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Abstract

SQUAMOSA-Promoter Binding Proteins (SBP) are class of transcription factors that play vital role in regulation of
plant tissue growth and development. The genes encoding these proteins have not yet been identified in diploid cotton. Thus
here, a comprehensive genome wide analysis of SBP genes/proteins was carried out to identify the genes encoding SBP
proteins in Gossypium raimondii and Arabidopsis thaliana. We identified 17 SBP genes from Arabidopsis thaliana genome
and 30 SBP genes from Gossypium raimondii. Chromosome localization studies revealed the uneven distribution of SBP
encoding genes both in the genomes of A. thaliana and G. raimondii. In cotton, five SBP genes were located on
chromosome no. 2, while no gene was found on chromosome 9. In A. thaliana, maximum seven SBP genes were identified
on chromosome 9, while chromosome 4 did not have any SBP gene. Thus, the SBP gene family might have expanded as a
result of segmental as well as tandem duplications in these species. The comparative phylogenetic analysis of Arabidopsis
and cotton SBPs revealed the presence of eight groups. The gene structure analysis of SBP encoding genes revealed the
presence of one to eleven inrons in both Arabidopsis and G. raimondii. The proteins sharing the same phyletic group mostly
demonstrated the similar intron-exon occurrence pattern; and share the common conserved domains. The SBP DNA-binding
domain shared 24 absolutely conserved residues in Arabidopsis. The present study can serve as a base for the functional
characterization of SBP gene family in Gossypium raimondii.
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Introduction

Transcription factors (TFs) are DNA binding proteins
that control gene expression in living organisms, as in
plants these hold a strategic role at the level of gene
regulation (Wang et al., 2009). In plants several families
of transcription factors are identified which mediates
plant responses right from seed germination to plant
maturity (Noguero et al. 2013). The genome of
Avrabidopsis alone contains more than 25 major families
of transcription factors (Riechmann & Rateliffe 2000).
One of these families comprises a DNA binding domain
known as the SQUAMOSA PROMOTER BINDING
PROTEIN (SBP) domain which is encoded by the SBP-
box. The member of this family are called SBP
transcription factors.

A numeral of biochemical and functional studies
revealed that the SBP-box gene show vital role in
regulation of plant tissue growth and development. The
proteins belonging to SPB family are distinct by a
extremely sealed area of 76 amino acids called the SBP
domain (Preston & Hileman, 2013). The SBP domain is
complicated and contains sequence-specific DNA binding
to a consensus-binding site comprising a GTAC core
motif (Preston & Hileman, 2013). The extremely
conserved 76 amino acids residues SBP domain binds
precisely to associated motifs in the Antirrhinum majus
SQUA promoter and the orthologus Arabidopsis thaliana

AP1 promoter (Birkenbihl et al., 2005). The arrangement
bases for this sequence specific binding arrangements
formed by the organization of two zinc ions by conserved
cysteine and histidine residues (Cardon et al., 1999). SPL
genes are present in all green plants counting single
celled, mosses, green algae, angiosperms and
gymnosperms, and (Preston and Hileman, 2013). In recent
years, SBP genes are recognized in various plants for
example a novel BPSPL1, SBP-box gene from silver
birch (Betula pendula) binds with a cis element of
BpMADSS5 (Lannenpaa et al., 2004).

SBP-box is also a feature characteristic of the
Arabidopsis SQUAMOSA PROMOTER BINDING
PROTEIN-LIKE (SPL) gene family (Wang et al., 2009).
A gene belonging to this gene family, SPL is found to
play role in initial stages of microsporogenesis and
megasporogenesis and as well as the growth of ordinary
plant architecture (Cardon et al., 1997). SPL gene family
was first identified in Antirrhinum majus. SPL genes are
closely related to AmSBP1 and AmSBP2 to bind to the
promoter of the floral meristem unique gene of
SQUAMOSA (Klein et al., 1996). The members of gene
families containing SBP box have been extensively
reviewed recently (Preston & Hileman, 2013).

SBP transcription factors have been continued the
effort of In silico studies in numerous plant species. In
the latest era, owing to the improvements in sequencing
techniques and data analysis, the genomes of numerous
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crop species have been sequenced. These genomes have
been topic of bioinformatics analysis for various
transcription factor gene families (Noguero et al. 2013;
Khan et al. 2016). There are several reports of
bioinformatics studies of SBP transcription factors in
different plant species (Guo et al., 2008; Yamasaki et
al., 2004).

