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Abstract Water deficit is a significant impediment to
enhancing rice yield. Genetic engineering tools have enabled
agriculture researchers to develop drought-tolerant cultivars
of rice. A common strategy to achieve this involves express-
ing drought-tolerant genes driven by constitutive promoters
such as CaMV35S. However, the use of constitutive pro-
moters is often limited by the adverse effects it has on the
growth and development of the plant. Additionally, it has
been observed that monocot-derived promoters are more
successful in driving gene expression in monocots than in
dicots. Substitution of constitutive promoters with stress-
inducible promoters is the currently used strategy to over-
come this limitation. In the present study, a 1514 bp AP2/
ERF promoter that drives the expression of a transcription
factor was cloned and characterized from drought-tolerant
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Indian rice genotype N22. The AP2/ERF promoter was fused
to the GUS gene (uidA) and transformed in Arabidopsis and
rice plants. Histochemical GUS staining of transgenic Arabi-
dopsis plants showed AP2/ERF promoter activity in roots,
stems, and leaves. Water deficit stress and ABA upregu-
late promoter activity in transformed Arabidopsis and rice.
Quantitative PCR for uidA expression confirmed induced
GUS activity in Arabidopsis and rice. This study showed
that water deficit inducible Os-AP2/ERF-N22 promoter
can be used to overcome the limitations of constitutive pro-
moters. Transformants overexpressing Os-AP2/ERF-N22
showed higher relative water content, membrane stability
index, total chlorophyll content, chlorophyll stability index,
wax content, osmotic potential, stomatal conductance, tran-
spiration rate, photosynthetic rate and radical scavenging
activity. Drought tolerant (N22) showed higher expression of
Os-AP2/ERF-N22 than the susceptible (MTU1010) cultivar.

Keywords Abiotic stress - Water deficit stress -
Arabidopsis - Transgenic - Agrobacterium

Introduction

Rice is among the most widely cultivated and consumed
cereals in the world. Around 92% of the rice grown the
world over is produced in Asia, and 40% of the cultivated
area is rainfed and experiences water stress which accounts
for losses estimated at 200 million tons/year. Thus, rice cul-
tivars that are tolerant to drought are the need in the pre-
sent time when the world is witnessing climate change. A
common strategy for the development of plant varieties that
are tolerant to drought is to express the drought-responsive
genes under the control of a strong constitutive promoter.
(Rahman et al. 2016, Novak et al. 2013; Withanage et al.
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2015; Du et al. 2016). The cauliflower mosaic virus (CaMV)
35S is the most commonly used promoter for this purpose
(Odell et al. 1985). The 35S promoter and its derivatives
have been used to regulate the transgene expression in
monocots as well as dicots (Battraw and Hall, 1990; Benfey
et al. 1990). However, its activity is less in monocots as
compared to dicots (Gupta et al. 2001; McElroy et al. 1991;
Cornejo et al. 1993). Therefore, it is necessary to develop
monocot and dicot-specific promoters for better success of
transgenic plants. The constitutive expression of transgenes
regulated by the constitutive promoter may also adversely
impact plant development and metabolism, which ulti-
mately compromises plant growth and yield (Homrich et al.
2012). To overcome the undesirable effects of constitutive
promoters, the genes responsible for drought tolerance are
regulated by tissue-specific and/or stress-inducible promot-
ers (Banerjee et al. 2013; Yan et al. 2015). Various stress-
inducible promoters like AfRD29A (Yagamuchi-Shinozaki
and Shinozaki 1994), GmMYB363P (Li et al. 2014), BBX24
(Imtiaz et al. 2015), ZmGAPP (Hou et al. 2016), PeNAC1
(Wang et al. 2016), and OsbZIP23 (Dey et al. 2016) have
been reported. However, RD29 A (Yagamuchi-Shinozaki
and Shinozaki 1994) promoter remains the preferred choice
for regulating the expression of stress-specific genes in dif-
ferent plant species (Polizel et al. 2011; Siant Pierre et al.
2012; Engels et al. 2013; Bihmidine et al. 2013). There is a
constant endeavour to look for new constitutive and induc-
ible promoters from both monocots and dicots for scientific
and commercial purposes.

Transcription factors (TFs) are the key regulatory ele-
ments that bind to specific cis-elements in the promoter
region and thus regulate the expression of target genes
responsible for controlling the expression of gene clusters.
The transcriptional regulons regulating gene expression
under abiotic stress have been identified in Arabidopsis and
rice (Sahu et al. 2016). The AP2/ERF is the largest among
the plant-specific TF families and has four major subfami-
lies i.e., AP2, ERF, DREB (dehydration-responsive element-
binding protein), and RAV (RELATED TO ABI3/VP1).
Transcription factors belonging to these subfamilies regu-
late gene expression in response to cold, dehydration, heat
shock, ethylene, and the development of flowers, embryos,
and seeds (Mizoi et al. 2012; Dietz et al. 2010; Kagaya and
Hatori 2009). In our group’s previous studies, a gene encod-
ing drought and ABA-responsive transcription factor were
identified from drought-tolerant rice genotype N22 (Maw-
long et al. 2014, 2015, 2018; Kumar et al. 2018). The expres-
sion of this gene named Os-AP2/ERF-N22 was studied at
transcript and protein levels after exposing rice plants to
drought, drought+ ABA, and ABA treatment. It was found
that the expression of Os-AP2/ERF-N22 increased at both
transcript and protein levels under the effect of drought and
ABA (Kumar, 2018). Based on this finding, we hypothesized
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that the promoter of Os-AP2/ERF-N22 could be utilized for
regulating the expression of drought-inducible genes. To test
this hypothesis, the 1514 bp Os-AP2/ERF promoter region
before the transcriptional start site of the AP2/ERF gene
was isolated and characterized. The activity and drought
inducibility of this promoter was analyzed in the leaves of
transformed Arabidopsis and rice plants. There are no pre-
vious reports available on the isolation and characteriza-
tion of drought and ABA-responsive promoter of the AP2/
ERF family. Os-AP2/ERF-N22 was overexpressed in rice
and physio-biochemical analysis of transformants was done.
Relative expression of Os-AP2/ERF-N22 was also studied
in contrasting cultivars for drought tolerance.

Materials and methods
Experimental site

The experiment was conducted at the National phytotron
facility, IARI, New Delhi, India, which is located at 77° 09 E
longitude, 28°38 N latitude, and 228 m above the mean sea
level.

Biological materials and chemicals

Drought tolerant (N22) and drought susceptible (MTU 1010)
cultivars of rice were used in this study, and plants were
grown at 30 °C+2 °C temperature, 90% relative humidity at
the National phytotron facility, Indian Agricultural Research
Institute, New Delhi in earthen pots of 24 cm diameter that
were filled with sterilized clay and farm yard manure (2:1
ratio). The plants were watered every morning. Drought
was induced by withholding water for two days, four days,
and six days respectively. Arabidopsis thaliana wild-type
(ecotype Col-0) plants were used for the experiments. The
plants were grown at a temperature of 22 +2 °C, 16-h light,
and 8-h dark cycle at the National Phytotron Facility, New
Delhi. pGEM-T Easy vector and the pORE R2 binary vec-
tor were procured from Promega, the USA, and NRCPB,
New Delhi, respectively. New England Biolabs (England)
supplied E. coli (DH5a), restriction enzymes, and Phusion
DNA polymerase. T4 DNA Ligase, dNTPs, Gene Ruler 1 kb
DNA ladder, and TRI reagent were purchased from Thermo
Fisher Scientific (USA). X-gal, IPTG, kanamycin, and ampi-
cillin were purchased from Sigma Aldrich (USA). LB, LA,
agarose and rifampicin were procured from HiMedia (India).

