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ABSTRACT 

The critical roles of cis-regulatory elements (cREs) in the regulation of gene expression in 

response to environmental stress were reported in previous studies. Although transcription 

factor families to regulate gene expression in plants are well documented, there is a limited 

number of cREs related to salinity and drought tolerance in rice to be identified. Therefore, 

in this study, a comparative analysis and characterization of cREs associated with specific 

drought and salinity tolerance genes of rice, namely OsNHX1, OsNHX5, OsHKT1;1, 

OsHKT2;1, and OsSOS1, was performed using the PLACE and PlantPAN 3.0 databases, 

along with in silico methods. Several cis-elements within the core promoter region, 

including TATA-box, CAAT-box, G-box, DPE, and Y-Patch were identified. Additionally, 

eight other cis elements: ABRE, MYBRS, MYCRS, NAC-binding site, ACGTATERD1, 

GT1GMSCAM4, W-box, and DRE, were discovered and suggested to be potentially 

involved in drought and salinity tolerance in rice.  Comparative analysis revealed that 

OsNHX1 and OsHKT1;1 exhibit a higher abundance of cREs compared to the other genes 

studied. The presence of an increased number of cREs suggests a more complex regulatory 

network, potentially enhancing the ability of these genes to cope with environmental 

stressors and fine-tune their responses to changing conditions. Furthermore, understanding 

the distribution and diversity of cREs across different genes can offer practical implications 

for genetic engineering and crop improvement strategies. Genes with desirable regulatory 

profiles, especially those associated with specific stress tolerances, may be prime candidates 

for genetic manipulation. 
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INTRODUCTION 

Rice is an important food source, providing 

energy and nutrition to billions of people 

globally. However, its growth, yield, and 

quality are often negatively affected by 

abiotic stresses (Nguyen, Ferrero, 2006), 

especially drought and salinity. Drought and 

salt cause a variety of problems for rice 

plants (Liu et al., 2022), for example, 

homeostasis imbalance, ionic toxicity, 

disruption of photosynthesis, generation of 

reactive oxygen species (ROS), altered 

hormonal balance, reduced transport and 

uptake of nutrients.  

Salt tolerance in plants is mediated by a 

variety of factors, pathways, and molecules. 

This mechanism requires precise 

coordination of numerous signaling 

molecules, such as modifying, adapter, and 

scaffold proteins. Small chemicals like 

calcium, glycine, betaine, proline, ROS, 

ABA, and ion pumps (such as antiporters, 

proton pumps, and ATP-dependent ion 

pumps) also play a role in the ability of 

plants to tolerate salt stress. Among them, 

several classes of transporters have been 

identified as key players in maintaining ion 

homeostasis and conferring salinity 

tolerance in plants (Yamaguchi et al., 2013; 

Miyoshi et al., 2010; Hauser, Horie, 2010; 

Apse, Blumwald, 2007), including HKT, 

NHX, and SOS1 transporters. These Na+ 

transporters are involved in various 

processes that help to alleviate sodium stress 

and maintain ion homeostasis. 

HKT-type transporters are involved in 

regulating Na+ circulation within plants. 

They facilitate the controlled transport of 

Na+ ions from the roots to the shoots, 

allowing the redistribution of Na+ ions and 

minimizing their accumulation in sensitive 

tissues (Garciadeblas et al., 2003). Another 

important function is to regulate the balance 

of Na+ and K+ in the cytosol under salinity 

stress, which helps to prevent their 

accumulation in the cytoplasm and sensitive 

organelles. When Na+ ions accumulate at a 

high concentration, they reduce the water 

absorption capacity of roots, leading to a 

drought-like condition. Thus, it is believed 

that the HKT family plays a crucial role in 

protecting rice plants against both drought 

and salinity stress (Shaban et al., 2023). 

