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Present study was focused on comparative in silico analysis of OsGLP12-3 promoter
form Japonica rice cultivar Nipponbare and Indica rice cultivar Basmati 2008. For
the purpose, the promoter region of OsGLP12-3 gene from both Nipponbare and
Basmati 2008 was amplified by PCR using Genomic DNA. The amplicon was
purified, quantified and finally sequenced. Further in silico studies included
expression analysis, pairwise alignment, multiple sequence alignment and
phylogenetic analysis. The online databases “PlantCARE” and “Plantpan3”
identified many unique and important regulatory elements (cis/trans, or transcription
factor binding sites) in both promoter regions. Moreover, some elements were
specific to Basmati 2008 only. Basmati 2008 had greater copy number of some
general transcription factor binding sites like TATA box and CAAT box as
compared to Nipponbare, reflecting it to be stronger as compared to Nipponbare in
terms of response to different stress conditions. The study also revealed interestingly
important functions in Basmati 2008 OsGLP12-3 promoter region, such as defense
against pathogens and other biotic and abiotic stresses. Each element was found to
exist with variable copy number and positions in OsGLP12-3 promoter of Basmati
2008, as compared to same promoter from Nipponbare. In comparison to
Nipponbare (Japonica Group), Basmati 2008 (Indica Group) OsGLP12-3 promoter
was found to contain some unique regulatory elements that were altogether absent in
Nipponbare. This is the first report which shows that OsSGLP12-3 promoter region
form Indica group of rice (Basmati 2008) contains abscisic acid response element
(ABRE or G box) that is indirectly involved in defense related gene expression and
LTR or H Box, which respond to cold stresses.

INTRODUCTION

Plants contain a diverse group of proteins namely

dismutase (SOD) or phosphodiesterase activities. The
expression of germins and GLPs is stimulated by
different stimuli at initiation and / or during

germins and germin-like proteins (GLPs) that are
highly resistant to proteases activity and agents like
heat, sodium dodecyl sulphate and extreme pH etc. due
to presence of characteristic and highly stable structure
(Dunwell et al., 2008). This structure comprises six [3-
jellyroll monomers locked together to form a trimer of
dimers, that is common both in germins and GLPs and
is highly stable (Membre et al., 2000; Wei et al., 1998;
Lane, 1994; Lane et al., 1993). Germins have oxalate
oxidase activity while some GLPs have superoxide

development in different plant organs (Becerra et al.,
2006: Mathieu et al., 2006; Staiger et al., 1999) or
under biotic or abiotic stresses like herbivore attack,
(Lou and Baldwin, 2006) and infections caused by
pathogens (Schweizer et al., 1999; Park et al., 2004,
Zimmermann et al., 2006; Christensen et al., 2004) or
salt exposure (Hurkman and Tanaka, 1996; Nakata et
al., 2002). Studies have also been carried out regarding
the role of Germins and GLPs in plant defense
(Banerjee and Maiti, 2010). Some events like defense-
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related transcripts and increased resistance to pathogens
was observed by over expression of wheat Germin in
sunflowers (Hu et al., 2003). In fact, the regulation of a
gene' expression of any gene is controlled by
involvement of promoters and their analyses give
detailed information about gene’s function. As gene’s
regulation is governed by regulatory elements present
in their promoters, that control the transcription of
related gene, therefore, their identification and analysis
are the field of main interest for crop biotechnologists.
Developmental and environmental adaptation stages of
an organism are better understood by having accurate
knowledge about differential gene expression, which in
large part is governed by cis- elements the binding sites
for transcription factors. In order to understand the
development of stress/disease resistant crops by using
genetic modification technology, the promoter analysis
is an important step as it explains functioning,
regulation and response of the particular gene at given
circumstances and  conditions  (stresses  and
environmental). High level of gene expression induced
by biotic and abiotic stresses is directed by plant
promoters that are critical to study for crop
biotechnologists. ~ Furthermore,  tissue  specific
expression in plants can be achieved by using
genetically engineered promoters. Understanding
functioning of regulatory elements in promoter region
is an efficient approach to have better idea about the
expression of genes (llyas et al., 2016). Binding of
transcription factors to their corresponding binding sites
(cis acting elements) in the promoters are crucial for
studying gene functioning at given situations. In order
to develop stress/disease resistant crops by using novel
promoter engineering technology, the promoter analysis
is an important step as it explains functioning,
regulation and response of the particular gene at given
stress situation. The NCBI, Geo Profiles data of
OsGLP12-3 gene reflects variable induction of this
gene by many biotic and abiotic stimuli. Keeping in
view, this study was planned to understand regulatory
aspect of this gene. The main rationale of this
investigation was, identification of regulatory elements
in OsGLP12-3 gene’s promoter from Basmati 2008, an
Indica rice cultivar that is grown under submerged
conditions, and their comparison with the same/
variable elements in the same promoter from
Nipponbare, that is Japonica rice cultivar grown on dry
lands.

