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Pto-interacting 1(Pti1) has been well established to play important roles in plant disease and salt
response, but its potential roles in the response to drought stress is unknown. In this study, the Pti1like gene named as ZmPti1-1 was cloned from maize, sequence analysis showed that ZmPti1-1 encodes
a polypeptide of 363 amino acids with predicted molecular mass of 39.0 kDa and an isoelectric point of
8.14. ZmPt1-1 is dramatically induced by abscisic acid (ABA) and mannitol (data not shown). In order to
analyze the further drought tolerant functions, ZmPti1-1 was over-expressed in Arabidopsis. Under
drought stress, compared with wild type, survival rate of the three transgenic lines, which was 70, 76
and 87%, respectively, was significantly higher than that of wild type which was 29%; there were lower
water loss, lower cell membrane damage, higher relative water content, higher total soluble sugars,
higher proline content and higher yield for transgenic plants. Based on the present knowledge, this is
the first report that over-expression of Pti1-like gene improved drought tolerance in plants.
Key words: ZmPti1-1, transgenic Arabidopsis, drought tolerance.
INTRODUCTION
Drought is the major environmental stress affecting plant
growth and productivity (Yamaguchi-Shinozaki and
Shinozaki, 2006). Drought reduces plant productivity by
inhibiting plant growth and photosynthesis (Shou et al.,
2004). Plant responds to drought stress by activating a
number of signal pathways which enable them to defend
or adjust against the stress (Pandey, 2008). Drought
stress signal transduction consists of ionic and osmotic
homeostasis signal pathways, detoxification (damage
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86-10-51503801; 86-13910285037. Fax: 86-10-51503980.
Abbreviations: Pti1, Pto-interacting 1; ABA, abscisic acid;
EST, expressed sequence tag; PCR, polymerase chain
reaction; RT, reverse transcription; WT, wild type; FW, fresh
weight; DW, dried weight; MDA, malondialdehyde; TW, turgid
weight; RWC, relative water content.

control and repair) response pathways and pathways for
growth regulation (Zhu, 2002). In these events, reversible
protein phosphorylation catalyzed by protein kinases and
protein phosphatases plays an important role (Yang et al.,
1997).
The tomato gene Pto-interacting 1 (Pti1) encoding a
serine/threonine kinase is phosphorylated by Pto; overexpression of tomato Pti1 in tobacco resulted in an
accelerated hypersensitive response when the plants
were
challenged
with
the
tobacco
pathogen
Pseudomonas syringae tabaci expressing avrPto (Zhou
et al., 1995). Several Pto-interacting (Pti) proteins were
identified to act in Pto mediated signal transduction in
tomato, including protein kinase Pti1 and three
transcription factors (Pti4/5/6) (Tian et al., 2004).
Some tomato Pti1-like kinase genes are cloned from
maize (Herrmann et al., 2006; Zou et al., 2006). Zou et al.
(2006) cloned and characterized a maize Pti1 like kinase
gene ZmPti1; according to its deduced amino acid
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Figure 1. Part region of expression vector pGreen0029-ZmPti1-1.