Quantitative gene expression analysis of Os-A P2/
ERF-N22

For qRT-PCR, the total RNA of rice seedlings was extracted
using a TRIZOL reagent. To synthesize the first strand
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cDNA, Thermo Fisher Scientific (USA) RevertAid first
strand cDNA synthesis kit (Cat. No. K1622) was used.
cDNA of different samples was used as a template to amplify
the Os-AP2/ERF-N22 transcript. The PCR reaction mixture
comprised of 10 pl 2X KAPA SYBER FAST gqPCR master
Mix Universal, 1 pl diluted cDNA, 0.4 ul forward primer
(10 uM), 0.4 pl reverse primer (10 uM), and 8.2 pl nuclease-
free water. OsActin served as an internal reference. The spe-
cific primers for Os-AP2/ERF-N22 gene, Os-AP2/ERF-N22
promoter (Forward: F1 and Reverse: R1) and actin (Forward:
F2 and Reverse: R2) were designed using primer 3 software
(Table S2). The samples were taken in triplicate for quantita-
tive analysis under the standard thermal cycling programme.
The Ct value thus obtained was used to calculate the rela-
tive change in the expression of Os-AP2/ERF-N22 (2”-ddct).
Results were presented as fold change in the transcript level
of Os-AP2/ERF-N22 transcription factor normalized to the
Actin gene.

5’ RACE for mapping of TSS (Transcriptional start
site)

The TSS (Transcriptional start site) of Os-AP2/ERF-N22
transcript was identified by 5' RACE (Rapid amplification
of cDNA end). 5’ First Choice RLM-RACE kit by Ambion,
USA was used. Total RNA from the leaf was used as a
template for 5' RACE PCR analysis. The 5' RACE outer
forward primer (F3), 5' RACE Os-AP2/ERF-N22 specific
outer reverse primer (R3), 5' RACE inner forward primer
(F4), and 5' RACE Os-AP2/ERF-N22 specific inner reverse
primer (R4) were used (Table S2).

Cis-element analysis

Approximately 1.5 kb DNA ahead of the start codon of
Os-AP2/ERF-N22 was identified from the phytozome. The
cis-elements in the promoter were identified with the help
of PLACE (https://integbio.jp/dbcatalog/en/record/nbdcO
0168) and the PlantCARE database (http://bioinformatics.
psb.ugent.be/webtools/plantcare/html/).

Cloning of Os-AP2/ERF promoter in pGEMT-Easy
and pORE R2 binary vector

Genomic DNA was isolated from rice seedlings using the
CTAB method (Doyle and Doyle, 1987). Approximately
1.5 kb nucleotide stretch upstream of the start codon of Os-
AP2/ERF-N22 was identified from chromosome 6 of the
Oryza sativa DNA sequence available at Phytozome. From
this sequence, the Forward (F5) and Reverse (RS) primers
were designed. The Xhol site in the forward primer (F5) and
the BamHI site in the reverse primer (R5) was introduced
(Table S2). The promoter sequence was amplified from the

genomic DNA following the standard PCR program. Taq
polymerase and Phusion polymerase were used to amplify
the promoter. The amplified promoter was purified using
a PCR purification kit from Qiagens and then cloned in
pGEMT-Easy and also in the pPORE R2 binary vector that
has the GUS reporter gene (uid A). The recombinant plas-
mids were transformed into E. coli host (DH5a competent
cell). Transformed plasmids were identified (Sambrook and
Russel, 2001) and restricted with Xhol and BamHI. The
recombinant plasmids were given for Sanger sequencing to
GCC Biotech. Ltd. The in-silico analysis of cis-regulatory
elements present in the promoter was done with the help of
the PLANTCARE database.

Agrobacterium-mediated transformation of Arabidopsis

The Os-AP2/ERF promoter was cloned in a promoterless
PORE R2 binary vector. Os-AP2/ERF promoter- pPORE R2
construct was transformed in Agrobacterium tumefaciens
strain EHA 105 by the freeze-thaw procedure. Kanamycin
and rifampicin were used to select the transformed colo-
nies of Agrobacterium tumefaciens. Screening of recombi-
nant colonies was done with colony PCR using Os-AP2/
ERF promoter-specific primers (F5 and R5 mentioned in
Table S2). Arabidopsis plants at the four-week stage with
sufficient inflorescence were transformed with recombinant
Agrobacterium using the floral dip protocol (Zhang et al.
2006). The transformed Arabidopsis plants were stored in
the dark for 12 h, after which they were grown under nor-
mal conditions. The seeds were collected after the siliques
matured, and dried. After sterilization, they were subjected
to kanamycin selection (30 pg/ml) on Y2 MS media. The
transformation efficiency of Arabidopsis plants with Os-
AP2/ERF promoter-pORE R2 construct was found to be
0.67 (Table S1). Once the transformed Arabidopsis plants
attained the four-leaf stage, those that survived the kana-
mycin selection developed roots. These plants having roots
were transferred to pots containing soilrite media and were
grown till their maturity to get T2 seeds. The sterilized T2
seeds were grown on kanamycin-containing media for fur-
ther selection. A total of ten Arabidopsis plants having Os-
AP2/ERF promoter-pORE R2 construct survived kanamy-
cin-based selection in the T2 generation. Arabidopsis plants
transformed with CaMV 35S promoter to be used as positive
control showed kanamycin resistance. Next, genomic DNA
was extracted from the leaves of the ten T2 plants (approxi-
mately four weeks old) having Os-AP2/ERF promoter-pORE
R2 construct. The transformed plants were screened through
PCR using this genomic DNA and primers specific for Os-
AP2/ERF promoter (F5 and RS). The PCR reaction mixture
comprised of genomic DNA of transformed Arabidopsis
plants (100 ng), forward and reverse primers (0.4 pM each),
dNTP (0.2 mM), Taq bufter (10X), Taq polymerase (1.25
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U), and water (nuclease-free). The final volume was made
up to 20 pl. The PCR program was the same as the one used
for the amplification of rice Os-AP2/ERF promoter with Taq
polymerase, as described earlier. The transformed Arabi-
dopsis thaliana plants were also screened with GUS (uid A)
specific primers F6 and R6 (Table S2). For this, the reaction
mixture comprised of genomic DNA (100 ng), forward and
reverse primers (0.4 pM each), dNTP (0.2 mM), Taq buffer
(10X), Taq polymerase (1.25 U), and water (nuclease-free).
Volume was made up to 20 pl. PCR program used was a.
initial denaturation: at 94 °C for 5 min b. denaturation: at
94 °C for 1 min, annealing: at 54 °C for 45 s, extension: at
72 °C for 1 min, c. 35 cycles of steps b, d. final extension
at 72 °C for 10 min. PCR screening showed that from the
total of ten Arabidopsis plants that survived on kanamycin in
the T2 generation, only two were positive for Os-AP2/ERF
promoter as well as uid A. The histochemical GUS staining
was performed on these two plants.

Histochemical GUS staining

Fresh tissue from Arabidopsis plants was harvested and
kept in the GUS staining solution (Composition: sodium
phosphate buffer (pH 7.2, 50 mM), potassium ferricyanide
(2 mM), potassium ferrocyanide (2 mM), X-Gluc (2 mM),
methanol (20%), and Triton X 100 (1%), (Jefferson et al.
1987; Vijyan et al. 2015). After staining, the chlorophyll was
removed using 70% ethanol. These leaves were then exam-
ined under a compound light microscope, and the image
was captured.

