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Abstract: Background: Plant yield closely depends on its environment and is negatively affected
by abiotic stress conditions like drought, salinity, heat, and cold. Analysis of the stress-inducible
genes in Arabidopsis has previously shown that CCGAC and CATGTG play a crucial role in con-
trolling the gene expression through the binding of DREB/CBF and NAC TFs under various stress
conditions, mainly drought and salinity.

Methods: The pattern of these motifs is conserved, which has been analyzed in this study to find
the mechanism of gene expression through spacer specificity, inter motif distance preference, func-
tional analysis, and statistical analysis for four different plants, namely Oryza sativa, Triticum aes-
tivum, Arabidopsis thaliana, and Glycine max.

Results: The spacer frequency analysis has shown a preference for particular spacer lengths among
four genomes. The spacer specificity at all the spacer lengths which predicts dominance of particu-
lar base pairs over others, was analyzed to find the preference of the sequences in the flanking re-
gion. Functional analysis on stress-regulated genes for saline, osmotic, and heat stress clearly
shows that these motif frequencies with inter motif distance (0-30) in the promoter region of Arabi-
dopsis are highest in genes which are upregulated by saline and osmotic stress and downregulated
by heat stress.

Conclusion: Microarray data were analyzed to confirm the role of both motifs in stress response
pathways. Transcription factors seem to prefer larger motif size with repeated CCGAC and CAT-
GTG elements. The common preference for one spacer was further validated through Box and

Whisker’s statistical analysis.
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1. INTRODUCTION

Gene expression and regulation in the eukaryotic organ-
ism have always been the topic for significant research. Abi-
otic stresses lead to a reduction in crop yield in various parts
of the world. With the rising population, there comes the
need for stress responsible plants with optimized gene-regu-
lating promoters [1]. Transcriptional regulation is important
in the regulation of stress-inducible genes. The binding of
transcription factors to cis-regulatory elements is crucial for
gene regulation. Various factors like promoters, enhancers,
repressors, silencers play a major role in the binding of TFs
to cis elements [2]. Alteration in Chromatin architecture
helps the plants to respond during stress [3]. Cis-regulatory
elements, which are the short-conserved region in the DNA
present singly or in combination with other elem-
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ents, are found to reoccur [4]. Together, they up-regulate or
down-regulate the gene expression in response to stress. The
transcription factor binding usually takes place with cis-ele-
ments with inter motif distance from 0 to 25 and is the se-
quence as well as location-specific. The role of different cis-
regulatory elements in abiotic stresses in plants has been
studied (W-box element under heat and salinity [5], the pres-
ence of high frequency of AAAGN7CTTT motif in Arabi-
dopsis thaliana [6]). The present study will focus on spacer
sequence analysis of two such motifs, CCGAC and CAT-
GTG, in two dicots (Arabidopsis thaliana and Glycine max)
and two monocots (Oryza sativa and Triticum aestivum).
Arabidopsis has two pathways (i) abscisic acid (ABA) de-
pendent and (ii) ABA independent pathways for gene expres-
sion under abiotic stress [1, 7]. Dehydration-responsive ele-
ment/C-repeat (DRE/CRT) is involved in ABA independent
regulatory pathway.

In Arabidopsis, the over-expression of the DRE/CRT
binding protein DREB1/CBF results in altered expression of
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more than 40 stress-inducible genes, causing increase toler-
ance of freezing, salt, and drought conditions [8-10]. The
transcriptional regulators that play a role in ABA-dependent
regulatory systems include the MYC and MYB proteins
[11]. In Arabidopsis thaliana, cis-elements and correspond-
ing binding proteins, contain a distinct type of DNA binding
domain, like AP2/ERF, HD-ZIP, basic leucine zipper,
MYB, MYC, and several classes of zinc finger domains
have been involved in plant stress responses as under several
stress conditions, their expression is induced or repressed [1,
12].