MATERIALS AND METHODS

Plant material and DNA extraction

Rice seeds (Basmati 2008) were obtained from National
Agriculture Research Council (NARC) Islamabad,
Pakistan. Healthy and mature seeds were de-husked

manually avoiding embryos from damage. Seeds were
subjected to surface sterilization by treatment with
HgCl; (0.2% wi/v) for five minutes and subsequently
with absolute ethanol and 75 % for three and two
minutes respectively. Every treatment step mediated
washing with sterile distilled water for two minutes.
Finally, the surface sterilized seeds were washed five
times thoroughly to make sure the elimination of any
residual HgCl,. The sterile seed were dried with sterile
filter paper and were germinated hydroponically in
Murashige and Skoog medium lacking sucrose, in
growth room under illuminated conditions at 25 °C.
Young leaves from plants were harvested for DNA
extraction following the methodology described by
(Richards et al., 1994) with minor modifications.

Oligo design

Pair of sense and antisense oligos (Table 1) was
manually designed on Chromosome 12 of Oryza sativa
cv Nipponbare (Japonica group), to amplify the
upstream regulatory sequence (Promoter) of OsGLP12-
3 gene. Oligos so designed were run on NCBI Basic
local alignment tool (BLAST) database to confirm their
specificity with DNA template. The properties of
primers were checked wusing Integrated DNA
Technology (IDT) Oligo analyzer available at
https://eu.idtdna.com/calc/analyzer (February 27,2019).

Table 1: List of oligos used for the amplification of
OsGLP12-3 Promoter
Oligo Sequence
Sense Oligo 5'- GGCTTAAACATTAGAAATTT 3
Antisense 5'- CATGTTAAGTTGATGGAACTTTTG-3'
Oligo

PCR amplification of OsGLP12-3 promoter

The genomic DNA was used as template to perform
(PCR) for Indica Rice group cultivar “Basmati 2008”,
using 1X PCR buffer, 1.5 mM MgSQOs, 0.25mM each
dNTPs, 0.125 mM each oligo and 1.5 Units of Hot Start
prime star polymerase from Takara Bio Inc. Japan. The
reaction constituents were cycled 40 times with a pre-
amplification denaturation at 96°C for 2 minutes
followed by; denaturation at 96°C for 20 seconds,
annealing at 55°C for 5 seconds and extension at 72°C
for 2 minutes.

Tris BORATE EDTA (TBE) Agarose Gel
Electrophoresis

The amplified products were resolved on TBE Agarose
gel (1.25%) at 110V for 40 minutes. The gel was
visualized by Ethidium bromide UV trans illumination
using UV tech, United Kingdom “Gel Documentation
system”. The “Thermo Scientific Gene Ruler” 1kb plus
DNA ladder was used as marker for identification of
desired amplicon.

Purification and sequencing of amplicon

The desired band of amplicon was excised using
scalpel from agarose gel and further processed for
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purification purpose by using DNA Gel Extraction Kit
(Monarch® New England Biolabs, UK) as per
manufacturer instructions. The purified samples were
subjected to sequencing by acquiring services from
Macrogen Incorporation, Korea.