Quantitative expression of GUS (uid A) gene

For quantitative estimation of GUS expression, qRT PCR of
the uidA gene was done according to the method discussed
by Tewari et al. (2018). RNA from the leaves of GUS-pos-
itive plants was isolated and quantified. Its integrity was
checked through the 260/280 absorbance ratio and also by
agarose gel electrophoresis. The first strand cDNA was syn-
thesized using the Thermo Fisher Scientific (USA) Revert
Aid first strand cDNA synthesis kit. qRT PCR was done
on a Real-Time PCR Detection System of Bio-Rad, USA.
Arabidopsis thaliana and rice actin genes served as refer-
ence gene for qRT PCR analysis. Each sample was taken in
triplicate for qRT PCR analysis. The 20 pl reaction mixture
comprised of 100 ng cDNA, kappa SYBR Green fast gPCR
kit master mix (2X), respective primer pairs for GUS (For-
ward: F7 and Reverse: R7), Actin of Arabidopsis (Forward:
F8 and Reverse: R8), and rice (Forward: F2 and Reverse:
R2) (Table S2). Reactions were done in triplicates, and the
average Ct value was determined.
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Southern blot analysis

Genomic DNA was isolated from transformed Arabidopsis
leaves using the CTAB-based protocol (Doyle and Doyle
1987), and its concentration was estimated using nanodrop.
Approximately 2.5 mg of isolated DNA was digested with
EcoRlI restriction enzyme and electrophoresed in a 1% aga-
rose gel in TBE (1X) buffer. After depurination, denatura-
tion, and neutralization treatments, the DNA was transferred
to the nylon membrane (Sambrook et al. 2001). [a32]-dCTP
using DecalLabelTM labelling kit from Fermentas, was used
to label the probe DNA. Hybridization and washing steps
by Ramanathan and Veluthambi (1995) were followed. The
X-ray film was used to get an autoradiographic image, and
the image was developed using Photon X-ray developer.

In-planta transformation of rice
Transformation of rice for Os-AP2/ERF-N22 promoter.

MTU1010 genotype of rice was transformed with Agro-
bacterium containing Os-AP2/ERF-N22 promoter-pORE
R2 recombinant plasmid by the in-planta transformation
method. Hundreds of rice seeds were surface sterilized with
Bavistin (1% w/v) for 10 min, followed by HgCl, (0.1%)
for a few seconds. Seeds were soaked overnight in double
distilled water and then germinated on sterile wet blotting
paper in Petri plates at a temperature of 30 °C. The Agro-
bacterium tumefaciens (strain EHA 105) containing Os-
AP2/ERF-N22-promter-pORE construct was inoculated in
a 5 ml Luria broth (LB) medium having kanamycin (50 mg/
ml) and rifampicin (10 mg/ml) and kept at 180 rpm in a
shaker for 24 h to get primary culture. Three ml of primary
culture was resuspended into 50 ml of AB media (pH 5.2)
and kept at 180 rpm in a shaker for 18 h to get second-
ary culture. Tobacco leaves (8 g) were crushed in 20 ml of
double distilled water to prepare the tobacco leaf extract. It
was added to Agrobacterium secondary culture 5 h before
infection. The apical meristem and inter-cotyledonary region
of rice seedlings with plumule were pricked with a sterile
needle and dipped in Agrobacterium secondary culture for
1 h. After that, the seedlings were washed with sterile water
and germinated under the aseptic condition at National Phy-
totron Facility, IARI, New Delhi. Seventy-three transformed
seedlings that germinated were then further grown on soil
rite media for the next 15 days. The GUS activity test was
done on ten randomly selected rice seedlings, two days after
the in-planta transformation to check the transformation
efficiency. Three of these seedlings developed blue colour,
which showed that they were GUS-positive and transfor-
mants. The remaining sixty-three seedlings were transferred
from soil rite media to soil and grown till maturity to get
T1 seeds. The sterilized T1 seeds were grown on soil rite
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media, healthy seedlings were transferred to soil, and grown
for further selection. Genomic DNA was isolated from ten
healthy one-month-old rice plants. With this genomic DNA
as a template, PCR with GUS-specific primers F6 and R6
(Table S2) was done using the GUS sequence present in the
pORE R2 binary vector. PCR-positive plants were grown
in phytotron till maturity to get T2 seeds. The sterilized T2
seeds were grown in a phytotron and PCR-based screening
using GUS-specific primers F6 and R6 (Table S2) was done
in one-month-old rice plants.

Transformation of rice for overexpression of Os-AP2/
ERF-N22

The PCR amplified Os-AP2/ERF-N22 and binary vector
pCAMBIA1302 were restricted with restriction enzymes
Ncol and BglIl. The restricted Os-AP2/ERF-N22 was cloned
in pCAMBIA1302. The recombinant construct was named
pCAMBIA1302:RD29A-0Os-AP2/ERF-N22 (Fig. 3A). The
primers F9 and R9 were designed for the amplification of
RD29A promoter using primer 3 software with an expected
amplicon size of 450 bps (Table S2). MTU1010 genotype
of rice was transformed with pPCAMBIA1302:RD29A-Os-
AP2/ERF-N22 by the in-planta transformation method. PCR
analysis was done to confirm the integration of the AP2/
ERF gene, RD29A promoter, and hpt marker, and only those
giving the required amplicon size of 964, 450, and 160 bp,
respectively were raised to maturity. Southern blot analysis
for the integration of the promoter was done using RD29A
as a probe.

Relative water content (RWC)

The RWC of rice leaves was measured according to the
method discussed by Barrs and Weatherly (1962).

Membrane stability index (MSI)

The MSI was estimated using the method reported by Sairam
et al. (1997).

Total chlorophyll content

The total chlorophyll content was estimated according to the
method of Hiscox and Israelstam (1979).

Chlorophyll stability index (CSI)

CSI was estimated using the method of Koleyoreas (1958).

Wax content

Wax content was measured using the colorimetric method of
Ebercon et al. 1977.

Osmotic potential measurement

The leaf osmotic potential of the sample was measured
according to the protocol given by Arndt et al. (2015).

Photosynthetic rate, stomatal conductance,
and transpiration rate

Photosynthetic rate, stomatal conductance, and transpiration
rate were estimated in completely expanded flag leaves of
rice using IRGA (Infrared gas analyzer), LI-6400 Model.
These parameters were determined between 10.00 am and
12.00 pm.

Radical scavenging activity (RSA)

RSA was estimated using the method of Mensor et al.
(2001).

Seed yield

Seed yield was estimated by collecting the rice tillers from
plants and presented in terms of gram/plant.

Results

An AP2/EREF transcription factor was identified from the
Phytozome database. It had cis-acting elements ABRE
and DRE within 500 bp upstream of its initiation codon.
Intrigued by the presence of cis-elements pertaining to
drought and ABA response in its promoter, we isolated
and characterized the corresponding gene from the N22
cultivar of rice and named as Os-AP2/ERF-N22 (Mawlong
et al. 2014, 2015). Relative expression of Os-AP2/ERF-N22
was studied in contrasting cultivars for drought tolerance.
Os-AP2/ERF-N22 was overexpressed in drought-susceptible
(MTU 1010) cultivar of rice and physio-biochemical analy-
sis of transformants (T2) was done under imparted drought.
The promoter of Os-AP2/ERF-N22 was cloned in promoter
less pPORE R2 binary vector and characterized in Arabi-
dopsis thaliana and rice by the GUS reporter system under
drought and ABA.

