reported that the expression of OsLP2 is down-regulated
by drought and the gene’s overexpression plants are drought
sensitivity (Wu et al., 2014). Our data detected that lower
OsLP2 expression existed in PeaT1 OE plants than in the WT
(Figure 2B), suggesting lower expression of OsLP2 contributed to
the plant drought resistance in OE. Taking together, these results
implied that the overexpression of PeaT1 in plants might impact
the transduction of other drought-responsive genes, thereby
inducing OE plants drought tolerance.

Abscisic acid exerts key roles in affecting stomatal
defense against drought stresses via activating diverse plant
physiological and developmental processes (Finkelstein et al.,
2002; Robertseilaniantz et al., 2007; Ton et al., 2009). Under
drought conditions, ABA is produced or accumulated to
induce stomatal closure, ultimately helping plant conserve
water (Bauer et al., 2013; Lee and Luan, 2012). ABA-controlled
processes are necessary for plant survival and deficient mutants
generally are susceptible to water stress (Finkelstein et al.,
2002; Kang et al., 2002). The upregulated expression of NCED3
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(an ABA biosynthesis gene) is induced by drought stress, in turn
decreasing transpiration rates and enhancing plant water stress
(Schwartz et al., 1997, 2003; Tan et al., 1997; Thompson et al.,
2000). Here, we analyzed the expression of OsNCED2 (another
ABA biosynthesis gene) and found that it was significantly
increased in PeaT1OE plants (Figure 2F), similar to NCED3’s
upregulation, which both improve plant drought resistance.
These results indicated that overexpressing PeaT1 affected
some ABA biosynthesis genes expression, which increased ABA
content, finally improved plant drought tolerance. However,
several ABA signaling genes expression should be detected in
future in order to know whether upregulation of PeaT1 has effects
on ABA signal tranduction.

Myo-inositol oxygenase (MIOX) could regulate the
abundance of myo-inositol, thus affecting the ascorbic acid
biosynthesis (Kanter et al., 2005). Ascorbic acid, as a major plant
antioxidant, plays roles in countering balances of any oxidative
damage (Shao et al., 2008). However, little knowledge about the
sub-location of MIOX, except rice OsMIOX was predicted to
be localized in cytoplasm (Duan et al., 2012), it was unclear
whether it is associated with specific subcellular structures.
In the study, we co-expressed OsMIOX with crucial organelle
markers in tobacco protoplasts and observed that OsMIOX just
co-localized with ER marker, suggesting OsMIOX functions in
ER.

A recent study showed that overexpression of OsMIOX in rice
could improve drought tolerance (Duan et al., 2012). Our results
showed that OsMIOX expression was significantly upregulated
in PeaT1OE plants under drought conditions, suggesting that
PeaT1 might promote the transcription of OsMIOX. However,

the molecuar function of PeaT1 or OsMIOX on drought tolerance
remians unclear. By yeast screening system, we found that PeaT1
could interact with OsMIOX in vivo and in vitro, which offered
evidence of PeaT1’s roles in drought reistance on molecular level.
And it is the first report that elicitor PeaT1 could physicall
interact with Myo-inositol oxygenase together to carry out their
function. Further studies on whether PeaT1 interacting with
other protein will be required to deeply understand PeaT1’s
molecular function.
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