Pairwise sequence alignment

For pairwise alignment NCBI Nucleotide BLAST tool
was used. The OsGLP12-3 promoter sequence of Indica
rice cultivar Basmati 2008, obtained from Macrogen
Inc, was used as query sequence, and subjected to
pairwise alignment with OsGLP12-3 promoter
sequence from Japonica rice cultivar Nipponbare that
was retrieved from NCBI public database, as subject
sequence. The pairwise alignment was performed to
check degree of similarity between Nipponbare subject
sequence that is available on public database, and
newly sequenced OsGLP12-3 promoter region from
Basmati 2008.

Multiple sequence alignment and phylogenetic analysis
Multiple sequence alignment for OsGLP-12-3 was
performed using NCBI Protein BLAST database and
Mega 7 program. The Protein sequences, that were
homologous to OsGLP12-3 protein and other Germin
Like Proteins, from both monocots and dicots, were
retrieved in FASTA format from NCBI Protein
database using Blast tool. The retrieved sequences were
subjected to multiple sequence alignment (MSA), by
importing them in to MEGA 7 program. Multiple
sequence alignment was performed opting MUSCLE.
The MEGA 7 program was also exploited for the
construction of phylogenetic tree to determine
evolutionary relationship between OsGLP12-3 and
other Germin Like Proteins (GLPs) from other plants.
Expression analysis

For expression analysis “The Encyclopedia of Rice”
database (Kawahara et al 2016), available at
(http://tenor.dna.affrc.go.jp/), was used to predict /
understand gene's regulatory aspect, in terms of gene
expression, that is governed by cis acting elements
(Transcription factor binding sites) in its promoter. The
data available, with context to expression of gene,
governed by its promoter, during development and in
response to biotic and abiotic stresses, was retrieved
from TENOR database. For data retrieval from TENOR
database different parameters; including development,
different abiotic stress conditions, along with time taken
and time span, for the expression of OsGLP12-3 gene,
was used.

Identification and Mapping of Regulatory Elements:
Different cis acting regulatory elements were searched
in the OsGLP12-3 rice gene promoter region from
Indica Rice C.V Basmati 2008 and Japonica Rice C.V
Nipponbare by using online program PlantCARE
database (Lescot et al, 2002) available at,
http://bioinformatics.psb.ugent.be/webtools/plantcare/ht

ml/). Map of important transcription factor binding sites
and corresponding transcription factors was constructed
using PlantPAN 3.0 database, (Chang et al., 2008),
available at plantpan.itps.ncku.edu.tw).

RESULTS AND DISCUSSION

PCR Amplification of OS-GLP 12-3 Promoter
Region from Basmati 2008

The OsGLP12-3 promoter region; 2007 bp was PCR
amplified using Prime Star Polymerase enzyme from
Takara Bio Inc. and resolved on TBE agarose gel and
finally subject to gel documentation analysis, using
ethidium bromide UV transillumination as shown in
Fig. 1.

2000bp —»
850bp —»

3000 bp .
1000 bp —»

Fig. 1: PCR amplification of OsGLP12-3 Promoter
Region from Basmati 2008 and Nipponbare

Lane M represents 1KB+ Marker; Lanes 1 and 2 represent
amplified Os-GLP12-3 promoter region from Nipponbare and

Basmati 2008 respectively.

Pairwise alignment

Pairwise alignment of subject promoter sequence of
OsGLP12-3 gene from Nipponbare, with a
corresponding query sequences from Indica rice
cultivar Basmati 2008 was performed. Variable degrees
of similarity were found between query and subject
sequences in three different ranges. Range 1 spanning
300 nucleotides; 31-331 for query sequence and 57785
to 58085 for subject sequence showed 99 % similarity,
while range 2 spanning 292 nucleotides for query
sequence and 287 nucleotides for subject sequence i.e.
from base number 31-323 for query sequence and base
number 61470 to 61757 for subject sequence showed
93 % similarity respectively. Range 3 spanning 259
nucleotides for query sequence and 259 nucleotides for
subject sequence i.e. 31-323 for query sequence and
61470 to 61757 for subject sequence showed 77 %
similarity, respectively Figs; 2,3,4.
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Range 1:
Alignment Statistics for match #1