In this study, we have focused on the genome wide
analysis (Imran & Liu, 2016; Watanabe & Khan, 2016) of
SBP genes in Arabidopsis and Gossypium raimondii and
their genomic comparison have done to show the functional
similarity among these species. Further, all the SBP genes
are analyzed by using in silico tools. This study comprises
of phylogenetic analysis, gene structure analysis, multiple
sequence analysis, promoter analysis, synteny analysis and
chromosomal mapping of SBP transcription factor in
Arabidopsis and Gossypium raimondii. This study will
pave the way for genomic comparison of the SBP
transcription factors in these plant species to disclose
functional homology in genomic and protein level.

Materials and Methods

Retrieval of sequence of SBP proteins in Arabidopsis
thaliana and Gossypium raimondii: All the protein
sequences of SBP genes of ArabidopsisThaliana and
Gossypium Raimondii were retrieved from plant TFDB
site versio3.0.(http://planttfdb.cbi.pku.edu.cn/).The intron
and exon positions of both the plant species was retrieved
from Phytozome9.1 (http://www.phytozome.net/).

Phylogenetic analysis: The SBP proteins of Arabidopsis
and Gossypium were subjected to multiple sequence
alignment using ClustalW and on the basis of this
multiple sequence a phylogenetic tree was constructed
using software MEGA 6.06 version. The parameters used
for multiple sequence alignment were Gap opening
penalty: 10;Gap extension penalty:0.2; Residue specific
penalties: on; Hydrophilic penalties: on; Gap separation
distance:4; End gap separation penalty: off; Negative
matrix: off; Delay divergent cutoff: 30%.

Identification of conserved motifs in SBP proteins: Motif
analysis of SBP proteins of Arabidopsis and cotton was
performed using MEME online software version 4.9.1
(http://meme.nbcr.net/meme/cgi-bin/meme.cgi). This motif
analysis was based on certain parameters. These parameters
were maximum number of motifs: 20; The Maximum motif
width was between 5 to 90 residues. The occurrences of a
single motif among the sequences were settled to any
number of repetitions.

Chromosomal mapping of SBP genes: All the SBP genes
of Arabidopsis thaliana and Gossypium raimondii were
mapped on chromosomes of respective plant species. This
chromosomal mapping was based on the information
available at Phytozome 9.1(http://www.phytozome.net/)
and NCBI (http://www.ncbi.nlm.nih.gov/) databases.
Chromosomal mapping was performed in excel sheet. The
SBP genes of A. thaliana were distributed among 5
chromosomes and all the SBP genes of G. Raimondii were
distributed among 13 chromosomes.
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Multiple sequence alignment: The SBP domain was
analyzed in Arabidopsis and G. raimondii through
multiple sequence alignment. This analysis was carried
out by performing multiple sequence alignment by using
online  tool COBALT  available at  NCBI
(http://www.stva.ncbi.nlm.nih.gov/tools/cobalt/re_cobalt.
cgi) and Unipro UGENE. Default settings were not
changed in COBALT during alignment.

Gene structure analysis: For gene structure analysis the
whole genomic sequences of all the SBP genes of
Arabidopsis and Gossypium were downloaded from
Phytozome (http://www.phytozome.net/) Version 9.1. In
Arabidopsis thaliana, the position and the exact numeric
value of intron and exon was calculated from TAIR
(https://www.arabidopsis.org/). In Gossypium raimondii
the position and the exact numeric value of intron and
exon was calculated manually. The gene structure
analysis was carried out by using online software Fancy
Gene version 1.4(http://bio.ieo.eu/fancygene/).

Analysis of Cis regulatory element in promoter sequence:
The 1kb promoter sequence upstream to the start codon of all
SBP genes of Arabidopsis and Gossypium were retrieved
from their genome assemblies by using Phytozome version
9.1 (http://www.phytozome.net/). To identify the presence of
cis-regulatory elements in the promoter sequence these
sequences were subjected to PLACE
(http://www.dna.affrc.go.jp/PLACE/). Place facilitates the
identification of motifs in the given promoter sequences.

Synteny Analysis: The protein sequences of SBP genes
of both plant species retrieved from plant TFDB site
versio3.0.(http://planttfdb.cbi.pku.edu.cn/) were submitted
to the online synteny analysis tool circoletto
(tools.bat.infspire.org/circoletto).