Five NHX homologs (OsNHX1 to 

OsNHX5) have been discovered in rice, and 

they play important roles in salt stress 

tolerance by controlling Na+ 

compartmentalization and maintaining 

cellular ion homeostasis. These homologs 

exhibit elevated expression levels under 

salinity, osmotic stress, and abscisic acid 

(ABA) treatment, as reported by Fukuda et 

al. (2011). Examination of their exon-intron 

structure and phylogenetic analysis of the 

encoded proteins reveal two distinct 

subgroups. The first group, comprising 

proteins OsNHX1 to OsNHX4, is primarily 

found in the vacuolar membrane and serves 

to sequester excess Na+ into the vacuole, 

thereby removing it from the cytoplasm. In 

contrast, OsNHX5 is restricted to the Golgi 

apparatus, where it regulates endomembrane 

pH homeostasis, which is required for 

protein trafficking (e.g., proglutelins) and 

potentially other ion transport mechanisms 

(Farooq et al., 2021; Zhu et al., 2019). 

Another antiporter gene, SOS1, which is 

involved in the transport of ions through the 

plasma membrane, was found in 

Arabidopsis. The expression of SOS1 is 

regulated by the SOS2/SOS3 pathway and 

was found in epidermal cells at the tips of 

roots and in parenchyma cells at the 

boundary between the xylem and symplast 

in roots, stems, and leaves (Shi et al., 2002). 
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In rice, the homolog of AtSOS1 was 

discovered and named OsSOS1 (Martínez-

Atienza et al., 2007; Shi et al., 2000). Studies 

conducted on OsSOS1 have provided 

valuable insights into its function and 

regulation in response to drought and 

salinity stresses. 

Some transcription factors (TFs), including 

Bzip (Yang et al., 2009), AP2/ERF (Mie et 

al., 1999), WRKY (Jiang, Deyholos, 2009), 

NAC (Tran et al., 2004), bHLH (Jiang et al., 

2009), and MYB (Cui et al., 2013), are 

essential regulators in connecting drought 

and salt sensory pathways to plant tolerance 

responses. The promoter region of 

transporter genes, including NHX, SOS, and 

HKT gene families, harbors these 

transcription factors, which significantly 

contribute to plant development and salt and 

drought stress responses through ABA-

mediated pathways (Basu and 

Roychoudhury, 2014; Liang et al., 2023). 

Despite extensive studies on the transporter 

genes of rice under drought and salinity 

conditions, many aspects still require further 

exploration and research. In this study, the 

cis-elements of promoter regions of 5 genes 

(OsNHX1, OsNHX5, OsHKT1;1, OsHKT2;1 

and OsSOS1) are in silico compared and 

analyzed. Candidate genes involved in stress 

tolerance and adaptation could be prioritized 

by examining the abundance of stress-

related motifs. The comparison of motif 

sequences in genes related to drought and 

salt stress would enhance our understanding 

of the regulatory mechanisms and molecular 

pathways underlying plant responses to 

these environmental challenges, as well as 

provide insights into the evolutionary 

conservation and divergence of stress-

responsive genes. 

MATERIALS AND METHODS 

Data source 

In this study, we obtained the sequences, 

chromosomal location, length (bp), exon 

number, and general protein information of 

five transporter genes, OsNHX1, OsNHX5, 

OsHKT1;1, OsHKT2;1, and OsSOS1, from 

the genome of the Nipponbare cultivar, 

which is available in the Phytozome v13 

database (https://phytozome-

next.jgi.doe.gov/). After identifying the 5' 

untranslated regions (5'UTR) of each gene, a 

1.5 kb sequence located before the ATG 

codon was extracted for research. 

Transcription starts site and promoter 

region identification  

The transcription start site (TSS) and 

promoter region of each gene were 

determined using two promoter predictors: 

the Neural Network Promoter Prediction 

(NNPP) version 2.2 (https://www.fruitfly 

.org/seq_tools/promoter.html) and TSSPlant 

(http://www.softberry.com/berry.phtml?topi

c=tssplant&group=programs&subgroup=pr

omoter). 

The NNPP tool is a computational method 

that uses neural network algorithms to 

predict the location of the promoter region in 

a DNA sequence and the minimum promoter 

score (between 0 and 1) (Reese, 2001). A 

section of DNA sequence spanning 1.5 

kilobases (kb) upstream of ATG was exacted 

from each gene sequence, then subjected to 

analysis using the NNPP program. 