In Arabidopsis, the expression of the RD29A/-
COR78/LTI78 gene is up-regulated by cold, drought, and
ABA [13]. The expression of this gene is found to be in-
duced in both aba or abi mutants by drought and cold stress-
es, suggesting that under drought and cold stress conditions,
both ABA-dependent and ABA-independent regulation are
involved in it. The RD29A promoter was analyzed by dele-
tion and base-substitution analyses. A 9-bp conserved se-
quence (TACCGACAT), known as the dehydration respon-
sive element (DRE), is present in the RD29A promoter,
which regulates RD29A expression in the ABA-independent
response to dehydration and cold [14]. DRE does not require
any other elements for its function as a single copy of DRE
is sufficient for ABA-independent stress-responsive gene ex-
pression. DRE is also present in the promoter regions of
many drought- and cold-inducible genes. Similarly, the
A/GCCGAC motif is found in other cis-acting elements, like
C-repeat (CRT) and low-temperature-responsive element (L-
TRE), showing regulation under cold stress. C-repeat-bind-
ing factor 1(CBF1), (DRE-binding protein 1A (DREB1A),
and DREB2A are three cDNA encoding DRE isolated by
the yeast one-hybrid screening method. These proteins par-
ticularly interact with the DRE/CRT sequence activating the
gene transcription driven by the DRE/CRT sequence in Ara-
bidopsis. CBF1 is similar to DREB1B, and its homologs,
CBF2, and CBF3 are similar to DREB1C and DREBIA.
DREBI1/CBF gene expression is induced under cold stress
and the expression of the DREB2 genes is induced under
drought and high-salt stresses. Both DREB1 / CBF and DRE-
B2 proteins bind to DRE, but DREB1 / CBFs are believed to
be involved in cold-responsive gene expression while DRE-
B2 are involved in drought-responsive gene expression,
suggesting indicating a cross-talk between drought-and
cold-responsive gene expression occurs on a cis-acting ele-
ment DRE [15].

CATGTG is the MYC-like sequence that plays a crucial
role in dehydration and salinity-inducible expression of the
EARLY RESPONSIVE TO DEHYDRATION STRESS 1
(ERD1) gene in Arabidopsis thaliana [16], which encodes a
ClIpA (ATP binding subunit of the caseinolytic ATP-depen-
dent protease) homologous protein [17]. This core sequence
is functionally and biologically important in many promot-
ers that respond to stresses like dehydration, salinity, and ab-
scisic acid [18]. This core motif occurs in multiple numbers
at different spacer lengths upstream of many genes. Any
change in this may affect the overall gene expression as the
motif contributes directly by stabilizing the transcription site
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binding and the complex so formed. Three NAC transcrip-
tion factors (ANAC019, ANACO055, and ANAC072/RD26)
were found to bind the MYC-like sequence present in the
promoter of ERD1 [19]. NAC transcription factors involved
in stress response and tolerance have been classified in the
stress-responsive NAC (SNAC) group. NAC transcription
factors have a highly conserved N-terminal DNA-binding do-
main and a variable C-terminal region. It is believed that this
C-terminal region plays a crucial role in determining its tar-
get genes [18].

NAC transcription factors are engaged with different de-
velopmental processes, from shoot meristem development to
auxin signalling [20]. Some reports exhibit its participation
in biotic and abiotic stress signalling [18, 20]. Detailed DNA
binding assay of these NAC transcription factors decided
NACRS (NAC recognition sequence) ANNNN-
NTCNNNNNNNACACGCATGT, which contains CATGT
and harbours CACG as the core DNA binding site [19]. Th-
ese NAC genes were found to be expressed within 1-2 h of
ABA treatment, suggesting that they are induced through an
ABA-independent pathway under drought stress [19]. The
transgenic plants that overexpress ANACO019 and
ANACO072 showed a phenotype and growth time course sim-
ilar to the vector control. In contrast, the plants that overex-
press ANACO55 showed a growth rate like that of the vector
control until they reached the rosette stage; after this point,
plants having the expression of the transgene at the medium
level, indicated a little delay in bolting when compared to
vector control whereas; plants in which the transgene was
overexpressed at high level remained at rosette stage for an
additional few days before first bolting. The transgenic plant
that overexpressed ANAC019, ANACO055 or ANACO072 /
RD26 induced the expression of many stress-inducible
genes but was unable to up-regulate ERD1 [19, 21].