Results

Phylogenetic analysis of SBP proteins in arabidopsis
and cotton: The SBP proteins of Arabidopsis and
Gossypium raimondii  were subjected to multiple
sequence alignment using ClustalW and a phylogenetic
tree was constructed using MEGA v. 6.06 software and
neighbor joining (NJ) method. Based on this phylogenetic
analysis, SBP genes can be divided into 8 groups in which
the Arabidopsis thaliana and Gossypium raimondii genes
were clustered according to the homology between the
SBP protein sequences (Fig. 1). Seven proteins of
Gossypium and 3 of Arabidopsis were clustered in groupl
as they show greater similarity. In 2" group, 5 proteins of
Gossypium and 2 proteins of Arabidopsis were clustered.
Similarly, group3 consists of 2 proteins from Arabidopsis
and one from Gossypium. Group4 consist of 2 proteins of
Arabidopsis and 4 proteins of Gossypium while Group5
carry 6 proteins with 3 from both plant species. Moreover,
group6 clustered 3 proteins from Arabidopsis and a
couple of proteins from Gossypium. The group?
contained 5 proteins, which are only coded by
Gossypiyum raimondii genes. In 8" cluster, 3 proteins
from each plant species were present. All the relative
information about the SBP genes in Arabidopsis and
Gossypium is shown in Tables 1 & 2.
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Fig. 1. Phylogenetic relationship of Arabidopsis thaliana and Gossypium raimondii SBP genes.
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Table 1. SBP transcription factors identified in
Arabidopsis thaliana.

Sr.# Gene # C: " Intron ::;::;tfrlln Ii‘r(:gteh
1. AT1G02065 1 2 333 2132
2. AT1G20980 1 9 1035 4798
3. AT1G27360 1 3 393 1899
4, AT1G27370 1 3 396 3080
5. AT1G53160 1 2 174 1190
6. AT1G69170 1 3 405 2196
7. AT1G76580 1 11 988 4684
8. AT2G33810 2 1 131 1072
9. AT2G42200 2 2 375 2224
10. AT2G47070 2 9 881 4175
11. AT3G15270 3 1 181 984
12. AT3G57920 3 2 354 1715
13. AT3G60030 3 9 927 3919
14. AT5G18830 5 10 818 4578
15. AT5G43270 5 4 419 3469
16. AT5G50570 5 3 359 2477

Table 2. SBP transcription factors identified in
Gossypium raimondii.

Sr.# Gene # Chr# Intron Protein  Gene
length  length
1. Gr1G057700 1 3 352 2286
2. Gr1G176000 1 3 292 2765
3. Gr2G068300 2 1 182 1458
4, Gr2G112200 2 11 1081 6207
5. Gr2G156700 2 2 374 2394
6. Gr2G181700 2 4 292 3074
7. Gr2G182700 2 5 477 4459
8. Gr3G003200 3 1 173 1348
9. Gr3G102800 3 4 525 5397
10. GraG047200 4 10 928 6005
11. Gr5G056500 5 9 804 7487
12. Gr5G071400 5 10 1040 10941
13. Gr5G146800 5 1 201 1815
14. Gr5G164600 5 3 309 3743
15. Gr5G166500 5 4 474 5702
16. Gr6G066700 6 2 391 3401
17. Gr7G043500 7 3 423 2418
18. Gr7G087900 7 9 420 2717
19. Gr7G116100 7 2 985 6815
20. Gr7G362000 7 2 347 2797
21. Gr8G107300 8 2 355 2473
22. Gr8G107400 8 2 335 2412
23. Gr8G135700 8 9 987 7575
24, Gr8G166000 8 3 302 3796
25. Gr11G029400 11 1 195 1526
26. Gr11G183800 11 9 802 7001
217. Gr12G176500 12 6 478 3191
28. Gr12G185700 12 3 379 2420
29. Gr13G095700 13 4 472 4573
30. Gr13G169800 13 1 181 1219
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Comparison of chromosomal mapping of SBP genes in
Arabidopsis and Gossypium: In Arabidopsis 17 genes
were located on 4 chromosomes because chromosome
number 4 does not carry any SBP transcription factor gene.
Six genes were present on chromosomel, while 2" 31
chromosomes carried 3 SBP genes each. Moreover, 5 genes
were present on chromosome 5. The distribution of SBP
genes among the different chromosomes of A. thaliana is
shown in the Fig. 2.

