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Abstract
Promoters are regulatory elements that control’s transcription and overall expression profile of genes. Plants consists of
several enzymes, which are important for controlling metabolic activities. Starch branching enzyme (SBE), is one of an
important enzyme involved in biosynthesis of starch in plants. It also plays a crucial role in determining the structure and
physical properties of starch granules. SBE has two types, SBEl and SBEll. SBEll further divided in SBElla and SBEllb. Both
of these have different effects and size in different crops. Starch branching enzyme from Oryza sativa was selected for the
current research. Rice is a staple food of 70% population of the world. The present research was focused on identification of
SBE gene orthologues, analysis of SBE promoter sequence through High throughput genome sequencing (HTGS) database,
screening of cis regulatory elements through Plant CARE database and further detection of putative protein domains through
Conserved protein domain family (CDD) database within the promoter region. Several bioinformatics software’s were used for
this purpose. The study provides a deep insight on importance of designing constitutive novel promoters, which can be
effectively substituted to get enhanced transgene expression in agricultural crops.
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Introduction
Promoter is a specialized part of the DNA which
normally occurs upstream of the coding region of genes
and can act as the essential controlling component for
level of gene expression and regulation. Promoter helps to
regulate transcriptional activity of a gene. Many novel
constitutive promoters have been identified. However, to
increase the availability of useful promoters is necessary
for effective constitutive gene expression. Furthermore,
variety of novel promoter sequences needs to be explored
for utilization in transgenic crop production (Naqvi et al.,
2017). Moreover, the major problem to use such
promoters covers some intellectual property right (IPR)
issues (Masood et al., 2017).
Starch is the inexpensive thicker, water binder and
gelly like agent with a complex structure and
homoploymer of glucose (Gilbert et al., 2011; Syahariza
et al., 2013). Starch is the vital molecule, produced during
the process of photosynthetic fixation of carbon dioxide
by the chloroplast. The starch is a basic component of
many plants as a storage tissue. Moreover, it has two
types including the transitory starch and storage starch
both of these are composed of one linear polymer,
amylose and the other branched polymer, amylopectin.
However, slow digestion ability of starch leads towards
decrease in frequency of the metabolic disease,
specifically obesity and diabetes. This is also useful to
improve the complications associated with complex
diseases (Lehmann & Robin 2010). To improve the
efficiency of the agricultural crops, the need of
appropriate promoters is essential. Some common
promoters like CaMV 35S, rbcs promoter, actin promoter
from rice, maize and soyabean promoters are being used
actively (Jani et al., 2002; Chiera et al., 2007). Production
of transgenic crops by transferring modified genes is a
useful process. Plants having transgenes can express
foreign proteins with industrial and commercial value
(Mubeen et al., 2017).