Following the sequence and inter motif distance specifici-
ty, our study attempts to analyze the spacer frequency data
with the distance varying from N=0-30, across four plant
genomes for CCGAC and CATGTG motif combinations.
The frequency of these motifs was also compared with some
control sequences which were identified not to be conserved
themselves [22]. CCGAC and CATGTG occurrence with
ACGT elements was analyzed to understand their role in
stress regulation [23]. Consensus spacer frequency for each
plant genome for CCGAC and CATGTG repeat motif com-
binations were also identified. Functional analysis of the Ara-
bidopsis promoter gives the trend of the correlation spacer
frequency and gene regulation under particular stress among
salinity, osmotic, and heat. Further statistical analysis was
performed through box and whiskers analysis of the spacer
frequency of CCGAC and CATGTG repeat combinations,
showing that some inter-motif distances are more prevalent
in both dicot and monocot species. Transcription factor bind-
ing sites were also found using JASPAR and confirmed us-
ing CONSITE [24]. The knowledge of such cis-regulatory el-
ements in plant stresses will further help understand the
plant genome structure [25]. With the use of such informa-
tion, synthetic modules can be created to increase crop yield
[26].
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2. METHODOLOGY

2.1. Data Extraction

Firstly, the genomic data for four species, two monocots
- Oryza sativa (International Rice Genome Sequencing Pro-
ject, Build 4.0, 2009) [27] and Triticum aestivum, two dicots
- Arabidopsis thaliana (The Arabidopsis genome initiative
v. 10, 2011) [28] and Glycine max (US DOE Joint Genome
Institute (JGI-PGF) was obtained from NCBI database. Spac-
er frequency analysis was done on the genomic data to find
the optimum spacer distance between co-occurring CCGAC
and CATGTG elements. For this, spacer lengths of N=0-30
were analyzed for both the motif repeats. Transcription fac-
tors mainly bind within a distance of 25 base pairs and
hence the limitation to N=30. To test the biological signifi-
cance of these motifs, we generated four control sequences
(ACGCC, CAGCC, AGCCC, and CCGCA) for CCGAC (G-
TAGCT, AGGCTT, GGTCTA, and TAGCTG) for CAT-
GTG and performed a similar analysis. We ensured that
none of the controls was cis-regulatory elements themselves
using the PLANT CARE database [22]. We, then, compared
the frequency of occurrence of the CCGAC(N)CCGAC and
CATGTG(N)CATGTG motifs with that of different control
sequences for N=0-30.

2.2. Spacer Sequence Analysis

Spacer sequence in the overall genome was analyzed to
check the specificity for particular base pairs in the flanking
region of these motifs for N=0-30. The genome-wide GC
content was calculated. To identify the nucleotide prefer-
ence, a threshold of 70% was taken i.e., if the frequency of
G or C was more than 70% of the GC-content, we assumed
that G or C is the preferred base. Similarly, if A or T had a
frequency of occurrence of more than 70% of (1-GC conten-
t) at that particular position, then A or T is the preferred
base. For e.g. in the case of Arabidopsis the total Content in
the genome was 36%, hence to normalize the threshold for
G and C was taken to be 25% and A and T were taken to be
40%. In this way, the consensus sequences for all spacers
were generated.

2.3. Functional Analysis

Using the Arabidopsis thaliana microarray data pub-
lished from the EBI gene expression atlas [29], we analyzed
if the up-regulated /down-regulated genes have CCGAC and
CATGTG motifs suggesting their role in stress response.
The stresses that were focussed here include heat, osmotic,
and saline stress. To identify the correlation between the oc-
currence of these motifs with ACGT cis-element, the combi-
nations with ACGT (CCGAC_ACGT and ACGT_CCGAC;
CATGTG_ACGT and ACGT_CATGTG) were also ana-
lyzed.

2.4. Statistical Analysis

Box and Whiskers analysis was performed to check the
position of the relation of the outliers with the boxes to
check the important peaks which are common across the
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genome in an attempt to establish correlation among the four
genomes. To test the statistical significance, a paired student
t-test was conducted using the standard protocol [30]. For
this, the frequency of occurrence from 0 to 30 between CC-
GAC(N)CCGAC and CATGTG(N)CATGTG motifs were
compared with the control sequences and to test the statisti-
cal significance of the sequences, the paired t-test was ap-
plied. The t-test was also applied for the occurrence of com-
binations of these motifs with ACGT.