sequence, it maybe Ser/Thr/Tyr protein kinase. Overexpression of ZmPti1 increases salt tolerance of
Arabidopsis (Zou et al., 2010). Herrmann et al. (2006)
cloned and characterized four Pti1 like kinase genes from
maize, ZmPti1a encodes a functional serine/threonine
kinase specific to pollen and is associated with plasma
membrane regions responsible for callose deposition;
ZmPti1b is likely to be involved in maize pathogen
responses. Compared to ZmPti1a and ZmPti1b, ZmPti1c
and ZmPti1d is expressed at low levels but in all
sporophytic tissue. Only transcripts of ZmPti1c could also
be detected in mature and germinated pollen.
In our research, a new maize Pti1-like kinase was
cloned and designated as ZmPti1-1 (GenBank accession
no. EF158035). According to its deduced amino acid sequence, it maybe Ser/Thr kinase. ZmPt1-1 was
dramatically increased upon a wide range of abiotic
stresses, such as abscisic acid (ABA), mannitol, salt
stress and 4°C treatment (data not shown). The result
indicated that, maize ZmPti1-1 may be responsible for
abiotic stresses. However, a precise role of Pti1 in plant
drought tolerance has remained unclear. In this study, the
ZmPti1-1 gene was cloned and introduced into
Arabidopsis by the floral dip method (Clough and Bent,
1998), drought tolerance of transgenic Arabidopsis plants
was investigated further. The results showed that ZmPti11 play an important role in drought adaptation of
Arabidopsis.
MATERIALS AND METHODS
Cloning of ZmPti1-1 cDNA
The sequence of At2g47060 was used as the query probe to
search homologues in maize expressed sequence tag (EST) TUGs
database. A highly homologous maize EST contig (Zm-tu- 03-0811, 14960) was obtained for analysis of motifs/domain in
ScanProsite in PlantsP database (Gribskov et al., 2001). According
to the EST contig sequence, two primers, 5’-CTT CCT ACC CGC
TTC C-3’(forward primer) and 5’-CAT CGA CGA GTC ATA TAC
CTT-3’ (reverse primer; synthesized at Sunbiotech, China) were
used to amplify DNA encoding ZmPti1-1 by polymerase chain
reaction (PCR). The first strand cDNA was obtained by reverse
transcription (RT) using M-MLV reverse transcriptase (Promega,
USA) in a 20 l reaction volume with 5 g total RNA prepared from
maize roots treated with 250 mM NaCl for 24 h. RNA was isolated
using TRIzol Reagent (Invitrogen, USA). The RT-PCR product was

cloned into pGEM-T vector (Promega) and sequenced (Sangon,
China).
Plant material, transformation and growth condition
Full length cDNA of ZmPti1-1 in vector pGEM-T was amplified by
PCR with adding BglII and SmaI sites into 5’ and 3’ primers,
respectively and confirmed by sequencing, then was subcloned into
the BamH I/StuI site of the vector pUC18. The expression vector
pGreen0029, which contained kanamycin resistance gene, was
digested with Xba I and EcoR I to release short fragment. Then, the
fragment 35S-C4DDPK-ZmPti1-1-DHA-His6-nos in vector pUC18
was subcloned into the Xba I and EcoR I site of the vector
pGreen0029 to construct ZmPti1-1 gene expression vector
pGreen0029-ZmPti1-1 (Supplemental Figure S1) according to the
standard mole-cular protocol (Sambrook and Russell, 2001).
pGreen0029-ZmPti1-1 vector was introduced into Agrobacterium
tumefaciens strain GV3101 which was then, used to transform
Arabidopsis (ecotype Columbia) using the floral dip method. T0
seeds were screened by 50 mg·l-1 kanamycin medium. Resistant
seedlings were transferred to soil in the plastic pots and grown for
seeds. T3 homozygous seeds or seedlings were used for molecular
identification and drought tolerance assay. The pot-grown wild type
and transgenic Arabidopsis plants were placed in growth chambers
with the condition of 20°C temperature, 100 µmol·m-2·s-1 light, 16/8
h day/night cycle and 60% relative humidity.
Molecular characterization of the ZmPti1-1 gene in transgenic
Arabidopsis
PCR assays were performed with specific primers for the ZmPti1-1
gene: P1, 5 - CAC AGA TCT ATG TCG TGC TTT GCG TGC -3 ; P2,
5 - TAT CCC GGG TGA CCC AGC ATG ATC -3 . For RNA Gel-blot
analysis, total RNA was extracted from 4-week-old seedlings of
Arabidopsis with use of Trizol reagent (TIANGEN, Beijing, China).
Total RNA of 10 g was electrophoresed on 1.2% (w/v) agarose gel
containing 5% (v/v) formaldehyde and transferred to Hybond-NY+
nylon transfer membrane (Millipore Corporation Bedford MA 01730,
USA). The membrane was hybridized with a DIG-labeled ZmPti1-1
cDNA specific probe at 42°C for 16 to 18 h. The hybridized
membrane was washed and detected according to the protocol of
Dig nucleic acid detection kit (DIG High prime DNA labeling and
detection starter kit II, Roche Corporation, Basel, Switzerland). The
ethidium bromide-stained ribosomal RNA was used as loading
control. Images were acquired by scanning the membranes with a
LAS-4000 image reader (FUJIFILM Corporation, Japan).
Drought treatment of Arabidopsis seedling
Seeds of Arabidopsis wild type (WT) and T3 homozygous
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Figure 2. ZmPti1-1 amino acid sequence deduced from cloned ZmPti1-1. The underlined amino acids are protein
kinase domain. ATP-binding region signature is shown in bold type. Serine/ threonine protein kinases domain is shown
in bold and italic type. Four sequences in frames are potential N-myristoylation sites.