In plants, several starch branching enzymes have
been discovered. Two most common types of starch
branching enzymes includes, the SBEl and SBEll.
Whereas, the SBEll have further two types the SBElla and
SBEllb. Both of these have a different role for the
synthesis of the starch. SBEl uses amylose as its substrate
and SBEll uses amylopectin as its substrate. The SBEl can
transfer the long glucan chains while the SBEll can
transfer the short chains of glucan (Martin & smith 1995;
Bhattacharyya et al., 1990).
Some of the previously reported SBE’s differ in size
in different crops. Particularly, in wheat both SBEI and
SBEII have a size of 88kD. Similarly, in maize, the SBEl
is specifically branched with the amylose which gives
more long chains than the SBEllb (Takeda et al., 1993).
In dicots, like pea and potato, the only single form of
SBEll is defined with only few known genes, namely
SBEl and SBEll. However, these were nonfunctional in
the pea plant having wrinkled shape (Bhattacharya et al.,
1990; Poulsen et al, 1993; Burton et al., 1995). In rice,
there are two types of SBE ll including lla and llb, both
unique to the endosperms (Yamanouchi et al., 1992). In
barely, both of the SBElla and SBEllb express activities
which are comparable in the endosperm of different crops
but only the llb shows some expression in the endosperm
of barley (Sun et al., 1997). The biosynthesis of starch
can be done by many enzymes like the ADP-glucose,
pyro- phosphorylase, the geanule bound starch synthase,
soluble starch synthase, the starch branching enzyme and
the starch debranching enzymes. Some of these enzymes
like (GBSS, SSS, SBE & DBE) have many structures.
SBE is a glucosyl transferase, it can help in the catalysis
and formation of α 1-6 linkage of the amylopectin. It can
also produce starch chains, which are responsible for
synthesis of amylopectin (Wu et al., 2013). The SBE is
not only useful for the catalysis of the new branches but it
is also beneficial for adding up new non reducing ends in
the molecule of starch and this synthesis can be continued
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at the new non reducing ends so it can show the pattern of
branching in the amylopectin and can affect the starch
amount (Yandeau et al., 2011).
Oryza sativa consists of 430MB genome comprising
of 12 chromosomes. Alpha-amylase is the principal
catalyst in the pathway that converts starch into glucose.
However, the direction of an amylase quality articulation
may assume an imperative part in seedling improvement.
Oat seedling life corresponds with the measure of an
amylase movement in the developing seed (Tsuchiya et
al., 1992). Rice is one of the essential nourishing crop
consumed by some portion of the total population every
year. Up to some extent, 90% of the Rice is starch, which
includes the glucose polymer amylose and the
amylopectin. They can be polymerized with the help of
1,4 and 1,6 linkages amylopectin, which is the
enormously spared polysaccharide having high level of
the polymerization (DP). Both the amylose and
amylopectin are merged by two different pathways. Its
union require the dynamic granule-bound starch synthase
(GBSS), while amylopectin is a result of an intricate
pathway, which includes distinctive isoforms of starch
synthase (SS), starch expanding compounds (SBEs), and
starch-debranching proteins (SDBEs) (Ball et al., 2003).
In higher plants, the biosynthesis of starch is carried out
by four classes of the chemicals; ADP-Glc
pyrophosphorylase (AGPase), starch synthase (SS), starch
branching enzymes (BE) and starch debranching enzymes
(DBE) (Smith et al., 1997). However, in case of
amylopectin the starch capacity is almost 65% to 85%
having a proper structure with connected bunches
(Jenkins et al., 1993). Some of the hereditary studies,
have uncovered numerous qualities and quantitative
characteristic loci for grain quality. However, still some
of the grain quality attributes are unpredictable.
Furthermore, some real qualities has been cloned in a
particular pathway, for example, starch, protein, lipid, and
flavonoids biosynthesis.
The presence of several cis regulatory elements
within the promoter sequence of gene plays a vital role in
controlling overall expression of genes. Starch branching
enzyme found to be highly rich with such functional motif
and conserved protein domains. In the present study, we
have identified the promoter sequence of SBE gene from
Oryza sativa by using HTGS database and orthologues of
SBE with higher similarity. We have further characterized
the putative conserved protein domains and several cisregulatory elements, which plays a crucial role in
transcriptional regulation within the promoter region. The
results are represented along with future utilization and
benefits of promoter sequences.
Material and Methods
Bioinformatics approach for promoter analysis: The
use of various bioinformatics tools and software’s has
made it possible to understand and analyze the gene
expression patterns. The expression of genes can be
studied by understanding the regulation process.
However, a specific promoter present at 5’ end of gene
controls the gene expression regulation.

Sequence retrieval: The promoter sequence of SBE gene
from Oryza sativa 2870bp was retrieved from NCBIHTGS database. The selected gene was located at
chromosome 6.
Analysis of orthologues: The SBE gene was searched in
NCBI to find its genetic variants in different organisms.
The orthologues predict similar functions of all SBE
genes with subject SBE gene.
Analysis of Cis regulatory elements and conserved
protein domains: The PlantCARE database was used for
analysis of motif in SBE gene promoter. Protocomp
software was used for prediction of localized proteins
within promoter region. Further, the CDD software was
used for prediction and analysis of conserved protein
domains with structure and hierarchal representation of
sequence clusters.
Results
Retrieval of SBE promoter sequence through high
throughput genome sequencing: The promoter sequence
of SBE gene from Oryza sativa was obtained from NCBIHigh throughput genome sequencing (HTGS) database.
The SBE gene was located at chromosome 6. The
sequence is shown in Fig. 1 below:
Identification of SBE Motif: The SBE gene promoter
sequence was searched in Plant CARE database for
identification of putative motif present within the
promoter sequence. Each motif has a different function
and represented in a different color. Results are shown in
Fig. 2 below:
Functions of SBE Motif: The SBE sequence analysis for
identification of conserved region resulted in
identification of several cis regulatory motif. Some of
these were found useful in control of light responsiveness
and some are involved in regulation of metabolism.
Results are given in Table 1 below:
Identification of SBE gene orthologues: The subject
SBE gene was matched with other SBE genes by using
different bioinformatics software’s for finding its
orthologues. Results showed 41 different gene
orthologues with percent similarity. All of these genes
were located on different chromosomes. Few of these are
given in Table 2 below:
Identification of proteins in SBE gene promoter:
The selected SBE promoter sequence was searched
against localized proteins by using softberry
Protocomp 9.0 software for finding integral prediction
of location of specialized proteins within the SBE
promoter sequence. Results showed the presence of
highest number of integral proteins in extracellular
matrix and chloroplast region with value of 3.14-3.15
as given in Table 3 and Fig. 3 below:
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Fig. 1. Retrieval of promoter sequence from HTGS database.
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Fig. 2. Shows presence of motif at conserved regions within the SBE promoter sequence obtained from PlantCARE database.
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Motif name
AAGAA-motif
AE-box
Box 4
CAAT-box
CAT-box
CGTCA-motif
CTAG-motif
G-box
GAG-motif
I-box
O2-site
Pc-CMA2c
Skn-1_motif
Sp1
TATA-box
TATA-box
TC-rich repeats