Score Expect Identities Gaps
Strand
540 bits (292) 4e-155 298/301 (99%) 0/301(0%) Plus/Plus
Query 31 TGTATAGCTATAGTTGATGCTTTGCCCATGGAAATGATGCATCCATATATATAGGCCTCT — 90

FEEEEEErr et e et e et et e e e e e e e e e e e
Sbjct 57785 TGTATAGCTATAGTTGATGCTTTGCCCATGGAAATGATGCATCCATATATATAGGCCTCT
57844

Query 91 GAGCATGAGATGATTTTGAAGTGGTCAATAACAAAAGGCTGAGCTAGCTTGTGACTGGTT
150

|
Sbjct 57845 GAGCATGAGA
57904

Query 151 CATCTCCTCTAAAGTCTGAACTGATCTTGAACTCTTAATAGATTGCATCTGGGAAAGAAA
210

PEErrrrrrrrerrerrrreerrrer e et r et e et rrrr e rrrrrrrrnd
Sbject 57905 CATCTCCTCTAAAGTCTGAACTGATCTTGAACTCTTAATAGATTGCATCTGGGAAAGAAA
57964
Query 211 CTATTTAATTTGATGGATTCAATCTATCTTAATTCCCAGTCAACAGCTAGGTTGGCCGAC
270

(NN
Sbjct 57965 CTA
58024

FEEErrrrrrr e e e e et e e e e e e e e
TTTAATTTGATGGATTCAATCTATCTTAATTCCCAGTCAACAGCTAGGTTGGCCGAC
Query 271 TAATTAATTAATTAGATTATTCCAGTGCCTGTCATGCATGATGCATGTATTAGGTGTATT
330

(AN NN R R RN R R R N AR NN R R
Sbjct 58025 TAATTAATTAATTAGATTATTCCAGTGCCTGTCATGCATGATGCATGCATTAGATTTATT
58084

Query 331 A 331
|
Sbjct 58085 A 58085

Fig. 2: Pairwise alignment showing 99 % similarity between Nipponbare and Basmati 2008 OsGLP12-3 promoter sequences

Alignment Statistics for match #2

Score Expect Identities Gaps Strand
414 272/294

4 3e-117 7/294(2% Plus/Plus
bits(224) (93%) (2%)
Query 31 TGTATAGCTATAGTTGATGC-TTTGCCCATGGAAATGATGCATCCATATATATAGGCCTC 89

(R R R e e A AR R R RN

Sbjct 61470 TGTATAGCTGTAGTCTATGCTTTTGTCCATGG--A--A-GCATCCATATATATAGGCCTC
61524
Query 90 TGAGCATGAGATGATTTTGAAGTGGTCAATAACAAAAGGCTGAGCTAGCTTGTGACTGGT

149

Sbjct 61525 TGAGCATGAAATGATTCTGAAGTGGTCAATAAGAAAAGGATGAGCTAGCTAGTGACTTGT
61584

Query 150 TCATCTCCTCTAAAGTCTGAACTGATCTTGAACTCTTAATAGATTGCATCTGGGAAAGAA
209

FEEErrreer o rrrrt ettt et e el
Sbjct 61585 TCATCTCCTCAGAAGTCTGAACTGGTCTTGAACTCTTAAT-GATTGCATCTGGGAAAGAA
61643

Query 210 ACTATTTAATTTGATGGATTCAATCTATCTTAATTCCCAGTCAACAGCTAGGTTGGCCGA
269

Sbjct 61644 ACTATTTAATTTGATGGATTCAAGCTATCTTAATTCCCAGTCAACAGCTAGGTTGGCCGA
61703

Query 270 CTAATTAATTAATTAGATTATTCCAGTGCCTGTCATGCATGATGCATGTATTAG 323

FEEEEErrrrre ettt e et et r e e e
Sbjct 61704 CTAATTAATTAATTAGATTATTCCAGTGCCTGTCATGCATGATGCATGCATTAG 61757