transgenic plants were germinated and grown in 7 cm plastic pots
filled with 1:1 vermiculite: nutrient soil mixture with constant
watering. 14-days old seedlings were hold without watering for 9
days. After that, all the pots were re-watered simultaneously and
the plant re-growth was scored 5 days later.

(2001):

Quantification of water-loss in ZmPti1-1
Arabidopsis plants under drought stress

Measurement of total soluble sugars and proline content was
conducted at 0, 3, 7, 14 days, respectively, after drought treatment.
Total soluble sugars of T3 Arabidopsis leaves were extracted in
boiling water for 30 min and determined by anthrone reagent using
glucose as the standard (Yemm and Willis, 1954). Proline was
detected as shown previously by Bates et al. (1973).

transgenic

0.5 g fully expanded leaves from 25-days old wild type and 35S ::
ZmPti1-1 T3 plants were detached and weighed immediately (FW0).
Then, the leaf discs were incubated on Petri dishes in the dark at
room temperature. The leaves fresh weight (FW) was measured at
1 h interval to determine the rate of water loss. Twelve hours later,
the leaf discs were dried in an oven at 75°C for 72 h and weighed
(DW). The rate of water loss was calculated from the equation:
Water loss (%) = (FW0 -FW)/ (FW0-DW) ×100%

RWC (%) = (FW-DW)/(TW- DW) × 100 %
Measurement of total soluble sugars and proline content

Quantification of plant yield under drought treatment
The T3 transgenic lines and WT plants were cultivated under
drought stress or normal condition. After treatment, the stated
plants were harvested for seed weight measurement.

At least three replicates per line were used. Statistical differences
were determined using Student’s t-test.

RESULTS
Measurement of electrolyte leakage and malondialdehyde
(MDA) levels
Membrane damage was assayed by measuring ion leakage and
MDA from leaf discs. Measurement of electrolyte leakage and
malondialdehyde levels was conducted at 0, 3, 7, 14 days,
respectively, after drought treatment.
To measure ion leakage ratio as relative electric conductivity
parameter, 0.1 g leaves were removed from different T3 transgenic
plants, rinsed briefly with deionized water and immediately placed
into a tube with 20 ml of deionized water. Conductivity EC1 was
measured using an electroconductivity meter (DDS-307, Shanghai,
China) after the tubes were placed at 4°C overnight. Then, the
samples were heated at 100°C for 20 min and conductivity EC2 was
measured again. Ion leakage ratio was expressed as (EC1/EC2)
×100%. MDA was determined by a color reaction with thiobarbituric
acid (Heath and Packer, 1968; Zhao et al., 1994).

Quantification of relative water content (RWC)
The leaf discs were punched out from healthy and fully expanded
leaves of T3 transgenic plants and the fresh weight (FW) of leaf
discs was immediately recorded. After soaking them in deionized
water at 4°C overnight, their turgid weight (TW) was determined.
Then, they were dried in an oven at 75°C for 72 h and weighed
(DW). RWC was calculated from the equation of Gaxiola et al.