2.5. Transcription Factor Binding Site

The Arabidopsis thaliana promoter sequence was ana-
lyzed for CCGAC and CATGTG motifs and their spacer se-
quences. Following this, we found the transcription factors
binding to these cis-elements separated by a few base pair
distance. A 139 bp minimal promoter sequence was used for
this study. TCACTATATATAGGAAGTTCATTTCATTTG-
GAATGGACACGTGTTGTCATTTCTCAACAATTACC-
AACAACAACAAACAACAAACAACATTATACAATT-
ACTATTTACAATTACATCTAGATAAACAATGGCTT-
CCTCC The MPS was suffixed to a few of the spacer se-
quences. The above sequence along with its spacer sequence
version was used in JASPAR to identify the transcription fac-
tors that would bind at various sites. The results were then
confirmed using CONSITE [24, 31].

3. RESULTS

The frequency of occurrence of CCGAC and CATGTG
was the maximum when compared to the control sequences
in all four species. This suggests that the core motifs being
analyzed are biologically more significant (Fig. 1). The spac-
er analysis showed that the occurrence of CCGAC_CCGAC
and CATGTG_CATGTG separated by varying spacer dis-
tance has a much larger frequency when compared to the dif-
ferent control sequences (Fig. 2). To test the significance of
the results, a student t-test was conducted which showed that
the frequencies of occurrence are statistically significant
(p<0.05 for CCGAC_CCGAC in both dicots and monocots
while p<0.001 for CATGTG_CATGTG in dicots and mono-
cots p<0.05). The overall frequency of CCGAC_CCGAC
was found to be 998 in Arabidopsis thaliana, 4670 in
Glycine max, 12608 in Oryza sativa, and 465494 in Triticum
aestivum. In the case of CATGTG_CATGTG the overall fre-
quency was calculated to be 415 in Arabidopsis thaliana,
6733 in Glycine max, 2912 in Oryza sativa, and 109497 in
Triticum aestivum. On analysis, our data showed the vari-
able frequency for N=0-30 across the four species. In the
case of CATGTG_CATGTG, potential common peaks were
identified at N=9,27 in dicots and N=2,11 in monocots (Fig.
3) high degree of overlapping/ correlation was found in the
case of monocots for N = 8 to 12. Whereas in the case of CC-
GAC_CCGAC, spacer frequency data shows common dips
and peaks across the four plant genomes, particularly at the
motif length 1 except Arabidopsis thaliana. Spacer frequen-
cy analysis also showed a high correlation among monocots
for spacer length 0-10. Common dips were observed among
the four-plant species except Arabidopsis thaliana at inter
motif distances of 6 and 18 which further indicates the
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Fig. (1). The frequency of occurrence of CCGAC and CATGTG compared to the control sequences among four plant species. The highest
frequency of the CCGAC and CATGTG suggests that these are biologically significant. (4 higher resolution / colour version of this figure is

available in the electronic copy of the article).
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Fig. (2). The spacer analysis and the occurrence of CCGAC _CCGAC, CATGTG_CATGTG separated by varying spacer distance compared
to the different control sequences in all the four plant genomes. It shows that the occurrence of CCGAC_CCGAC and CATGTG_CATGTG
separated by varying spacer distance has a much larger frequency in comparison to the different control sequences. (4 higher resolution /
colour version of this figure is available in the electronic copy of the article).
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deviation of Arabidopsis thaliana frequency pattern from
the rest of the genomes (Fig. 3). Following this, a box and
whisker plot was made to get a better understanding of the
varying frequency of occurrence (Fig. 4).