Identification of transcription start site (TSS) of
Os-AP2/ERF-N22

The in-silico analysis of the genes adjacent to Os-AP2/
ERF-N22 on chromosome no. 6 of rice revealed that the

@ Springer



1818

Physiol Mol Biol Plants (October 2022) 28(10):1813-1831

inter-gene distance between Os-AP2/ERF-N22 encoding
gene (ID: LOC_0S06g40150) and next adjacent gene (ID:
LOC_0S06g40140) is about 6.706 kb. To localize the cis-
regulatory motifs upstream of Os-AP2/ERF-N22, the TSS
was determined by 5' RACE (Fig. 1). The PCR products
of outer 5' RLM RACE (200 bp) and inner 5' RLM RACE
(154 bp) were run on 1.2% agarose gel (Fig. 1). The purified
PCR products were sequenced to determine 5’ ends of the
products. The 43 nucleotides (GGGAGAATTCTTCAGGGA
CAGTATCCCTGCAGAGGTGAGATC) were confirmed as
TSS of Os-AP2/ERF-N22 based on the sequencing result
(Fig. 7). The ATG codon immediately after TSS is consid-
ered as the translational start site of Os-AP2/ERF-N22.

Expression of Os-AP2/ERF-N22 in a tolerant
and susceptible cultivar of rice in response to Water
deficit stress (WDS)

Differential expression of Os-AP2/ERF-N22 transcript and
relative water content (RWC) in the leaves of drought toler-
ant (N22) and drought susceptible (MTU1010) cultivars of
rice were assessed after subjected to drought for 2, 4 and
6 days respectively. RWC decreased from 82.14 to 55.89%
in MTU1010 and 87.48 to 60.77% in N22 after withholding
water for 2, 4, and 6 days respectively, in case of drought
treatment (Fig. 2A). Among cultivars, N22 maintained a
higher RWC than IR64 at different stress levels. Relative

M 1 2

Fig. 1 Mapping of the transcription start site of Os-AP2/ERF-N22.
5" RACE (Rapid Amplification of cDNA End) PCR analysis; Lane
M: 100 bp gene ruler, Lane 1: 200 bp amplicon obtained by 5’ RACE
Os-AP2/ERF specific outer primer and 5’ RACE outer primer, and
Lane 2: 154 bp amplicon obtained by 5’ RACE Os-AP2/ERF specific
inner primer and 5’ RACE inner primer
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expression of Os-AP2/ERF-N22 increased as stress pro-
gressed, and higher expression was found in N22 (2.85-
fold) as compared to MTU1010 (2.42-fold) after six days of
withholding water (Fig. 2B). This difference in the relative
fold expression can be explained by the draught inducible
character of this transcription factor.

Physio-biochemical analysis of rice transformants
overexpressing Os-AP2/ERF-N22

Seven healthy transgenic rice plantlets were used for PCR-
mediated selection to confirm the integration of the Os-AP2/
ERF-N22, RD29A promoter, and spt marker, and only those
giving the required amplicon size of 964, 450, and 160 bp,
respectively were raised to maturity. Out of these, three
seedlings were found PCR positive for all three (Fig. 3B). To
evaluate the drought tolerance capability of Os-AP2/ERF-
N22 transformants, transformants and wild-type plants were
exposed to drought treatment, and various physio-biochemi-
cal indices associated with WDS were analyzed.

No significant difference was observed in the leaf RWC,
MSI, total Chlorophyll content, CSI, Photosynthetic rate,
and Seed yield of transgenics and wild type under control
conditions. However, the transgenic line showed signifi-
cantly higher leaf RWC, MSI, Total chlorophyll content,
CSI, Photosynthetic rate, and Seed yield under water deficit
stress (Fig. 4A-E and K). Under WDS conditions, the per-
centage decrease in these physio-biochemical parameters
was higher in the wild type than in transgenics.

Stomatal conductance indicates the degree of stomatal
opening and can be used as an indicator of plant water status.
Transpiration means the loss of water through aerial parts in
plants. Plants experience water deficit stress when the tran-
spiration rate becomes very high. Under control conditions,
there was no significant difference between the stomatal con-
ductance and transpiration rate of wild-type and transgenics.
However, under WDS, a decline in the stomatal conduct-
ance and transpiration rate of wild type and transgenics was
observed. The declination was more in transgenics than wild
type (Fig. 4F, G).

No significant difference was observed in the osmotic
potential and wax content of wild-type and transgenics under
control conditions. However, under water deficit stress, the
osmotic potential and wax content was found to be more
in transgenics than wild type (Fig. 4H, I). An increase in
osmotic potential was due to increased hydrolysis of mac-
romolecules into simpler ones.

The radical scavenging activity under control conditions
was found to be 18.12% in the wild type and 20.16% in the
transgenic line. Under WDS, the radical scavenging activity
was found to be more in transgenics (37.47%) than wild type
(31.17%) (Fig. 4J). Thus, the ability of transgenics to tolerate
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Fig. 2 Relative water content A
(RWC) and expression of Os-
AP2/ERF-N22 transcripts in a
tolerant (N22) and susceptible
(MTU1010) cultivar of rice in
response to water deficit stress.
(A) Relative water content (%),
and (B) quantitative Real-Time
PCR analysis of Os-AP2/ERF-
N22 transcript after withhold-
ing water for 2, 4, and 6 days.
Values represent mean + SEs,
n=23. The different letters which
mark the mean values indicate
significant differences between
treatments at P <0.05

Relative Water Content (%)

MTU1010
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WDS by scavenging the reactive oxygen species was more
than the wild type.

Isolation and cloning of Os-AP2/ERF promoter
from rice

Approximately 1.5 kb promoter sequence upstream of the
Os-AP2/ERF transcription start site was amplified from the
N22 cultivar. The amplified sequence was first cloned and
sequenced in the pPGEM®-T Easy vector (Fig. 5A) and then
into the promoter less pPORE R2 binary vector (Fig. 5B).
Based on the results from the sequencing of Os-AP2/ERF-
pGEM®-T Easy and Os-AP2/ERF- pORE R2 clones, the
Os-AP2/ERF promoter sequence was assembled and depos-
ited in NCBI Gene Bank (accession no. KJ580618). Cloning
of the Os-AP2/ERF-N22 promoter in the pORE R2 vector

MTU1010 MTU1010

4 Days 6 Days

= =
I I
E £
E -]
I ]
(&) o

MTU1010

enabled the GUS gene (uidA) present in this vector to be
regulated by the Os-AP2/ERF-N22 promoter (Fig. 5C, D).