Isolation and structure analysis of ZmPti1-1
To confirm whether the EST contig (Zm-tu-03-08-11,
14960) is a full-length gene, we analyzed the sequence in
http://au.expasy.org/tools/dna.html.
Analysis
results
showed that, there is an in-frame stop codon TAG
upstream from the first initiation codon ATG at the 5’-end
and there is a poly (A) structure downstream from the inframe stops codon TGA at the 3’-end (data not shown).
These indicate that, it is a full-length gene. To get basic
information about the encoded protein, the RT-PCR
product was sequenced. Analysis based on the
sequencing result indicated that the deduced protein,
ZmPti1-1, contains 363 amino acids with an estimated
molecular mass of 39.0 kDa and an isoelectric point of
8.14.
Using the PlantsP program, four potential Nmyristoylation sites GVLRNG, GVKGAQ, GAAKGL and
GQLSSK and a protein kinase ATP-binding region signature IGEGSFGRVYLGVLRNGRSAAVKK were found in
ZmPti1-1. Additionally, a serine/threonine protein kinases
active-site signature IIHRDIKSSNVLL was also identified
in ZmPti1-1 (Figure 1a). This feature is similar to those
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Figure 3. Phylogenetic analysis based on an alignment of maize ZmPti1-1 with those close sequences from plant in database.
These Pti1s are putative Pti1 from Arabidopsis (AAN12919, AAM10114, ABD85164, AAK17158, AAM20245, AAK96830), putative
Pti1 from rice ((NP001054576, AAT94054, AAS98413), putative Pti1 from maize (AAT57905, AY708048, ABG36852), putative
Pti1 from Vitis vinifera (CAO040193, CAO070923), soybean GmPti1, tomato Pti1, soybean sPti1a and sPti1b.

Molecular characterization of Arabidopsis transgenic
plants

Figure 4. Molecular characterization of the ZmPti1-1 gene in
transgenic Arabidopsis. (a) PCR analysis of T3 transgenic
plants. lane M, DNA marker; lane 1, PCR result of plasmid
pGreen0029-35S-ZmPti1-1; lane 2, non-transformed control;
lanes 3 to 5, PCR- positive plants:L5, L10, L20; (b) expression
of independent transgenic plant lines of Arabidopsis by RNA
gel-blot analysis. Each lane was loaded with 10 g total RNA
isolated from 4-week-old seedlings of T3 transgenic
Arabidopsis. The RNA blot was hybridized with a DIG-labeled
ZmPti1-1 cDNA probe. Ethidium bromide-stained rRNA was
used as a RNA-loading control.

of tomato Pti1, soybean GmPti1 (Tian et al., 2004), sPti1a
and sPti1b (Staswick, 2000). These indicate that ZmPti11 may be a Ser/Thr protein kinase.
Phylogenetic analysis of the amino acid sequences of
plant Pti1s or putative Pti1 homologues revealed that,
ZmPti1-1 and putative rice Pti1s (GenBank accession no.
NP_001054576; AAS98413) are grouped together with
Arabidopsis putative Pti1 (GenBank accession no.
NP_001031552) which belong to dicot plants (Figure 1b).
These analyses suggest that the ZmPti1-1 may encode a
functional homologue of Pti1.