Fig. 3: Pairwise alignment showing 93% similarity between Nipponbare and Basmati 2008 OsGLP12-3 promoter sequences

10
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Range 3:
Alignment Statistics for match #3

Score Expect Identities Gaps Strand
. Plus/Plus

137 bits(74) 6e-34 213/275(77%) 30/275(10%)
Query 51 TTTGCCCATGGAAATGATGCATCCATATATATAGGCCTCTGAGCATGAGATGATTTTGAA
110

FEEE e et rrrerrrrerrrerreerreerreerr e rreer rrrrr rerd
Sbjct 65278 TTTGGCCA-GGAAAGGATGCATCCATATATATAGGCCTCTGAGAATGAGGTGATTCTGAA
65336
Query 111 GTGGTCAATAACAAAAGGCTGA---G-CT-AGCTTGTGACTGGTTCATCTCCTCTARAGT
165

FEEEEEEErrr it | [ FEEE Trerrrer rerrrertd
Sbjct 65337 GTGGTCAATAAGAAAAATAAAAAAAGGCTGAACTAACGACTTGTTCATCTGCTCTAAAGT
65396
Query 166 CTGAACTGATCTTGAACTCTTAATAGA-TTGCATCTGGGAAAGAAACTATTTAATTTGAT
224

T e I I 6 I A [ Frrrrerrrerr erree rerrrerrrernd
Sbjct 65397 CTGAACCGGTCTTGA--T---A---GATTTGCATCTGGGCAAGAACTTATTTAATTTGAT
65448
Query 225 GGATTCAATCTATC--TT-AA-TT--C--CC-AGTCAACAGCTAGGTTGGCCGACTAATT
275

I I T R B L T I O I A O A I
Sbjct 65449 GGATT-AGTGGATGGATTCAAGTTGTCTTCCCAG-CAACA-C--GG-TGACCGATTAGTT
65502
Query 276 AATTAATTAGATTATTCCAGTGCCTGTCATGCATG 310

I rrrrerrerrrr rrrrrrrrrerrrrrnd
Sbjct 65503 AATCAATTAGATTATTTTAGTGCCTGTCATGCATG 65537

Fig. 4: Pairwise alignment showing 77 % similarity between Nipponbare and Basmati 2008 OsGLP12-3 promoter sequences

Pairwise alignment of subject promoter sequence of
OsGLP12-3 gene from Nipponbare, with a
corresponding query sequences from Indica rice
cultivar Basmati 2008 was performed. Variable degrees
of similarity were found between query and subject
sequences in three different ranges. Range 1 spanning
300 nucleotides; 31-331 for query sequence and 57785
to 58085 for subject sequence showed 99 % similarity,
while range 2 spanning 292 nucleotides for query
sequence and 287 nucleotides for subject sequence i.e.
from base number 31-323 for query sequence and base
number 61470 to 61757 for subject sequence showed
93 % similarity respectively. Range 3 spanning 259
nucleotides for query sequence and 259 nucleotides for
subject sequence i.e. 31-323 for query sequence and
61470 to 61757 for subject sequence showed 77%
similarity respectively. Figs; 2,3,4.

The two promoter sequences didn’t align in full stretch of
1272 base pairs. This is because indica rice cultivars and
japonica rice cultivars, though have a common ancestor
belong to two different subspecies (Du et al., 2017).
Multiple sequence alignment and phylogenetic analysis
Multiple Sequence alignment and phylogenetic analysis
was done for finding evolutionary relationship between