In-silico analysis of cis-regulatory elements in water
deficit stress responsive Os-AP2/ERF-N22 promoter

The Os-AP2/ERF-N22 promoter sequence of Oryza sativa
sp. indica (N22) was compared with the Os-AP2/ERF pro-
moter sequence of Oryza sativa sp. japonica (available in
the Phytozome database) and differences were observed
in their nucleotide sequence which included six single
nucleotide polymorphisms and deletions at six positions
(Fig. 6). Further, insilico analysis of important cis-reg-
ulatory elements of Os-AP2/ERF promoter from Oryza
sativa sp. indica and Oryza sativa sp. japonica using
PLACE and PlantCARE database revealed the presence

@ Springer



1820

Physiol Mol Biol Plants (October 2022) 28(10):1813-1831

Promoter

Fig. 3 (A) Schematic representation of recombinant pCAMBIA
1302 vector with Os-AP2/ERF-N22 gene. (B) PCR screening of
transformed rice plants (T1) using RD 29A-specific primers. (C) PCR

100

Relative water content (%)
3

Fig. 4 Physico-biochemical analysis of transgenic rice (T1) leaves:
(A) Relative water content; (B) Membrane stability Index; (C) Total
chlorophyll content; (D) Chlorophyll stability Index; (E) Photosyn-
thetic rate; (F) Stomatal conductance; (G) Transpiration rate; (H)
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screening of transformed rice plants (T1) using Os-AP2/ERF-N22
specific primers. (D) PCR screening of transformed rice plants (T1)
using hpt marker-specific primers
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Osmotic potential; (I) Wax content; (J) Radical scavenging activity;
and (K) Seed yield. Means + SEs, n=3. The means marked with dif-
ferent letters indicate significant differences between treatments at
P <0.05 according to Duncan’s multiple range test
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Fig. 5 Cloning of Os-AP2/ A
ERF-N22 promoter. (A) Clon-
ing in pGEMT vector; Lanes

1 and 2: 1.5 kb PCR amplified
promoter region of Os-AP2/
ERF-N22; Lanes 3 and 4:
Colony PCR screening for
recombinants; lane 5: Restric-
tion analysis of Os-AP2/EFR-
N22 promoter ligated in vector
with BamHI and Xhol; lane M:
1 kb gene ruler. (B) Cloning

in pORE R2 binary vector;
Lanes 1 and 2: 1.5 kb PCR
amplified promoter region of
Os-AP2/ERF-N22; Lanes 3 and
4: Colony PCR screening for
recombinants; lane 5: Restric-

1 2M 34M 56M

1.5kb 1.5kb 1.5kb
1.5kb

12M 34 M 5 M

tion analysis of Os-AP2/EFR-

N22 promoter ligated in vector

with BamHI and Xhol; lane M:

1 kb gene ruler. (C) Schematic
representation of promoterless

PORE R2 binary vector. (D)

Schematic representation of

recombinant pORE R2 binary

vector with Os-AP2/ERF-N22

promoter D

P ENTCUP2

- KK Tyos -

Promoterless
PORER2

promoter (1514 bp)

O APVERF-N22 <

of thirteen important cis-regulatory elements associated
with drought and ABA responsiveness in both of these
promoters (Alessandra et al. 2017). The identified cis-
regulatory elements are MYBCORE, MYB2CONSENSU-
SAT, ABRELATERD1, ACGTATERDI1, LTRECOREAT-
COR15, DRE2COREZMRAB17, DRECRTCOREAT,
MYBATRD22, MYB1AT, MYB2AT, ABRE, MBS and
WRKY710S (Fig. 7 and Table 1). Eighteen TATA-box
and 14 CAAT-box were also found upstream of the transla-
tional start site (Fig. 7). The predicted position, sequence,
and function of TATA-box and CAAT-box are mentioned
in Table S3. The Os-AP2/ERF promoter from indica and
japonica species differ with respect to the copy number
of MYBIAT and WRKY710S cis-regulatory elements.
In the Os-AP2/ERF-N22 promoter from indica species,
there are two copies of MYBI1AT cis-regulatory elements,
whereas the Os-AP2/ERF promoter from japonica species
has three copies of MYB1AT. Likewise, there are eleven
copies of WRKY710S in the Os-AP2/ERF-N22 promoter
from indica species, whereas the Os-AP2/ERF promoter
from japonica species has ten copies of WRKY710S
(Table 1).

(8367 bp)

gusA l_EI Tvos Pexrcur: I nptll | Tyos

Os-APVERF-N22
Promoter + pORER2
(9851 bp)

Activity of rice Os-AP2/ERF-N22 promoter
in transgenic Arabidopsis

In order to analyze the activity of the promoter, the Os-
AP2/ERF-N22 promoter-pORE R2 recombinant plasmid
was first mobilized in Agrobacterium tumefaciens (EHA
105) and then in Arabidopsis thaliana by floral dip method
(Zhang et al. 2006). Transformed Arabidopsis seeds were
selected by kanamycin selection (Fig. 8), and at a later
stage the transformed seedlings (T2) were subjected to
PCR-mediated selection to confirm the presence of uid A
gene (Fig. 9A) and Os-AP2/ERF-N22 promoter (Fig. 9B).
Out of ten, two plants were found positive for both uid A
gene as well as Os-AP2/ERF-N22 promoter in PCR medi-
ated selection. The southern blot analysis also confirmed
the presence of a single copy of Os-AP2/ERF-N22 pro-
moter in the transgenic Arabidopsis (Fig. 9C). The GUS
staining assay showed the activity of this promoter in the
leaves, roots as well as stem of the transgenic Arabidop-
sis. In a comparison of GUS activity in transgenic Arabi-
dopsis plants with Os-AP2/ERF-N22 promoter-driven
GUS expression and those with CaMV35S constitutive
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Fig. 6 Single nucleotide polymorphisms (SNPs) and deletions in between promoter region of Indica (N22 genotype) and Japonica (sequence
available at phytozome database) group of rice

promoter-driven GUS expression, it was observed that = was further analyzed in the leaves of 30 days old T1
the intensity of blue colour developed in the GUS assay  transgenic Arabidopsis seedlings having Os-AP2/ERF-
was higher in the plants having CaMV35S driven GUS  N22 promoter-pORE R2 construct under osmotic stress
expression (Fig. 10). Molecular analysis of transgenics  conditions. The leaves from these plants were subjected
was continued through T-1 and T-2 stage. GUS activity  to osmotic stress by PEG treatment (10 g/L). It was
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Fig. 7 Promoter sequence with CATT-box
different stress-responsive, -1514 ATGGAACTGTAAAAGCACCCGGACGGARGCCCCATTCAATTCGATCGGCCGGACARACAR
TATA-box and CAAT-box cis- CATT-box
elements =1454 TGGCAACGAACTCACTCCGCCATTAACTCCGTTTCACCTTTTTACGGAGAGAAGAGCAAG
CATT-box
=13%4 TICTTCTIGCTGCTGCAATGCTGTGTGCGCCTTCCTTGCCGATGCGUCATGGATGGATGGA
CATT-boX MYBcore MYB2CONSENSUSAT/MBES
=1334 TGATTGGCTGCTTGATTGGGGCAGTTATTGCAGGCCAACTGCTCTGTCGAAMGAGTGTCC
-1274 CTCGGARAGTGGCTTTAGAAGTTGGAGTAAMN CTTGCAGTGCATGGCATACATACAGCAT
=1214 GGAGTGGTATTACCTTGGTTACGAACGCCCATCAAGTCCATTTCTGGAGTAGTACACACT
=1154 GICCAAGCTTCAGTGTTTGTACCCGGAAAGARATECACATTAGCCATATGCGCAAGGCARA
CATT-box MYBcore
=1094 GGCAAGGCATTGAGCAAAGTTAGATTCATCAGTTACTAGTTTAGCTAGTTAGCACATACA
CATT-box
=1034 CACTACTGGACAATGACTAGCGAGTGAGCTTAGCTAGCTGATCGGOGACAAGTGACAACT
CATT-box
=974 AGCTAGT TAGCAATAMGAGCTGGTGATGGTTAGCTCATCTCAGTTCATCCTTAGGTTTTC
-914 CTCCAGTGAAGGCCATARATGAGGTCACCARGGGCGTAGEGTGGEEEAGTTTATTACCGE
, ) . DREZ2COREZMRAE17/DRECRTCOREAT/LTRECOR
-8B854 CETACTGGECAGAGRAGGTGETATGCCGCTCEGCCACAGTTCACCGACAGCCCACCCCAGCR
=794 GCCCATGAGEECCCCOCATCCTCTTTCCATCTATCTCTCTCTTCCACTAATCTCACCARR
=734 GAGTCTTCTTCACT TCCTTCTCTAGGCTTATTAACAGCTTATTTCTGATCTCTCACATTT
MYBcore
=674 TCAGTTTTATCTCATCCCTCCTGCTAGATATTACTGTTGCTGGCCCCAACCACCCTGCAT
=614 GGATTACAACACAAGTTTATCAGTACCACTGTGGTTCARAGTAGTGTATGTACTGGACTC
CATT-box CATT-box
=554 GTGGAGTTATGACCACAAGGAMAT TGACCAGARAGTTAATTACAATGACTGAAGGTGTGT
=494 ACTCACTTGGTCCTEECAGAGTAGAAGGAGAGTACACCAACTAGATCTGAACCCTGGTGT
ABRE /ABRELATERD1/ACGTATE
-434 GCTACTGTACCAARAAGGCTAAGGCCACTGACAGAGGAGATACGTGACAGACAAGTCCCALG
MYBcore CATT-box
=374 TTGAGTTACTGTCCARC CCCCAATCTAACCCTCTTCTACCACCACCCCCACTCGTGCGCC
TATA-box TATA-box
=314 ACAGCGCTCTCACACGCGCEGCCACACTCATGCCATGTATG
TATA-box CATT-box TATA-box
-254
TATA-box
-194  AGGGGTGGCAGGTAGTTTATATTCACTGGAAACCGAGAACTTTACTCCTCCCAGCACTCC
-131  CACACTAGGAGGAGGCTCACTGTCTGACTGACTGACTGGCTGCTGCTGCTGCTCATTCCT
TS5 (Transcriptional start site
=74 CGGGAGAR : !