After floral dip transformation, 38 individual kanamycin
resistant lines were obtained from T0 seeds. The
kanamycin-resistant T1 plants were transferred into pots.
An initial PCR from T1 plant DNA templates confirmed
that, most kanamycin-resistant plants possess the
transformed ZmPti1-1 gene (data not shown). Only those
PCR positive T1 plants were allowed to set T2 seeds.
From T2 seeds, plants were selected on kanamycin
medium and grown in pots for T3 seeds. Populations of T3
seeds were established and were tested as homozygous
transformants. The chosen homozygous transformants
were used for PCR and RNA gel-blot analysis for further
confirmation. Three T3 transgenic lines were randomly
selected and the existence of the foreign gene in
transgenic plants was confirmed by PCR amplification
(Supplemental Figure S2a)..
Furthermore, RNA gel-blot analysis showed that
ZmPti1-1 was expressed at the higher levels in
transgenic Arabidopsis than in the wild type
(Supplemental Figure S2b). Our results demonstrated
that ZmPti1-1 was integrated into Arabidopsis genome
and expressed in transgenic Arabidopsis.
Higher survival rate and lower water loss of ZmPti1-1
transgenic Arabidopsis plants under drought
treatment
Fourteen-days old plants grown on soil were held without
watering for 9 days, then re-watered again and grown
under normal conditions for 5 days; transgenic plants
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Figure 5. Effect of ZmPti1-1 expression on drought tolerance in transgenic Arabidopsis
plants. (a) Phenotype of ZmPti1-1 transgenic plants under drought treatment: Top, wildtype (WT) and transgenic plants under normal condition; Bottom, 14-days old WT and
transgenic plants were held without watering for 9d and then, re-watered for 5 days later
photographs were taken; (b) water loss in wild-type and transgenic plants: Detached
leaves from 25-days old plants grown on soil were incubated on a Petri dish and fresh
weight (FW) was measured at the time intervals indicated, water loss was calculated from
the decrease in FW compared with time zero. Error bars indicate ±SE (n = 3). * and **,
significantly different from the WT at P < 0.05 and < 0.01, respectively, by Student’s t-test.

Table 1. Survival rates of transgenic plants under drought conditiona.

ZmPti1-1-overexpressing lines
Wild-type
L5
L10
L20

Survival
26
63**
78**
68**

b

Total
90
90
90
90

c

d

Survival (%)
29
70**
87**
76**

a

Fourteen days old soil-grown plants withheld water for 9 d, then re-watered and
scored 5 d later; b No. of survival plants; c Total no. of plants used in each assay.
d
Percentage of survival plants. * and **, significantly different from the WT at P <
0.05 and < 0.01, respectively, by Student’s t-test.

showed a stronger growth recovery phenotype than wildtype plants (Figure 2a). Only 29% of the wild-type plants
survived this treatment. In contrast, more than 70% of

ZmPti1-1-overexpressed plants survived (Table 1) which
primarily showed that ZmPti1-1transgenic Arabidopsis
increased drought tolerance.
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Figure 6. Cell membrane damage of transgenic Arabidopsis seedlings under drought
stress. (a) Electrolyte leakage of leaf cells; (b) Malondialdehyde (MDA) content of the
leaves. WT: wild type; Two transgenic lines: L5, L20. Error bars indicate ± SE (n = 3). *
and **, Significantly different from the WT at P < 0.05 and < 0.01, respectively, by
Student’s t-test.

Compared with WT, water loss in detached leaves of
transgenic plants was much lower. As shown in Figure
2b, after one hour of treatment, the water losses (%) in
detached leaves of L5, L20 transgenic lines was 15.3 and
14.7%, respectively, and significantly lower than that of
WT plants, which was 24.8%. On the sixth hour of
treatment, the water loss in detached leaves of WT
increased to about 69.1%, whereas, that of the transgenic lines L5, L20 was only 55.2 and 51.8%,
respectively. These results further showed that overexpression of ZmPti1-1 in Arabidopsis increased drought
tolerance.
Lower cell membrane damage of ZmPti1-1 transgenic
seedlings under drought stress
Drought stress usually results in increased membrane
damage of leaf cells. To study further the difference
between transgenic and WT plants under drought stress,
the electrolyte leakage (%) and MDA content of leaf cells
from Arabidopsis seedlings were determined under