Comparison with controls and combinations of DRE and
CATGTG with ACGT gives little inference that the ACGT
repeat motif has the highest frequency among the four possi-
ble combinations. The student t-test was applied for identify-
ing the statistical significance (p<0.001, t=4.152). Potential
common peaks were identified at N = 1,6 for CATGT-
G_ACGT in monocots. No common peaks were found for di-
cots. Similarly, potential common peaks identified for
ACGT_CATGTG include N=1, 3, 5, 7 in monocots and
N=1 for dicots. A high degree of overlapping was seen for
ACGT_CATGTG in monocots for N =0 to 2. CCGAC was
comparably preferable among the four species, with wheat
having the highest frequency of CCGAC. CAGCC control
was especially afvoured in terms of spacer frequency across
the four species (Fig. 5). Consensus sequence analysis
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shows conserved terminal and initial positions within a spac-
er sequence and it was found that G is more prevalent in Ara-
bidopsis thaliana and wheat at the first position after the mo-
tif in the spacer. There was limited prevalence for other re-
gions in the spacers for all of the four species (Fig. 6). While
in the case of CATGTG_CATGTG, there is no specific pref-
erence for any base at the starting and terminal position the
case of. However, it was seen that G was the preferred base
in the first position when ACGT was the first motif. Similar-
ly, C was the preferred base at the terminal position when
ACGT was the second motif. The consensus sequences for
CATGTG_CATGTG and CATGTG with ACGT have more
than one conserved sequence compared to that of
ACGT_ACGT spacer 24 which was the only sequence
conserved (Fig. 6). Functional analysis on stress-regulated
genes for saline, osmotic, and heat stress clearly shows that
CCGAC motif frequency with inter motif distance (0-30) in
the promoter region of Arabidopsis is highest in genes that
are upregulated by osmotic stress and downregulated by
heat stress.
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Fig. (3). (a) Spacer frequency comparison of CCGAC_CCGAC in monocots and dicots. CCGAC_CCGAC, spacer frequency data shows
common dips and peaks across the four plant genomes, particularly at the motif length 1 except Arabidopsis thaliana. (b) Spacer frequency
comparison of CATGTG_CATGTG in monocots and dicots. In the case of CATGTG_CATGTG, potential common peaks were identified at
N=9,27 in dicots and N=2,11 in monocots, high degree of overlapping/ correlation was found in the case of monocots for N = § to 12. (At:
Arabidopsis thaliana; Gm: Glycine max; Ta: Triticum aestivum; Os: Oryza sativa). * p< 0.05; ** p<0.001. (4 higher resolution / colour ver-

sion of this figure is available in the electronic copy of the article).
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CATGTG among four plant genomes. (At: Arabidopsis thaliana; Gm: Glycine max; Ta: Triticum aestivum; Os: Oryza sativa). (A higher reso-
lution / colour version of this figure is available in the electronic copy of the article).
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Fig. (5). Comparison with controls and combinations of CCGAC and CATGTG with ACGT among four plant genomes. It shows that the
ACGT repeat motif has the highest frequency among the four possible combinations. Potential common peaks were identified at N = 1,6 for
CATGTG_ACGT in monocots. No common peaks were found for dicots. Similarly, potential common peaks identified for ACGT_CAT-
GTG include N=1, 3, 5, 7 in monocots and N=1 for dicots. A high degree of overlapping was seen for ACGT_CATGTG in monocots for N =
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(In Arabidopsis thaliana) CATGTG_CATGTG (In Arabidopsis thaliana). (A higher resolution / colour version of this figure is available in
the electronic copy of the article).



In Silico Analysis of CCGAC and CATGTG Cis-regulatory

SPACER LENGT™ CONSENSUS SPACER SEQUENCE (Posmon wise)
1 N
/ GC
3 ANC
4 TGAC
5 TCTTT
6 CAAGAG
7 ANAAGAN
8 AAAAATGT
9 NCCTTGNGN
18 TGCATACNTG
11 ANTCTANCCNA
12 NATNNNNGNANG
13 TGTGNTANAGNNN
14 CTTGTACAAATTTG
15 GGTAGGCCCNTTANG
16 GANGCTNTTTAGGTCA
17 ATNCTGTTGGATGGCN
18 NATGTTTGNGTTTGAANG
19 GGTGCGGCAGNNGNCNANG
20 CNNNACCNCNCATGNNGNAA
21 GTGNCCGTNTGNT TNCGNGNT
22 NGNNCGNGCGNNANCNNGGTGC
23 TTATCGCTGTGTGAGCATGGGAT
24 NGGCNGNCNNANATAAGTNNGTGN
25 NTNGATGNGCNNANNGAGAAGACNN
26 TGCTTGCTTTTTTCTCTCCCAGGTTT
27 NGTTNGTNGATGNCTNTNCTNGGTGTHN
28 ANNNCCTTTNCNGNNCCACCCCGGGACC
29 TAGNTCGTTTCTATCTCTTTNCAACNCNG
3e TGCATNGAGGATNCTCTNNNGNGNNNAGTC
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SPACER LENGTH CONSENSUS SPACER SEQUENCE (POoshion wise)
1 - AT CCGAC WG CSA
2 cc
3 GCC
4 TGCT
5 CGTTG
6 CCGGTT
7 GGCCCCT
8 GGCGGTGG
9 GGGGGGNGG
10 GAGAGCTCCA
11 GGTTGGCCCGE
12 CGTGGGCCCGGE
13 CCGGTTCCGACCC
14 GGGGTTTGCCCCGE
15 GGGCTCCGGCCCTGG
16 GGGGCCCCGGCCCGAN
17 GGCGGCGGCCCCGCGGE
18 GCGCGCGGGGGCGGGGGEE
19 GANAGCTCAAGCGAGTCCT
20 GGTGGCGCCCCGGTCGGGGT
21 GGTGNTGGCCCCGGTGGGGGT
22 GAGCGCCCCACCGGCGCCGGET
23 GAGCGCCCCCCCCGNCGCCGGCT
24 GAGACCGCCCGGGCCGCCCCCGGA
25 GCGNCNCCCCGCTCGCGCGCGGGGN
26 GCGTCCCGCGCCCCCGCCCCGGGGGE
27 NAGGTTTGTAGNGGCGGNCGGGGGTGG
28 AAGGTTTCTACTGGGCGGCCGGCGGTGE
29 GGGCGCCGTTCCCGACGCGGT TGCGACGC
30 GGGCGGGC TCGGCGGGCGGGGTGGCGCCCG