11

OsGLP12-3 protein with other Germin like proteins
from other plants by constructing phylogenetic tree.
Multiple sequence alignment and phylogenetic analysis
resulted in the formation of two main groups. Group 1
contained sequences from monocot plants i.e. Sorghum
bicolor, Setaria italica, Zea mays, Oryza sativa
Japonica group and Panicum hallii (Hall's panicgrass)
while  Group 2 contained sequences from
Dichanthelium oligosanthes, Triticum urartu, Hordeum
vulgare subsp. vulgare, Aegilops tauschii sub. tauschii
and Triticum aestivum which also belong to monocot
group of plants. Group 1 was further divided into two
subgroups which in turn were further divided into two
sub-groups. Group two was also divided into two sub-
groups. But unlike subgroup 1, subgroup 2 was found
to have a cluster of a branch of GLP 12-2 belonging to
Dichanthelium oligosanthes and a cluster of further
subgroups containing sequences of GLPs from other
plants. However, OsGLP12-3 was clustered in
Subgroup 1B which contained another Germin Like
Protein from Panicum Hallii (Hall's panicgrass: PHAL
F01217) among the selected proteins as shown in Fig.
5.
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Fig. 5:
different plants.

Lu et al. (2010) work was focused on Identification and
analysis of the Germin-like gene family in soybean.
They suggested that the Germin and Germin-like genes
of the plant species might be evolved by independent
gene duplication events. This might be the reason that
our phylogenetic analysis results show close
relationship of OsGLP12-3 with GLP from Hali’s grass
and variability with other GLPs. In addition, OsGLP12-
3 gene can be seen located on chromosome 12 and
duplication of same gene has evolved another gene
located on chromosome 8 in Aegiolps tauchii subsp.
tauchii, another grass from Poaceae family (Fig.5).
Expression analysis of OsGLP12-3 gene in rice

In silico analysis for expression data of OsGLP12-3
gene was retrieved from TENOR database. Parameters
for data retrieval included development and abiotic
stress conditions including hormones, along with time
taken for the expression of OsGLP12-3 gene.
Expression during development

The OsGLP12-3 can be observed to be involved in
plant development majorly roots. Highest level of
expression was observed in first three hours after
germination and gene was found to be continuously
expressed after commencement of first expression.
These results are in agreement with previous findings
by (Yasmin, 2009), who observed involvement of
OsGLP-1 gene in root elongation, when it was
transgenicaly overexpressed in tobacco.

Expression in response to abiotic stress conditions
and hormonal stimuli

Data retrieved, regarding response of OsGLP12-3 gene
against abiotic stress conditions included, high salinity,

12

—(3) Germin-like protein 12-2 Sorghum bicolor
(5) PREDICTED: putative germin-like protein 12-4 Setaria italica
(4) Putative germin-like protein 12-4 Zea mays
(1) PREDICTED: putative germin-like protein 12-3 Oryza sativa Japonica Group

(2) Hypothetical protein PAHAL F01217 Panicum halli
(6) Germin-like protein 12-2 Dichanthelium oligosanthes

(8) Germin-like protein 12-2 Triticum urartu
—(9) Predicted protein Hordeum vulgare subsp. vulgare
(7) Germin-like protein 8-8 Aegilops tauschii subsp. tauschii

L—(10) Germin-like protein Triticum aestivum

Phylogenetic tree showing evolutionary relationship between OsGLP12-3 and other germin like proteins from

Phosphorus and Cadmium both at high and low
concentrations, drought (dry), flood, cold treatment,
osmotic stresses and hormone reveal induction of
OsGLP-12-3 gene by all abiotic factors including
hormones i.e. abscisic acid (Lescot et al., 2002;
Yasmin, 2009; Weirauch et al., 2014; Kawahara et al.,
2016) and Jasmonic acid (Lane et al., 1993; Blackwood
and Kadonaga, 1998; Nakata et al., 2002; Park et al.,
2004; Weirauch et al., 2014; Allen and Taatjes 2015).
Two types of tissues including shoots and roots were
targeted for analysis.

As shown, highest level of expression in response to
high Cadmium stress five days after plant’s first
exposure to Cd stress in roots. However, the expression
commenced after just one hour after exposure to high
Cd and continued at moderate levels throughout plant
development. The expression of OsGLP-12-3 gene can
also be seen in shoots (Fig. 6) in response to high
cadmium stress. The gene expression can be observed
to be initiated minimally twelve hours after first
exposure to High Cd stress and expression continues
exponentially for five days only (Fig. 6).