Gossypium raimondii contains 30 genes from SBP
transcription factor family which were only present on 11
chromosomes out of total 13 genes. The distribution of
SBP genes among the thirteen chromosomes of Gossypium
Raimondi is shown in Fig. 3. Only one gene was present on
both chromosome4 and chromosome6. There were two
genes located on each of chromosomel, 3, 11, 12 and 13.
However, chromosome2 and chromosome5 carried 5 genes
each and 4 genes were present on both chromosome?7 and
8. Moreover, chromosome number 9 and 10 did not show
the presence of SBP genes.

Gene structure analysis of SBP genes in Arabidopsis
and cotton: In order to generate more information
regarding SBP gene family in Arabidopsis and diploid
cotton, the structure of genes in the form of number and
length of introns and exons present in the DNA sequence
of SBP genes was analyzed. To some extent, exon—intron
structures are conserved within different groups of SBP
transcription factors as shown in Fig. 4. The genes present
in group2 represent conservation in their gene structure.
Two genes Gr5G164600, Gr8G16600 are closely related
to each other as their intron exon positions are almost
similar. In group2 two Arabidopsis genes, At5G50570,
At5G50670 are closely related to each other as they have
similar position of introns. Moreover, all the genes
present in group2 carry 3 introns except one gene which is
Gr2G181700. There are 3 genes present in gorup3, two of
them At1G76580 and Gr2G112200 have eleven introns
while the third gene At1G20980 have nine introns.
Among the six genes in group4, two genes GrdG047200
and Gr5G071400 carry 10 intron while the other 4 genes
carry nine intron. Further, the group5 consists of six genes
and out of these, 3 carry 9 introns while the other three
genes Gr11G029400, At1G53160, At2G33810 carry only
one intron. Similarly, one gene (Gr1G176000) from the
group number 6 contained three introns while the other
two genes Gr8G107400 and At1902065 carry two introns
each. In group7, the genes Gr7G087900 and Gr8G107300
carry two introns while the other three genes
Gr3G003200, Gr2G068300, Gr13G169800 carry only a
single intron. In group 8, At3G15270 contain only one
intron while all other five genes carry two intron.

Protein motif analysis for SBP transcription factors in
Arabidopsis and diploid cotton: Protein motifs of SBP
transcription factor proteins were analyzed by online tool
MEME (http://meme.nbcr.net/meme/cgi-bin/meme.cgi) which
is publically available. The results showed twenty conserved
motifs in SBP proteins in both plant species (Fig. 5). The
regular expression of highly conversed motif (Motif 1) is
PRCQVI[ED] GCN J[AVIDL[ST] [NS] AKDYHRRH
[KRIVCEVHI[SAIK[ATI[PSIKIVAIILITVIITAGN]GILITEQ
RFCQQCSRFHLLSEFDEGKRSCR[RK]RLAGHNI[ER]RR
RKPQP[DE] which was present in all the protein sequences
except Gr5G146800 from Gossypium.
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Fig. 2. Chromosomal mapping; of Arabidopsis thaliana SBP gene family. Scale illustrated the positions of genes. It contains five
chromosomes. Arrow head indicates the positions of genes on each chromosome.
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Fig. 4. Phylogenetic relationship and gene structure analysis of Arabidopsis thaliana and Gossypium raimondii SBP genes. Pink and
grey boxes represent UTR and exons respectively and introns are represented by black doted lines. The size of UTR’s, exons and
introns can be estimated by scale. The analysis was performed by fancy gene.

The SBP proteins present in groupl represent higher
conservation of protein sequences as all of them contain
motif 1, except one protein Gr5G146800 and motif 9 except
Gr5G146800. However, motif 1 and motifll is present in
only one gene of groupl which is Gr5G146800. Further,
motifl5 is present in 3 proteins Gr5G166500, Gr12G176500
and Gr2G182700. The genes present in group2 are closely
related to each other as all of them contain motif 1 and motif
9. The protein sequences in the group3 carry motif 1, 4, 5, 6,
8, 10, 14, 16, 17and18. The presence of these motifs shows
these protein sequences are highly conserved and have lot of
information to be transacted. Two proteins of group2
At1G20980 and Gr2G112200 also carry motif 9. The protein
sequences in group4 are also conserved within the cluster as
motif 1,6,7,8,10,12,13,14,16,17 and 18 are present in all