Fig. (6). Consensus sequence analysis of CCGAC_CCGAC and CATGTG_CATGTG in Arabidopsis thaliana. It shows conserved terminal
and initial positions within a spacer sequence and it was found that G is more prevalent in Arabidopsis thaliana the first position after the mo-
tif in the spacer. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

Microarray data that were analyzed showed that the mo-
tif CATGTG plays a crucial role in gene up/downregulation
in response to different stress conditions. From the data ob-
tained, it was seen that the frequency of CATGTG_CAT-
GTG is more in the case of genes down-regulated by heat,
upregulated by saline and osmotic stress. Comparing the re-
sults for different stresses shows that CATGTG along with
ACGT plays a major role in genes upregulated by heat. And
among the downregulated genes, it was seen that the CAT-
GTG_CATGTG does not follow the same trend as its
ACGT combinations (Fig. 7). CCGAC repeat and combina-
tions with ACGT are regulated by osmotic and heat stress
which was evident after analyzing the spacer frequencies in
the genes upregulated and downregulated by heat, salinity,
and osmotic stresses in the Arabidopsis promoter region. It
was found the DRE plays an important role in the upregula-
tion of osmotic stress-inducible genes and downregulation
of heat stress-inducible genes. Further, the functional analy-
sis also showed that DRE in combination with ACGT plays
a major role in the down-regulation of heat-inducible genes
and upregulation of osmotic stress-inducible genes (Fig. 7).

The minimal promoter sequence along with the spacer se-
quence was analyzed for the transcription factor binding site
using the JASPAR database. It was seen that by adding the
spacer sequence before the MPS, the no. of putative sites pre-
dicted increased. Increasing the spacing between the motifs
seemed to increase the number of transcription factor bind-
ing sites in most of the cases. Tandemly repeating CCGAC
and CATGTG motif had the maximum number of transcrip-

tion sites binding to them. MPS alone has 27 transcription
factor binding sites. Adding the CCGAC and CATGTG mo-
tif, the putative sites increase to 28 and 29, respectively. In-
creasing the copy number of the motif i.e., repeating it tan-
demly twice or thrice shows a higher number of binding
sites (36 and 42 respectively in case of CCGAC) (40 and 49
respectively in case of CATGTG). CATGTG motif itself is
a binding site to the MYC transcription factor. The result
was further confirmed using CONSITE.

4. DISCUSSION

The main factors affecting gene expression and regula-
tion include the interaction of transcription factors and the
cis-elements. NAC and DREB/CBEF transcription factors are
part of the largest families of transcription regulators in
plants. They play a major role in abiotic stress response [18,
32]. TaNAC29 a transcription factor from wheat has been
shown to enhance salt and drought tolerance in Arabidopsis
thaliana [33]. In all the cases with involvement to NAC tran-
scription factor, it was seen that the protein involved bound
to the MYC recognition sequence CATGTG [19]. So we
started by analyzing the spacer sequences for this particular
motif. DRE is involved in ABA independent regulatory path-
way and involves regulating gene expression under abiotic
stress.

For the analysis, we considered four control sequences
(ACGCC, CAGCC, AGCCC, and CCGCA) for CCGAC
and (GTAGCT, AGGCTT, GGTCTA, and TAGCTG) for
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Fig. (7). Functional role of CATGTG and CCGAC under stress conditions in four plant genomes. It shows that these motifs play a crucial
role in gene up/downregulation in response to different stress conditions. (4 higher resolution / colour version of this figure is available in

the electronic copy of the article).