drought stress for 0, 3, 7 and 14 days. As shown in
Figure 3a,b, the leaf cell electrolyte leakage (%) and MDA
content increase gradually with increasing drought
treatment, but the damage to transgenic lines was much
less than that to WT lines. For instance, after 3 days of
drought treatment, the leaf cell electrolyte leakage (%) of
WT was 21.5%, whereas, that of transgenic line L5 was
only 18.5% and its MDA content was 18.9 nmol/g fresh
weight, whereas, that of WT was 21.7 nmol/g fresh
weight.
Under drought stress, compared to wild type,
transgenic ZmPti1-1 lines have lower cell membrane
damage. These results indicate that over-expression of
ZmPti1-1 gene can decrease the injury of plants under
drought stress.
Higher RWC of transgenic plants under drought
stress
RWC was considered as a parameter to assess the water
status of plants. Before stress, the RWC (%) of trans-

Relative water content (%)
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Figure 7. Relative water content (RWC) of transgenic plants under drought treatment.
WT: wild type; Two transgenic lines: L5, L20. Error bars indicate ± SE (n = 3). * and **,
significantly different from the WT at P < 0.05 and < 0.01, respectively, by Student’s ttest.

genic plants L5, L20 was 94.1 and 95.3%, respectively,
slightly higher than that of WT plants, which was 93.5%
(Figure 4). Under drought stress, a higher water loss rate
was observed in WT plants and the difference between
transgenic and WT plants were significant. As shown in
Figure 4, after 3 days of drought treatment, the RWC (%)
of WT decreased to 83.6%, whereas, that of transgenic
lines L5, L20 was 88.3 and 90.8%, respectively. These
results indicate that over-expression of ZmPti1-1 gene
can decrease the water loss of plants under drought
stress. The higher RWC of transgenic Arabidopsis
seedlings enabled them to maintain normal cell turgor
under drought stress, which was beneficial for growth.
Higher total soluble sugar and proline content of
transgenic seedlings under drought stress
To assess whether there were differences in the accumulation of total soluble sugars and proline between
transgenic and WT seedlings, the total soluble sugar and
proline contents of leaves were determined at different
times of stress. The results are shown in Figure 5a, b.
Before stress, the contents of total soluble sugars and
proline were at similarly low levels in all seedlings. During
drought stress, a significant difference in sugar content
was observed between transgenic and WT seedlings
(Figure 5a). With regard to proline, transgenic seedlings
exhibited higher levels than WT seedlings (Figure 5b).
Under drought stress, transgenic ZmPti1-1 lines had
higher total soluble sugar and proline content than wild
type. These results suggested that over-expression of
ZmPti1-1 gene can enhance drought stress tolerance of
plants.

Higher yield of transgenic Arabidopsis plants under
drought stress
Drought tolerance is a very important limited factor in
terms of yield; seed weight is often the representative
factor of yield. Two transgenic lines (L5 and L20) and WT
plants were cultivated under drought stress or normal
condition. As shown in Figure 6, under normal condition,
seed weight of WT, L5, L20 plants was 3.53, 3.55, 3.56
g/100 plants, respectively, showing no difference. Under
drought treatment, seed weight of L5, L20 plants was
0.316 and 0.338 g/100 plants, respectively, significantly
higher than that of WT plants, which was 0.206 g/100
plants. These results showed, compared to wild type,
transgenic ZmPti1-1 lines had higher drought stress
tolerance of plants.
DISCUSSION
Protein kinases are key elements involved in plant
drought signal transduction. A number of studies
demonstrate that over-expression of protein kinase genes
can improve drought tolerance in Arabidopsis (Fujita et
al., 2009; Osakabe et al., 2010; Umezawa et al., 2004;
Xu et al., 2010), maize (Assem et al., 2009; Shou et al.,
2004), rice (Ning et al., 2010; Ouyang et al., 2010; Xiang
et al., 2007; Yang et al., 2008).
In this study, a maize cDNA designated as ZmPti1-1
was cloned and characterized. Analysis of putative amino
acid sequence in PlantsP database showed that, it
contains one protein kinase ATP-binding region signature
and four N-myristoylation sites. N-terminal myristoylation
plays a vital role in membrane targeting and signal
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Figure 8. Changes in total soluble sugar (a) and proline (b) content in Arabidopsis
seedlings under drought stress. WT: wild type; Two transgenic lines: L5, L20. Error bars
indicate ± SE (n = 3). * and **, significantly different from the WT at P < 0.05 and < 0.01,
respectively, by Student’s t-test.
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Figure 9. Seed weight of transgenic Arabidopsis plants under
drought stress. WT: wild type; Two transgenic lines: L5, L20.
Error bars indicate ±SE (n = 3). * and **, significantly different
from the WT at P < 0.05 and < 0.01, respectively, by
Student’s t test.