Sr. No.
1.
2.
3.

4.

5.

6.

7.
8.
9.
10.
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Table 1. Shows presence of cis regulatory elements in different organisms.
Function
Organisms
GAAAGAA
Avena sativa
AGAAACTT part of a module for light response
Arabidopsis thaliana
ATTAAT part of a conserved DNA module involved in light responsiveness
Petroselinum crispum
CAAT common cis-acting element in promoter and enhancer regions
Hordeum vulgare
GCCACT cis-acting regulatory element related to meristem expression
Arabidopsis thaliana
CGTCA cis-acting regulatory element involved in the MeJA-responsiveness
Hordeum vulgare
ACTAGCAGAA
Avena sativa
CACGTC cis-acting regulatory element involved in light responsiveness
Zea mays
AGAGATG part of a light responsive element
Spinacia oleracea
CTCTTATGCT part of a light responsive element
Nicotiana plumbaginifolia
GATGA(C/T)(A/G)TG(A/G) cis-acting regulatory element involved in zein
Zea mays
metabolism regulation
GCCCACACA part of a light responsive element
Spinacia oleracea
GTCAT cis-acting regulatory element required for endosperm expression
Oryza sativa
CC(G/A)CCClight responsive element
Zea mays
TAATA core promoter element around -30 of transcription start
Glycine max
TTTTA core promoter element around -30 of transcription start
Oryza sativa
ATTTTCTTCA cis-acting element involved in defense and stress responsiveness
Nicotiana tabacum

Name gene
SBE2.2
ID: 831769
SBE1 ae1
ID: 542238
LOC4342117
ID: 4342117
SBE1
LOC102596498
ID:102596498
SBE ll
LOC106762405
ID:106762405
SBEllb
LOC4329532
ID: 4329532
SBE3
LOC103440187
ID:103440187
SBEl
LOC7487520
ID: 7487520
LOC8059621
ID: 8059621
Sbellb
Bathy06g02210
ID: 19015201

Location weights:
Nuclear
Plasma membrane
Extracellular
Cytoplasmic
Mitochondrial
Endoplasm. retic.
Peroxisomal
Golgi
Chloroplast
Vacuolar

Table 2. Shows the SBE gene orthologues.
Description

Chromosome location

Arabidopsis thaliana

Chromosome 5

Zea mays

Chromosome 5

Oryza sativa var. japonica
Group (Japanese rice)

Chromosome 6

Solanum tuberosum

Chromosome 4

Vigna radiate

Chromosome 5

Oryza sativa var. japonica
Group (Japanese rice)

Chromosome 2

[Malus domestica (Apple)]

Chromosome 8

Populus trichocarpa

Chromosome 1

Sorghum bicolor (Sorghum)

Chromosome 4

Bathycoccus prasinos

Chromosome 6

Table 3. Shows the location of proteins within the SBE promoter region.
LocDB /
PotLocDB /
Neural Nets /
Pentamers /
0.0 /
0.0 /
0.00 /
0.00 /
0.0 /
0.0 /
1.00 /
0.00 /
0.0 /
0.0 /
1.00 /
0.87 /
0.0 /
0.0 /
0.00 /
1.51 /
0.0 /
0.0 /
0.00 /
0.99 /
0.0 /
0.0 /
0.00 /
1.38 /
0.0 /
0.0 /
1.00 /
0.00 /
0.0 /
0.0 /
0.00 /
1.31 /
0.0 /
0.0 /
0.00 /
0.00 /
0.0 /
0.0 /
0.00 /
0.02 /

Integral
0.00
0.00
3.15
0.00
0.77
0.15
2.79
0.00
3.14
0.00
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Fig. 3. Shows the diagrammatic representation of localized proteins of SBE.