of 43 nucleotides)

-14

GCAGAGGTGAGATCATG
4+l (Translational start site)

observed that these PEG-treated leaves developed more
blue colour as compared to the leaves from control plants
(transformed Arabidopsis) that were not subjected to PEG
treatment (Fig. 11A). This observation was further vali-
dated by quantitative relative expression analysis of GUS
(uid A) gene in the T1 transgenic Arabidopsis seedlings.
The results showed a 1.32-fold higher expression of GUS
(uid A) in the leaves subjected to 10 g/L PEG treatment
compared to the leaves from control plants (transformed
arabidopsis) that were not subjected to PEG treatment

(Fig. 11B). Quantitative relative expression analysis of
GUS (uid A) gene was also performed in the ABA treated
(100 mM) leaves as well as PEG treated leaves (with two
different PEG concentrations i.e. 5 and 10 g/L) of 30 days
old T2 transgenic Arabidopsis seedlings having Os-AP2/
ERF-N22 promoter-pORE R2. The results showed 1.51-
fold higher expression of GUS (uid A) in the leaves sub-
jected to ABA treatment as compared to the control (trans-
formed Arabidopsis seedling without osmotic stress). In
the leaves subjected to 10 g/L PEG treatment, 1.73-fold
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Table 1 Comparison of drought-responsive Cis-elements in Os-AP2/ERF promoter of Oryza sativa sp. indica (N22) and Oryza sativa sp japon-

1ca

Cis-regulatory elements

Core sequence Number of cis-elements

Putative function

Indica (N22 Japonica

genotype)
MYBCORE CNGTTR 6 6 High salinity, cold, Heat, ABA and dehydration responsive
MYB2CONSENSUSAT YAACKG 4 4 Dehydration responsive
ABRELATERD1 ACGTG 1 1 Dehydration responsive
ACGTATERD1 ACGT 2 2 Dehydration responsive
LTRECOREATCORI15 CCGAC 1 1 Low temperature, Drought response
DRE2COREZMRAB17 ACCGAC 1 1 Dehydration, high salinity and cold responsive
DRECRTCOREAT RCCGAC 1 1 Dehydration, high salinity and cold responsive
MYBATRD22 CTAACCA 1 1 ABA and Dehydration responsive
MYBIAT WAACCA 2 3 ABA and Dehydration responsive
MYB2AT TAACTG 2 2 Drought responsive
ABRE TACGTG 1 1 ABA responsive
MBS CAACTG 2 1 Drought responsive
WRKY710S TGAC 11 10 Drought responsive

The symbol N represents A or C or G or T; R represents A or G; K represents T or A; Y represents C or T; and W represents A or T

Fig. 8 Selection of transformed
Arabidopsis thaliana seedlings.
(A) Arabidopsis thaliana (wild
type) seeds on %2 MS media
alone (control); (B) Arabidopsis
thaliana seeds (from plants
transformed with Os-AP2/ERF-
N22 promoter-pORE R2 con-
struct) grown on ¥2 MS media
also containing kanamycin.
Only the kanamycin-resistant
transgenic seedlings retain the
dark green colour, whereas the
non-transformed seedlings are

of pale light green colour

Fig. 9 Screening of transformed Arabidopsis thaliana plants. (A)
PCR mediated screening of Arabidopsis thaliana plants (with Os-
AP2/ERF-N22 promoter-pORE R2 construct) using GUS (uid A)
gene specific primers; Lanes 1-6: PCR amplified product of 650 bp.
(B) PCR screening of Arabidopsis thaliana (with Os-AP2/ERF-N22

12 3456M

1234567M

Arabidopsis seedling
(Transformed)

promoter-pORE R2 construct) using Os-AP2/ERF-N22 promoter-spe-

@ Springer

cific primers; Lane 1: Control, Lanes 4 and 6: PCR amplified product
of ~1.5 kb. (C) Southern blot analysis of Arabidopsis thaliana plants
for Os-AP2/ERF-N22 promoter using promoter-specific probe; Lanes
1 & 2: 1st Arabidopsis transformant, Lanes 3 & 4: 2nd Arabidopsis
transformant
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B

Fig. 10 GUS staining of Arabidopsis thaliana plants. (A) The
untransformed Arabidopsis thaliana plants (wild type) after GUS
staining. (B) The transformed Arabidopsis thaliana plants (with

CaMV35S constitutive promoter-driven GUS gene) after GUS stain-
ing (C) The transformed Arabidopsis thaliana plants (with Os-AP2/
ERF-N22 promoter-driven GUS gene) after GUS staining
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Fig. 11 Drought and ABA responsiveness of transgenic Arabidopsis
thaliana plants. (A) GUS staining Arabidopsis thaliana; 1: Leaf of
wild type 2: Leaf without osmotic stress, 3: Leaf subjected to osmotic
stress by treatment of PEG (10 g/L). (B) analysis of relative GUS
expression in leaves of T1 Arabidopsis thaliana (transformed with
Os-AP2/ERF-N22-pORE R2 construct) by qRT PCR; 1: Leaf with-
out osmotic stress, 2: Leaf subjected to osmotic stress by treatment
of PEG (10 g/L). (C) qRT PCR analysis of relative GUS expression
in the leaves of T2 transgenic Arabidopsis thaliana having Os-AP2/

higher expression of GUS (uid A) was observed, whereas
the leaves treated with 5 g/l PEG showed 1.63-fold
higher expression of GUS (uid A) as compared to control
(Fig. 11C). It was thus confirmed that Os-AP2/ERF-N22
promoter in T2 Arabidopsis responds to osmotic stress as
well as ABA treatment. Higher GUS (uid A) expression
was observed in stable T2 transformants under osmotic
stress (PEG 10 g/L) as compared to T1.