transduction in plant responses to environmental stress
and this modification is essential for protein function to
mediate membrane association or protein-protein interaction (Podel and Gribskov, 2004; Ishitani et al., 2000). This
strongly suggests that, ZmPti1-1, as a homologue to Pti1,
may interact with other proteins and response to stress.
The phytohormone abscisic acid (ABA) plays important

roles in the adaptation of plants to abiotic environmental
stresses such as drought and high salinity (Uno et al.,
2000). In this study, ZmPt1-1 is dramatically induced by
abscisic acid (ABA) and mannitol (data not shown). Our
results suggest that ZmPti1-1 may play roles in drought
stress through the ABA signaling pathway. Drought may
cause cellular damage and secondary stresses, such as
osmotic and oxidative stress. The initial stress signals
(e.g. osmotic and ionic effects, or temperature,
membrane fluidity changes) trigger the downstream
signaling process via protein kinases(e.g. ZmPt1-1) and
transcription controls which activate stress-responsive
mechanisms via transcriptional factors(e.g. CBF/ DREB,
bZIP) to re-establish homeostasis and protect and repair
damaged proteins and membranes. Thus, make plants of
drought tolerance or resistance.
In this study, experiments were performed for the
evaluation of drought tolerance of transgenic ZmPti1-1
lines and WT plants. Our results primarily demonstrated
that, the whole length of ZmPti1-1 cDNA driven by CaMV
35S promoter was integrated into Arabidopsis genome
and ZmPti1-1 was expressed at the higher levels in
transgenic Arabidopsis than in the wild type (Supplemental Figure S2).
Compared with WT, under normal growth conditions no
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apparent phenotypic difference was noted in ZmPti1-1
transgenic lines. However, significant differences in
drought stress tolerance appeared by phenotypic change.
The ZmPti1-1 transgenic plants displayed an improved
drought tolerance compared with the WT line (Figure
2a).. This was also characterized by the substantially
increa-sed membrane integrity as determined by ion
leakage and lipid peroxidation (MDA) (Figure 3).
Transgenic plants retained more water and solutes
content compared with the WT (Figure 2b, 4, 5). Overexpression of ZmPti1-1 gene can improve drought
tolerance in transgenic plants.
Plant yield is one useful trait for stress tolerance
evaluation. Plants at the reproductive growth stage of the
life cycle are particularly sensitive to abiotic stresses
(Boyer, 1982). Drought reduces productivity by inhibiting
plant growth and photosynthesis (Taiz and Zeiger, 1998).
Here, we investigated the plant’s response to drought
stress and recovery from the stress by exposure to
drought at the six true leaves stage for 14 days. The
reproductive development of transgenic lines was less
inhibited by drought stress compared with that of WT
(Figure 2a) and the decrease of seed weight due to
drought stress in transgenic lines was much less than
that of WT (Figure 6). Therefore, the transgenic lines had
higher yields than that of the WT lines after drought
stress. These results showed that, ZmPti1-1 may play an
important role in drought resistance signal pathway. It is
possible that the drought tolerance could be substantially
improved by the manipulation of the ZmPti1-1 gene
expression in plants.
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