CATGTG. PLANT CARE database was used to ensure that
none of the control sequences chosen were cis-elements
[22]. It was seen that the individual frequency across the
genome was maximum in the case of CCGAC and CAT-
GTG suggesting their biological significance. The overall
spacer frequency for CCGAC_CCGAC and CATGTG_CAT-
GTG was the maximum compared to the control sequences.
In the case of CCGAC_CCGAC, common peaks were found
in monocots for N= 1-10 and dicots at N=1. Arabidopsis
was observed showing deviation in the spacer frequency pat-
tern among four species. In the case of CATGTG _CATGTG
common peaks were found in dicots for N=9, 27 and mono-
cots for N=2,11. A high degree of overlapping/ correlation
was found in the case of monocots for N = 8 to 12 suggest-
ing it to be the local region of conservation. The result was
found statistically significant using a student t-test.

The spacer frequency observed for our motif in combina-
tion with ACGT had a higher frequency than CCGAC_CC-
GAC and CATGTG_CATGTG. This is probably because of
the involvement of the ACGT element in various stress re-
sponses [3]. Potential common peaks were identified at N =

1,6 for CATGTG_ACGT in monocots. No common peaks
were found for dicots. Similarly, potential common peaks
identified for ACGT_CATGTG include N=1, 3, 5, 7 in
monocots and N=1 for dicots. A high degree of overlapping
was seen for ACGT_CATGTG in monocots for N =0 to 2,
suggesting it to be the local region of conservation.

The consensus sequence showed a clear preference for G
at the first position with ACGT as the first motif and C at
the terminal position with ACGT as the second motif. The
CACGTG motif also recognized as G-box has known to en-
hance the Transcription factor binding to ACGT elements
[34].

The microarray data analyzed show that the presence of
CCGAC and CATGTG motifs in various genes up-regulated
and down-regulated by various stresses suggesting the in-
volvement of these motifs in the respective response path-
ways. It was seen that the motifs are mainly involved with
genes down-regulated by heat, up-regulated by saline and os-
motic stress. However, to the contrary, it was seen that the
frequency of occurrence of our motif in combination with
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ACGT was the maximum in the case of genes up-regulated
by heat. This result is quite peculiar when we look at the
gene regulation/expression affected by heat alone. In the
case of genes down-regulated by various stress factors, it
was seen the ACGT combinations do not follow a similar
trend as the CATGTG_CATGTG itself. The ACGT combi-
nations violate the trend in the case of salt stress. This im-
plies that ACGT is closely involved with CATGTG when it
comes to gene expression regulated by salt stress. Statistical
analysis through box and whiskers plot gives a clear image
of the pattern of spacer outliers. It can be seen that inter mo-
tif distance one frequency is an outlier in the median box re-
gion across the five species. Common peaks at one (CC-
GAC N CCGAC and CATGTG N CATGTG) motif
might have been conserved while evolution and plays an im-
portant role in heat, drought, and cold response.

CONCLUSION

DRE (Drought response element) and CATGTG are im-
portant cis-elements that play an important role in the regula-
tion of cold, heat, and osmotic stress-inducible genes as a
favourable transcription across four genomes. Spacer fre-
quency analysis showed the correlation among the four spe-
cies at a spacer length of one. Spacer sequence analysis
showed that G was prevalent base pair in wheat and Arabi-
dopsis in the first position after the start motif. It is also evi-
dent that ACGT plays an important role in combination with
CCGAC and CATGTG in stress regulation. Functionally an-
alyzing the Arabidopsis promoter makes it evident that CC-
GAC and CATGTG are involved in the downregulation of
heat-inducible genes and upregulation of osmotic stress regu-
lation genes. CATGTG cis-elements in their promoter re-
gion, implying their significant role in the respective path-
ways. Increased numbers of transcription factor binding
sites with tandem CCGAC and CATGTG repeats show a
preference/evolution of larger size motifs in Arabidopsis
thaliana [35]. Our laboratory is interested in designer pro-
moters and the results obtained from the present study have
great application in such studies. In conclusion, from this
study, more insight was covered through the analysis of
genomes of four species, about the patterns and evolution of
CCGAC and CATGTG cis-elements.
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