sequences except one sequence (At3G60030) which does not
contain motif 16. The sequences present in group5 do not
show considerable conservation. Three proteins from this
group Gr5G056500, Gr11G183800, At5G18830 carry motif
1, 2,5, 14 and 16, while the other three genes Gr11G029400,
At1G53160, At2G33810 carry motif lonly. The protein
sequences of group 6 are short sequences and carry two
motifs i.e. motif 1 and motif 11. The two proteins sequences
of group 7 carry motif 1, 9 and 11 along these motifs
Gr7G087900 also carry motif 14 and Gr8G107300 also carry
motif 8 as shown in Fig. 5. The other three protein sequences
Gr3G003200, Gr2G068300 and Gr13G169800 carry only
motif 1. All the protein sequences of group 8 carry motif 1, 9
and 11 except one protein sequence At3G15270 which
consist of only one conserved region, the motif number 1.
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Multiple sequence alignment of SBP domains of
Arabidopsis and Gossypium raimondii: The signature
domain from SBP proteins in both plant species was aligned
to see the similarities, differences and conservation of
various amino acid residues using multiple sequence
alignment. The length of the domain was assessed from plant
transcription factors database (TFDB) site versio3.0.
(http://planttfdb.cbi.pku.edu.cn/). Multiple sequence
alignment of Arabidopsis Thaliana domain is shown in (Figs.
6 and 7). In Arabidopsis domain, 24 residues out of 76
residues of SBP domain were highly conserved while in
Gossypium 10 residues out of 76 residues were highly
conserved.

Analysis of Cis regulatory elements in the promoters of
SBP genes from both plant species: The expression level
of genes is regulated by cis regulatory elements present in the
promoter region. The cis elements were determined from
1000bp upstream to the start codon in the promoter region of
SBP transcription factors. The presence of five cis elements
i.e. TATAbox, GATAbox, Ebox, Whox, CCAATbox and
CAAThox was evaluated in this region of the promoters. The
number and location of different elements is given in Table
2, Figs. 8 and 9. In Arabidopsis, the promoter of most of the
SBP genes contained higher number of these cis elements
between 300bp to 780bp (Fig. 8). The promoter sequence of
all the genes carry GATAbox and Ebox. Similarly, the
promoters of all the SBP genes from Arabidopsis carry
Whbox except two genes which are At1G53160 and
At5G18830. It was also perceived that there was one gene
At2G33810 the promoter of which does not include
TATAbox. The promoter of At3G60030 does not contain
CAATbhox, while those of At3G57920 and At3G60030 do
not include CCAATboX.

However, in Gossypium raimondii CAATbox and
TATADboX are present in in the 1kb promoter sequence all
the genes except Gr3G071400 which does not have
TATAbox in it (Fig. 9). Ebox is also present in all SBP
promoters except the promoters of Gr7G087900 and
Gr7G116100 genes. The promoter region of 13 genes in
Gossypiun  do not contain CCAATbox which are
Gr2G112200, Gr2G181700, Gr3G071400, Gr7G087900,
Gr7G116100, Gr7G362000, Gr8G107300, Gr8G107400,
Gr8G135700, Gr8G166000, Gr11G029400, Gr11G183800,
Gr12G185700. Similarly, Whbox is not present in four
promoters Gr7G087900, Gr8G166000, Gr11G029400 and
Gr12G176500. GATAbox is absent in the promoter
sequences of two genes Gr12G185700 and Gr13G095700.

Evolutionary relationship of Arabidopsis and Gossypium
raimondii SBP genes: To get the idea about the origin and
evolutionary relationship of the SBP protein family genes in
these plants, a comparative synteny analysis between
Arabidopsis and Gossypium SBP protein sequences was
performed. This synteny analysis was performed between 17
Arabidopsis and 30 Gossypium SBP proteins. This synteny
analysis represents that the proteins from both species are
closely related to each other and they show higher similarity
but there are some genes which have greater similarty than
the other genes (Fig. 10). This analysis represent that a single
Gossypium gene Gr2G112200 is syntenic to multiple
Avrabidopsis genes such as -At1G76580 and At1G20980.

MUHAMMAD AMJAD ALI ET AL.,

Similarly, there are some genes of Arabidopsis thaliana
which corresponds to multiple Gossypium raimondii genes
such as  At2G47070-Gr5G071400/  Gr7G116100/
Gr8G135700, At3G60030-Gr5G071400/Gr7G116100/
Gr8G135700/Gr4G047200 as shown in (Fig. 10).