a
a
a
| [
1 2 3 4
ERF-N22 promoter-driven GUS (uid A) under different treatments 1:
T2 Arabidopsis transformants without osmotic stress, 2: T2 Arabi-
dopsis transformants subjected to osmotic stress (PEG 5 g/L), 3: T2
Arabidopsis transformants subjected to osmotic stress (PEG 10 g/L),
and 4: T2 Arabidopsis transformants subjected to ABA (100 uM).
Values represent mean+ SEs, n=3. The different letters which mark

the mean values indicate significant differences between treatments at
P<0.05

Drought-responsiveness of Os-AP2/ERF-N22 promoter
in rice transformants

To investigate the drought responsiveness of Os-AP2/ERF-
N22 promoter in rice plants, we transformed the MTU1010
genotype of rice with Os-AP2/ERF-N22 promoter-pORE
R2 recombinant plasmid by the in-planta transformation
method. In order to compare the GUS activity of Os-AP2/
ERF-N22 promoter with CaMV35S constitutive promoter,
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we transformed the MTU1010 genotype with CaMV35S
constitutive promoter-driven GUS gene. To check the
transformation efficiency, the GUS activity test was done
two days after transformation in randomly selected ten
rice seedlings out of the seventy-three rice seedlings that
were transformed. Three seedlings out of the ten that
were tested developed blue colour, which shows that they
were GUS positive and transformants (Fig. 12). It was
also observed that the intensity of blue colour developed
was higher in the plants having CaMV35S driven GUS
expression as compared to those having Os-AP2/ERF-N22
promoter-driven GUS expression (Fig. 12). The remain-
ing sixty-three seedlings (transformed with Agrobacte-
rium containing Os-AP2/ERF-N22 promoter-pORE R2
recombinant plasmid) were grown in phytotron to get T1
seeds. Further, T1 seeds were grown in phytotron to be
used later for PCR-mediated screening for the selection
of seedlings having the uid A gene. Three of these seed-
lings were found PCR positive when screened for uid A
(Fig. 13A). These PCR-positive plants were grown in a
phytotron till maturity to get T2 seeds. Further, T2 trans-
formants were subjected to PCR-mediated screening for
uid A. Four of these seedlings were found PCR positive for
uid A (Fig. 13C). To check the drought responsiveness of
Os-AP2/ERF-N22 promoter in transformed rice plants (T1
and T2), the quantitative relative expression analysis of the
GUS (uid A) was done in leaves from 30 days old trans-
formed rice plants (T1 and T2), subjected to water deficit
stress by withholding water for 2, 4 and 6 days consecu-
tively. Our results showed that the expression of GUS in
the transformed rice seedlings was enhanced by 1.11-fold,
1.21-fold, and 1.39-fold with respect to control in T-1 and
1.42-fold, 1.75-fold, and 1.98-fold with respect to control
in T2 after withholding water for 2, 4, and 6 days respec-
tively, in GUS positive plants, thus reflecting the increase
in the activity of Os-AP2/ERF-N22 promoter upon water
deficit stress (Fig. 13B, D).

A

Fig. 12 GUS staining of rice seedling (T0) after Agrobacterium-
mediated in-planta transformation. (A) Wild type rice seedling
(control), (B) GUS-stained rice seedling transformed with Os-AP2/

@ Springer

Discussion

Constitutive promoters are most often used in genetic engi-
neering. The CaMV 35S promoter of the cauliffower mosaic
virus drives gene expression in nearly all tissues and at all
developmental stages (Fang et al. 1989). The constitutive
expression of transgenes by constitutive promoters can con-
ceal the function of transgenes related to signal transduction
and energy transformation. Additionally, it may lead to met-
abolic burden or toxicity in transgenic plants. The repetitive
use of any promoter is also a reason for transgenic silencing
(Bhullar et al. 2003; Charrier et al. 2000; Xu et. al. 2010).
Also, considering the low activity of dicot constitutive and
inducible stress promoters such as CaMV35S and RD 29 A
in monocots, it is imperative to have inducible promoters
from monocots.

Till date, many abiotic stress-responsive promoters have
been cloned and characterized mostly in Arabidopsis and
some other plants. For example, Zhang et al. (2017) iso-
lated an abiotic stress-responsive promoter of TaSnRK
2.8 (Sucrose non-fermenting 1-related protein kinase 2)
from wheat and characterized it in Arabidopsis. Likewise,
pGMRD26, a drought-responsive promoter from soybean,
was characterized in Arabidopsis (Freitas et al. 2019). Ales-
sandra et al. (2017) isolated the salt, osmotic stress and
dehydration responsive promoter of soybean a-galactosidase
gene (GlymaGal) and characterized it in both Arabidopsis
and soybean. Rerksiri et al. (2013) isolated and character-
ized promoters of three heat-inducible genes (OsHsf B2cp,
PM19p and HSP 90p) of rice. Characterization of OsbZIP23
promoter from drought tolerant O. rufipogon and drought-
sensitive IR-20 cultivar of rice showed variation in the num-
ber of stress-responsive cis-elements and promoter activ-
ity (Dey et al. 2016). Similarly, Xue et al. (2018) isolated
a promoter of OsGSE (Green tissue gene) from wild rice
(Oryza rufipogon Griff) and functionally characterized it in
Arabidopsis.

ERF-N22 promoter-pORE R2 recombinants, and (C) GUS stained
rice seedling transformed with the CaM V35S constitutive promoter-
driven GUS (uid A) gene
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A

650bp

Fig. 13 Drought-responsiveness of Os-AP2/ERF-N22 promoter in
rice transformants. (A) PCR screening of T1 transformed rice using
GUS-specific primers; lane C: Positive PCR control; lanes 1, 2 and
3: 650 bp amplicon obtained from three different T1 transformed rice
seedlings; M:1 kb gene ruler. (B) Analysis of relative GUS expression
in the leaves of T1 rice transformants (Os-AP2/ERF-N22 promoter-
driven GUS) in response to drought (created by withholding water for
2, 4, and 6 days) by qRT PCR. (C) PCR screening of T2 transformed

In the current study, the cloning and characterization
of the promoter of Os-AP2/ERF-N22, a transcription fac-
tor encoding gene from the rice was carried out. In-silico
analysis of the genes present on chromosome no. 6 of rice
(Oryza sativa sp.) revealed that the inter-gene distance
between the TF encoding gene (Os-AP2/ERF-N22, ID:
LOC_0S06g40150) and the next adjacent gene on chromo-
some 6 (ID: LOC_0S06g40140) is about 6.706 Kb which
indicated that the 1.5 kb DNA stretch before the TSS of
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rice using GUS-specific primers; lane C: Positive PCR control; lanes
1, 2, 3 and 4: 650 bp amplicon obtained from four different T2 trans-
formed rice seedlings; M:1 kb plus gene ruler. (D) Analysis of rela-
tive GUS expression in the leaves of T2 rice transformants (Os-AP2/
ERF-N22 promoter-driven GUS) in response to drought (created by
withholding water for 2, 4, and 6 days) by qRT PCR. Values represent
mean + SEs, n=3. The different letters which mark the mean values
indicate significant differences between treatments at P <0.05

Os-AP2/ERF-N22 does not contain the coding sequence of
any other gene and can therefore be used to study the Os-
AP2/ERF-N22 promoter. We, therefore, decided to clone
this 1.5 kb region upstream of the Os-AP2/ERF-N22 coding
sequence. This is the first report in which the promoter of
drought and ABA-responsive AP2/ERF transcription factor
encoding gene of rice has been cloned and characterized.
Gene expression under stress is primarily regulated at the
transcriptional level (Shinozaki and Yamaguchi-Shinozaki,
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2007) via specific binding of TFs to the specific cis-elements
present in the promoter (Passricha et al. 2017). The level of
gene expression is also decided by the pattern and distribu-
tion of cis-elements in the promoter and intronic regions
(Rombauts et al. 2003; Brown et al. 2007; Zou et al. 2011;
Hernandez-Garcia and Finer, 2014).