In case of other abiotic stresses including dry condition,
flood, osmotic stress (flood induced), the expression
level of OsGLP-12-3 can be observed at moderate
levels in case of osmotic and dry stresses, moreover,
lower moderate level expression can be observed for
flood and low Cd stresses. It is here to emphasize that
for Cd stress at higher concentrations, that the gene
responds majorly in roots, and, very minimally in
shoots, similar behavior of gene can be observed at low
Cd concentrations. In case of flood stress much lower
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moderate expression of gene is depicted in Fig 6. In all
cases, it is quite obvious that the OsGLP12-3 gene
expresses in response to various abiotic stresses, though
variably, but majorly in roots.

Concerning salinity stress, OsGLP-12-3 gene activity
was also observed in high salinity stress both in roots
and shoots. Interestingly in both plant organs the
expression trend can be seen similar, however, the
expression level is two folds in roots as compared to
shoots. Response of OsGLP-12-3 gene to hormones in
shape of its expression, including Abscisic acid and
Jasmonic acid, is also positive in both roots and shoots,
but continuous expression in response to both hormones
is in roots only.

Looking into In silico findings as stated above it
becomes quite obvious that OsGLP12-3 gene expresses
continuously and majorly in roots during development
and abiotic stress conditions including high salinity,
high and low Phosphorus, High cadmium, dry, flood,
cold and osmatic stresses.

The induction of OsGLP-12-3 gene expression in
response to hormones including ABA and MeJa
(methyl Jasmonate) is also continuous in roots. The
induction of OsGLP-12-3 gene expression in response
to hormones showed no continuous expression of gene.
This indicates that OsGLP12-3 gene expresses majorly
in roots and minimally in shoots Fig 6. Lu et al. (2010)
from their study report that indole acetic acid (IAA)
stimulates expression of the GMGER genes from

soybean. This phenomenon reflects that expression of
Germin like protein genes is affected by hormones.
Many transcription factors binding sites / cis and trans
acting elements, for both general and specific binding
sites were found, from PlantCARE database, spanning
1272 bp promoter region of OsGLP12-3 gene from
Nipponbare and Basmati 2008. Only, the elements with
known functions were addressed.

Interestingly, some elements were exclusively found in
Basmati 2008 OsGLP12-3 promoter, and altogether
absent in same promoter from Nipponbare, whose
whole genome has been sequenced. The unique
elements include Abscisic acid response element
(ABRE), G-box and low temperature response element
(LTR or H-Box).

The ABRE, Abscisic acid responsive element, is the
binding site of TGAL1 and NPR1 transcription factors
that in turn is responsible for increased the binding of
TGA2 to the ABRE element. NPR1 is essential in
activating systemic, inducible plant defense responses
(Despres et al., 2000).

G Box in fact is a unique Abscisic acid responsive
element found only in basmati 2008. This was initially
found in Arabidopsis dehydration-responsive gene
rd22, that is a dehydration responsive gene, and its
promoter itself doesn’t contain Abscisic acid (ABA)
responsive element however, its activity is mediated by
ABA. Iwasaki et al. (1995) reported that the rd22
promoter, that was indeed non-responsive to ABA,

0s12t0154900-00
Germin-like protein 12-3, Disease resistance (GLP12-3)

upper-quartile normalized RPK

1000

High Salinity
B Flood | cold W Osmotic Stress

S TEN N e

Condition

High Phosphorus [l High Cadmium

Low Cadmium [] Dry

Abscisic Acid [l Jasmonic Acid B Development

Fig. 6: Expression Profile of OsGLP12-3 Gene during Development and Induction by Hormones and Different Stress

Conditions.
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Fig. 7: Arrangement and localization of selected cis/ trans acting elements in OsGLP12-3 promoter region of basmati-
2008. Legend: Upper Region of Line Represents Plus Strand; Lower Region of Line Represents Minus Strand
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Fig. 8: Arrangement and localization of selected cis/ trans acting elements in OsGLP12-3 promoter region of
nippponbare. Legend: Upper Region of Line Represents Plus Strand; Lower Region of Line Represents Minus Strand.