Discussion

It has been reported that SBP box genes are only found
in plants (Cardon et al., 1999; Guo et al., 2008). The SBP
genes present in green plants ranging from unicellular
green algae, Lycophytes and mosses to angiosperms and
gymnosperm. While golden algae, red algae and brown
algae do not carry SBP-box genes (Guo et al., 2008). SBP
transcription factor gene family has been the subject of
intensive studies, as they have been identified in Rice (Xie
et al., 2006; Yang et al.,, 2008), Tomatto, Maize and
Arabidopsis (Cardon et al., 1999; Yang et al., 2008),
Physcomitrella patens (Riese et al., 2007), Grapevine (Hou
et al., 2010; Wang et al., 2010), Malus domestica (Li et al.,
2013), Castor Bean (Zhang & Ling, 2014) and Gossypium
hirsutum (Zhang et al., 2014b).

In this study we performed a comparative
computational analysis of SBP proteins in the model plant
Arabidopsis and diploid cotton (Gossypium raimondii). The
phylogenetic tree revealed 8 groups of SBP proteins on the
basis of protein sequence, intron-exon structure and protein
motif analysis. Guo et al. (2008) carried out a phylogenetic
analysis of SBP genes from green algae, mosses, platens,
gymnosperms, dicotyledoneous angiosperm Arabidopsis
and the monocotyledoneous angiosperm rice (Oryza sativa)
and maize (Zea mays).The results represented that all the
sequences from the green algae were grouped separately in
one clade while all the other sequences from the land plants
were present in other group which represents the similarity
between land plants (Guo et al., 2008). Furthermore, Li et
al. 2013 also carried out a phylogenetic relationship by
using SBP-box genes from green algae, P. paten, moss,
apple, grapes, tomato, Arabidopsis and the results showed
that all the sequences from land plants were present in one
group while the sequences from the green algae were
clustered into other clad. Wang et al. (2009) carried out a
phylogenetic analysis by using the SBP-box genes from
grapevine and Arabidopsis and the resulted tree was
divided into three groups A,B,C. The group A was further
subdivided into six subgroups and the group B was
subdivided into two groups in order to identify the
orthologues and paralogues relationship. As the sequences
from both grapevine and Arabidopsis have similarity so it
was concluded that they may be originated from the same
ancestor plants before the divergence of grapevine and
Avrabidopsis. In our study a phylogenetic tree was generated
based on the SBP proteins identified in two land plant
Arabidopsis and diploid cotton, the tree was divided into
eight groups and the sequences present in each group
represents  similarity = between  sequences.  From
phylogenetic analysis, it was observed that the genes from
Arabidopsis and cotton were not clustered in a species
specific manner as the genes from both plants were
scattered throughout the phylogenetic tree. In addition, it
was also observed that each group contains SBP protein
sequences from both plants which suggest that the SBP
protein sequences from these plants have certain extent of
similarity between them.
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Fig. 6. Multiple sequence alignment of Arabidopsis thaliana SBP domain. The alignment was carried out by using unipro UGENE.
Alignment contains 26 conserved residues.
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Fig. 10. Synteny analysis of SBP-box genes between Arabidopsis and Gossypium. Colored lines which connect two regions indicate
syntenic regions between Arabidopsis and Gossypium.

The genomic sequences of SBP genes present in rice one group carries almost similar gene structure with some
contain long introns. However, the Arabidopsis SBP exceptions. Moreover, those SBP genes which have
genes have average length of intron 124bp and Rice have  similar exon-intron pattern might have originated from a
average length of 520bp (Guo et al., 2008). Guo and his ~ common ancestor. Whereas, the difference in exon-intron
colleagues carried out the gene structure analysis by using structure among different groups hints that these SBP
SBP-box genes of Arabidopsis and rice and the results  factors may have different physiological functions. As in
shows that the genes present in the same group have early studies it was reported that SBP box genes from
almost similar gene structure with a little exception due to different groups play different roles I, in flower and fruit
variation in number of exons and introns. Furthermore, Li development, in response to copper and fungal toxin and
et al. (2013) also carried out a gene structure analysis of in sporogenesis (Guo et al., 2008).