The in-silico analysis of Os-AP2/ERF-N22 promoter had
many cis-regulatory elements such as MYBCORE, MYB-
2CONSENSUSAT, ABRELATERD1, DRE2COREZM-
RAB17, MYBATRD22, MBS and WRKY710S. These
motifs present in the Os-AP2/ERF-N22 promoter are the
binding site for major stress-inducible transcription factors
like AREB, MYB, DREB, and WRKY. MYBCORE, a cis-
element, binds to MYB transcription factors AtMYB1 and
AtMYB2. The MYB transcription factors regulate the ABA-
dependent stress signaling to upregulate many genes respon-
sive to abiotic stress. AtMYB2 activates RD22 expression
in response to dehydration and ABA (Urao et al. 1993; Abe
et al. 2003). The Os-AP2/ERF-N22 promoter had the MYB-
CORE sequence, the binding site for the AtMYB2 tran-
scription factor, which emphasizes the importance of this
promoter under dehydration. Overexpression of AtMYB2
enhanced sensitivity to ABA and also improved the osmotic
tolerance (Abe et al. 2003).

The 9 bp conserved sequence (5'-TACCGACAT-3’) of
dehydration responsive element (DRE) was identified in
RD29A, a drought-responsive gene promoter (Yamaguchi-
Shinozaki and Shinozaki, 1994). The DRE2COREZM-
RAB17 cis-element (DRE2 core found in maize rabl7
gene promoter) in the Os-AP2/ERF-N22 promoter binds to
the DREB transcription factor to regulate gene expression
under abiotic stress (Mizoi et al. 2012). The DREB1 (A-1)
sub-group of DREB transcription factors comprises of six
members, out of which DREB1D/CBF4 is responsive to
drought as well as ABA (Mizoi et al. 2012). Under condi-
tions of water deficit, the transgenic rice plants overexpress-
ing DREB1 (A-1) regulated by a stress-inducible promoter
showed higher spikelet fertility and yield as compared to
wild-type plants (Xiao et al. 2009). The DREB2 (A-2) sub-
group of DREB transcription factors comprises of eight
members in Arabidopsis, out of which DREB2A is the best
characterized one. The DREB2A gene is slightly upregu-
lated by ABA but strongly induced in response to drought,
salt, and temperature stress (Liu et al. 1998; Nakashima et al.
2000). Constitutive, over-expression of DREB2A, has been
reported to improve tolerance against drought, high salinity,
and heat shock but also retarded the growth of transgenic
plants. The genes upregulated by DREB2A are also induc-
ible by heat shock or drought (Sakuma et al. 2006).

ABRELATERDI1 (ABRE-like sequence required for eti-
olation-induced expression of erdl) in Arabidopsis is also
an important cis-element observed in the Os-AP2/ERF-N22
promoter. It binds to the ABA-responsive element (ABRE)
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binding proteins/factors (AREBs/ABFs). These transcrip-
tion factors belong to the bZIP transcription factor fam-
ily. Overexpression of AREB2/ABF4 transcription factor
showed hypersensitivity to ABA, reduced transpiration,
and enhanced drought tolerance in Arabidopsis (Kang et al.
2002; Fujita et al. 2005).

Our study involving transgenic Arabidopsis and rice
plants containing the Os-AP2/ERF-N22 promoter-GUS
construct showed GUS expression in the leaves, stem, and
roots which implies that at the basal level, expression gov-
erned by this promoter is not localized to any particular plant
part. Under water deficit stress induced by PEG treatment,
the enhancement observed in the activity of this promoter
confirmed the drought-inducible nature of this promoter.
Treatment with different concentrations of PEG showed
that increasing the intensity of stress (from 5 to 10 g/L)
increases the activity of this promoter. Alessandra et al.
(2017) observed that PEG-mediated osmotic stress enhanced
the activity of the soybean a- galactosidase promoter in
Arabidopsis. Tao et al. (2014) found that the activity of Zea
mays RXO 1 (a nucleotide binding site leucine-rich repeat
type of R gene in maize) promoter increased in transgenic
Arabidopsis plants having pRXO1-GUS when subjected to
PEG treatment.

We also observed that ABA treatment enhanced the
expression of this promoter as reflected by GUS expression
in transgenic Arabidopsis plants (containing the Os-AP2/
ERF-N22 promoter-GUS construct), which was expected as
the ABRELATERDI cis-element in this promoter provides
the binding site of ABA, and this explains the ABA induc-
ibility of this promoter. The gqRT PCR results also confirmed
the PEG and ABA inducibility of this promoter. Further, the
drought and ABA-inducible nature of this promoter were
also established in transgenic rice plants by using the histo-
chemical GUS assay. As in Arabidopsis, it was observed that
increasing the intensity of stress also increased the activity
of this promoter in rice.

Our results demonstrate that Os-AP2/ERF-N22 tran-
scription factor is important for ABA-dependent response
to drought. Physio-biochemical analysis of transgenics over-
expressing Os-AP2/ERF-N22 transcription factor revealed
higher relative water content, membrane stability index,
osmotic potential, radical scavenging activity, chlorophyll
stability index, photosynthetic rate, wax content, and almost
similar chlorophyll content under water deficit stress and
showed no phenotypic aberrations. AP2/ERF-N22 is the
ortholog of Arabidopsis SHN proteins. SHN proteins, when
overexpressed, display increased cuticular wax biosynthesis
(Mawlong et. al. 2014). Our hypothesis is that AP2/ERF-
N22 activated cuticular wax biosynthesis. Higher wax con-
tent also contributed to decreased stomatal conductance and
transpiration rate and additionally influenced higher MSI,
cell turgor, and osmotic potential in transgenics. Higher
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osmolytes in transgenics resulted in higher antioxidant
potential and thus maintained higher MSI and cell turgor.
A somewhat similar result was observed in Arabidopsis for
the AtERFS53 transcription factor (Cheng et al. 2012). Thus,
enhanced expression of the Os-AP2/ERF-N22 gene under
different levels of water deficit stress at vegetative, as well
as anthesis stages, confirmed its crucial role in plant stress
tolerance.

Future efforts toward identifying and characterizing
multiple stress-responsive transcription factor genes will
expand our understanding of stress tolerance in plants (Pra-
sch and Sonnewald 2015). The simultaneous manipulation
of many stress-responsive transcription factors using genetic
and molecular techniques is a very promising approach for
improving tolerance against drought rather than manipulat-
ing any one functional gene at a time. Further identifica-
tion and characterization of novel drought-inducible pro-
moters are equally important to overcome the drawbacks
of using constitutively active promoters while manipulat-
ing the drought-responsive genes. Therefore, drought and
ABA-responsive promoter characterized here will be useful
in regulating the expression of stress-responsive genes for
different crop engineering purposes.
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