engineered with 67 bp fragment containing G- Box
conferred responsiveness to dehydration and ABA on a
previously non-responsive promoter for these factors.
According to them the 67-bp fragment contains the
sequences of the recognition sites for some transcription
factors, such as MYC, MYB, and GT-1 and
accumulation of rd22 mRNA requires protein synthesis
raises the possibility that the expression of rd22 might be
regulated by one of these trans-acting protein factors
whose de novo synthesis is induced by dehydration or
Abscisic acid (Lescot et al., 2002, Yasmin, 2009,
Weirauch et al., 2014, Kawahara et al., 2016).

Consensus sequence of H-boxes was found in
Phaseolus vulgaris on chrosomel5 gene promoter that
is essential for both light regulation and elicitor
induction. Similar sequence was found in tobacco Tntl
retrotransposon promoter (LTR). Tntl is induced by
wounding and by abiotic stress. KAP-2 is reported to
bind to the H-box and stimulate the transcription of
promoters having the H-box (Loake et al., 1992, Mhiri
etal., 1997, Lindsay et al., 2002).

The CAAT Box element sequence is found in
promoters and enhancers of most genes that act as
binding site of corresponding transcription factors. In
case of promoters it mediates initiation of transcription,
whereas enhancer is a short region of DNA that are
binding site of activator proteins that increase the
likelihood, that transcription of a particular gene will
occur (Blackwood and Kadonaga, 1998; Pennacchio et
al., 2013). These proteins (activator proteins) are
usually referred to as transcription factors. Enhancers
are cis-acting elements, located up to 1 Mega bp
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(1,000,000 bp) away from the gene, upstream or
downstream from the start site (Pennacchio et al.,
2013; Maston et al., 2006; Smemo et al., 2014). The
enhancer was first discovered in eukaryotes in the
immunoglobulin heavy chain gene in 1983 (Banerji et
al., 1983; Gillies et al., 1983). This enhancer element
was reported to be involved in transcriptional activation
of rearranged Vh gene promoters while unrearranged
Vh promoters remained inactive.

Basmati 2008 (Indica cultivar) was found to possess
greater number of copies CAAT box, that is a
transcription rate enhancer element, as compared to
Nipponbare (Japonica cultivar)

. By this we can demonstrate that owing to greater copy
number of CAAT box, OsGLP12-3 promoter in
Basmati 2008 has got greater potential of enhancing
transcription rate of related gene/genes, in response to
stress conditions as compared to Nipponbare.

Two copies of another cis acting element “W-box”,
WRKY63 and WRKY40 (Weirauch et al., 2014) were
identified in Basmati 2008 and Nipponbare as well,
which is the binding site of WRKY transcription
factors. The expression of WRKY class of transcription
factors is triggered in response to wound or fugal attack
via gibberellin signaling and found in gene promoter in
Parsley (Eulgem et al, 1999). Many groups report
involvement of W Box class and corresponding WRKY
transcription factors directly or indirectly in plant
defense in case of wound response (Eulgem et al.,
1999; Knoth et al., 2007) or in response to invasion
attempt by bacterial or fungal pathogens (Banerjee et
al.,, 2010). This reflects that OsGLP12-3 promoter



In silico Analysis Tools Prove Basmati 2008 (Indica Rice) to be More Meaningful for Crop Improvement

having W box, LTR or H box, unique G-box and
multiple copies of CAAT box in Basmati 2008 (Indica
cultivar) OsGLP12-3 promoter has a potential for
developing crops that are resistant to pathogens, cold,
and other abiotic stress conditions, provided the copy
numbers of respective elements in promoter regions is
increased or they may be genetically exploited some
other way using recombinant DNA technology.

In conclusion, the OsGLP12-3 gene’s promoter from
indica rice cultivar Basmati 2008 has got greater
potential for making disease and stress resistant crops
as compared to same promoter from Nipponbare.
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