SBP factors from apple and proposed that the sequences This study also analyzes conserved protein motifs of
present in same group almost have similar exon-intron SBP  transcription  factors  which  demonstrated
structure, similar number of exons and introns with little conservation of several motifs in different groups. The
exception. In our study, the gene structure analysis was protein sequence of the genes present in same group have
carried out for the SBP-box genes from Arabidopsis and almost similar pattern of conserved motifs. The motif 1 is
cotton. The results reveal that the sequences present in present in all Arabidopsis and cotton SBP proteins as it
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carries the SBP signature domain sequence which is two
zinc binding sites and a nuclear localization signals
sequence. Along with motif 1 there are other motifs which
are conserved in different groups but the function of these
motifs is not known, however, they might be considered
as structural units (Zhang et al., 2014a). In SBP domain
analysis we identified two zinc finger like structures or
zinc binding sites one zinc binding site (Znl) contain
three cysteine and one histidine residue (Cx4Cx16Cx2H)
while second zinc binding site (Zn2) contains three
cysteine and one histidine residue (Cx2Cx3Hx11C) along
these two zinc binding site the SBP domain also carry a
highly conserved region known as nuclear localization
signal (NLS) in overlapping with Zn2. The consensus
sequence for NLS is KRx11RRRK. In previous studies
these two zinc finger like structures and NLS was also
observed as conserved part of the SBP domain in
Grapevine (Wang et al., 2010) and in Arabidopsis (Zhang
et al., 2014a). The conservation of zinc binding sites and
the NLS in SBP domain is considered important for
specific recognition and binding to cis-elements in the
promoter of target genes (Zhang et al., 2014a).

The physical distribution of the SBP genes on the
chromosomes in various plants has also been reported
previously. For example, in apple all the 27 genes were
distributed among nine out of the seventeen chromosomes
which were chromosome 3, 6, 7, 9, 11, 13, 14, 16, 17 with
maximum number of 8 genes on chromosome 13 and 16
(Li et al., 2013). In our study in Arabidopsis, 16 SBP
genes were distributed among all the five chromosomes
with a maximum of 7 genes on chromosome 1 and in
Gossypium raimondii all the thirty genes are distributed
among thirteen chromosomes with the maximum number
of 5 SBP genes on chromosome 2 and 5 each.

Six cis- acting regulatory elements, CAAT-BOX,
CCAAT-BOX, E-BOX, W-BOX, GATA-BOX and
TATA-BOX, were located and mapped on 1 kb upstream
of initiation codon. They all are involved in gene
regulation under stress conditions. The consensus
signature sequences of these cis elements are CAAT,
GGCCAATCT, CACGTG, TGAC, TATAAA and GATA
respectively. The extent of the specificity of gene
expression depends on cis-regulatory elements and their
binding and interaction with the transcription factor
(Zhou, 1999). The GT1-BOX interacts with GATA
element and gives light-induced expression, however, its
binding with other light responsive elements is necessary
for expression (Zhou, 1999). W-BOX is DNA binding
place for WRKY transcription factors which are involved
in gene regulation of many processes like plant growth
and development, leaf senescence, cell signaling and in
response to several biotic and abiotic stress responses (Ali
et al., 2014; Chi et al., 2013; Rushton et al., 2012;
Rushton et al., 2010). Similarly, TATA box is considered
very important for transcriptional activation and
regulation for variety of processes in plants (Bernard et
al., 2010). In this study, the analysis of cis regulatory
element revealed that in Arabidopsis, the promoter
sequences of SBP gene have higher number of cis
regulatory elements between 300bp to 780bp and all the
genes carry GATAbox and Ebox. While in Gossypium
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raimondii CAAT box is present in all genes. This
indicated that SBP transcription factors are regulated by a
variety of other transcription factors. Most of these cis
regulatory elements are related to transcription factors
involved in diverse plant functions which suggest that the
regulation of SBP factors is important phenomenon.

Our study also reveals that several Arabidopsis SBP
genes were syntenic to those of diploid cotton genes
which demonstrated an evolutionary relationship between
these genes. According to the synteny analysis between
Apple and Arabidopsis shows, 11 apple and Arabidopsis
genes were located in the duplicated genomic regions of
both species which indicates that many of apple and
Arabidopsis genes are derived from common ancestor (Li
et al.,, 2013). It has been observed that duplications,
including segmental duplication, tandem duplication and
genomic duplication play important role in the evolution
(Li et al., 2013).

These findings will help in identifying and
understanding the evolutionary relationships among the
SBP transcription factors in different plant species. The
bioinformatics analysis of the SBP transcription factor
family conducted in the present study provides an overall
picture of the classification of SBP family members in
Arabidopsis and Gossypium raimondii.
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