Analysis of protein domains: The SBE promoter
sequence was explored further by applying computational
approach. The NCBI CDD data repository was used to find
the putative conserved domains. Out of these, most of the
domains were responsible for catalytic activity of proteins
at the N-terminal end. Chitinases are important components
necessary for hydrolyzing the abundant natural biopolymer
chitin, which produce smaller chito-oligosaccharides.
Several domains were identified with different catalytic
activity. The sequence cluster (cd02848) was associated
with chitinase catalytic domain. Furthermore, another Nterminal domain (cd11234) was identified and associated
with glycogen debranching enzyme. Glycogen debranching
enzymes exhibit two types of activities, including 4-alphaglucanotransferase and amylo-1,6-glucosidase activity.
The cluster tree for both of these domains were obtained
from cluster protein domain family (CDD) and represented
in Fig. 4(a, b) below:
Discussion
SBEs have various isoforms in growing stockpiling
tissues of maize, rice, pea, wheat, potato and Arabidopsis.
SBEs are isolated based on two gatherings made on auxiliary
and the synergist properties; the principal aggregate is the
SBE family ll (Martin & Smith, 1995). Another SBE family
I or B contains SBEI from maize, wheat, potato, cassava and
SBEII from pea (Koporann et al., 1991; Salehuzzaman et al.,
1992; Sun et al., 1997; Larsson et al., 1996; Fisher et al.,
1996; Burton et al., 1995).

In Arabidopsis, this has been revealed that SBEII can
be additionally subdivided into two kinds, generally
delegated SBEIIa and SBEIIb, that vary marginally in
synergist properties (Gao et al., 1997). The requirement
for numerous isoforms of SBE in plants is not easily
comprehended and differentiates forcefully to the single
glycogen-stretching compound found in microbes and
warm-blooded animals. No doubt, plants require
distinctive expanding exercises in various tissues and
amid various formative phases of sink tissues. Moreover,
it was observed that a move from SBEII to SBEI action
amid pea incipient organism advancement was associated
with changes in the amylopectin structure (Burton et al.,
1995). The fine structure of amylopectin is known to vary
contingent upon plant species and different plant tissues,
and this variety impacts the particular properties of the
individual starch. Starch fanning protein (BE) catalyzes
the development of α-1,6-glucosidic linkages of
amylopectin amid starch biosynthesis, and hence BE has a
critical impact in the arrangement of a particular fine
structure of amylopectin.
Genome wide characterization studies revealed the
discovery of 46 SBE’s. Out of these, three were rich in
Arabidopsis thaliana, Zea mays, barley and potato
(Tetlow & Emes, 2014), four in Oryza sativa and seven in
Triticum aestivum (Tyagi et al., 2017) and six in cassava
(Pei et al., 2015). In addition to this, several SBE give rise
some specialized modifying effects, which plays an
important role in many other biological processes
including germination, seedling growth and development.
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Fig. 4. (a). Shows the related sequences for (cd11234) in a cluster obtained from CDD. (b). Shows the related sequences for (cd2848)
in a cluster obtained from CDD.

In this study, we have identified SBE gene promoter
from Oryza sativa and studied its orthologues, by
comparing ancestors using phylogenetic approach.
Further, the identification of some cytoplasmic, localized
and extracellular proteins is useful to identify expression
patterns. Furthermore, the identification of several cis
acting regulatory elements sheds light on underlying
mechanism of targeted gene expression, development and
genomic pathways.
The study of SBE gene promoter sequence revealed
its importance as a key player of transcriptional control
activities. The presence of several motifs, each linked
with specific function revealed the importance of SBE.
For instance, the motif CAAT box signals the binding site
for RNA transcription factor appears within a conserved
consensus sequence on enhancer region. CAT-box
functions as a cis-acting regulatory element related to
meristem expression, G-box is involved in light
responsiveness, Skn-1_motif acts as a regulatory element
required for endosperm expression. Similarly, TATA-box
acts as a core promoter element around -30 of
transcription start and TC-rich repeats as a common cis-

acting element involved in defense and stress
responsiveness. Moreover, identification of protein
domains within the SBE rice promoter also showed
characteristics of some activities associated with Nterminal domain for catalytic activity of chitinase and
glycogen debranching enzyme.
Conclusion
To understand the behavior and gene expression
patterns, it is important to predict cis acting regulatory
elements. Use of high throughput genomic methods have
provided great success in identification and analysis of
such motif and protein domains. Most of these domains
are associated with different types of catalytic domains at
any one terminal, either the N-terminal or C-terminal end,
involved in different interactions like homodimeric,
tetrameric and dodecameric interactions. These findings
highlight the usefulness of SBE promoter, as one of the
useful promoter for studying active gene regulation,
metabolic pathways and expression of genes involved in
starch synthesis.
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