According to Kuwano et al. (2011), the 

promoter region of a gene in rice is typically 

located upstream of the transcription start 

site (TSS) and extends approximately 1.5 kb 

before the start codon. Before running, a 

default cut-off value of 0.8 was applied for 

https://doi.org/10.15625/vjbt-xxxxx
https://www.fruitfly.org/seq_tools/promoter.html
https://www.fruitfly.org/seq_tools/promoter.html
http://www.softberry.com/berry.%20phtml?topic=tssplant&group=programs&subgroup=promoter
http://www.softberry.com/berry.%20phtml?topic=tssplant&group=programs&subgroup=promoter
http://www.softberry.com/berry.%20phtml?topic=tssplant&group=programs&subgroup=promoter
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eukaryotes. A cut-off value of 0.8 means that 

any predicted promoter region with a 

predictive score equal to or higher than 0.8 

is considered a potential promoter. The 

program scanned the sequences and 

displayed the transcription start site 

prominently. In cases where multiple 

transcription start site regions were 

identified within a sequence, the site with the 

highest prediction score was considered the 

most reliable and accurate. 

TSSPlant, a recently developed promoter 

prediction tool, can significantly improve 

accuracy by taking DNA sequences as input 

and analyzing them to identify potential 

promoter regions. It considers various 

sequence motifs, nucleotide compositions, 

and other characteristics associated with 

plant Pol II promoters (Shahmuradov et al., 

2017). The upstream sequences of the start 

codon (1.5 kb) from the studied genes were 

also submitted to the TSSPlant program. A 

range of sequence-based features, including 

promoter motifs, nucleotide composition, 

and structural characteristics of the DNA 

sequence, which are closely associated with 

transcriptional initiation and promoter 

regions, were examined. Then, the potential 

TSS within the provided sequences was 

predicted based on the TSS score, which 

refers to the confidence score or probability. 

Typically, a higher TSS score indicates a 

more confident prediction, as well as a 

higher probability of accuracy for a 

predicted TSS. 

Determination of motifs in transporter 

gene promoter regions 

Based on a 1.5-kb sequence region upstream 

of each gene (in FASTA format), the cis-

regulatory elements in the promoter regions 

of five transporter genes were analyzed 

using the New PLACE database 

(https://www.dna.affrc.go.jp/PLACE/?actio

n=newplace). Consensus sequences of cREs 

were checked using PlantPAN 3.0 

(http://plantpan.itps.ncku.edu.tw/plantpan3/

index.html). 

Cis-elements across the promoter sequences 

were then compared to obtain common 

motifs shared among the genes and 

consensus or similar sequences in the motif 

patterns. Subsequently, the functional 

significance of the identified cREs related to 

drought and salt tolerance was investigated. 

Available information on TFs binding to 

these motifs and their roles in gene 

regulation was searched based on literature 

or databases. 

RESULTS AND DISCUSSION 

Sequence retrieval 

Gene sequences of 2 members of the 

OsNHX gene family (OsNHX1 and 

OsNHX5), 2 members of the OsHKT gene 

family (OsHKT1;1 and OsHKT2;1), and 1 

member of the OsSOS gene family 

(OsSOS1) were retrieved from the 

Phytozome database. The characteristics of 

each transporter gene sequence, including 

gene name, transcript ID, genome size (bp), 

number of exons, and type of ion transporter, 

are shown in Table 1. The transporter gene 

sequences obtained exhibit different 

nucleotide lengths, ranging from 2286 to 

14451 bp. They all have coding sequences 

interrupted by introns, and the number of 

exons varies from three to twenty-three. 

 

https://www.dna.affrc.go.jp/PLACE/?action=newplace
https://www.dna.affrc.go.jp/PLACE/?action=newplace
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Table 1. Characteristics of identified transporter genes. 

Gene 
name 

Transcript ID 

(from Phytozome) 

Number of 
exons 

Genome size 
(bp) 

Type of ion 
transporter 

OsNHX1 LOC_Os07g47100.2 14 4924 Na+/H+ antiporter 

OsNHX5 LOC_Os09g11450.1 22 10377 Na+/H+ antiporter 

OsHKT1;1 LOC_Os04g51820.2 3 2841 Na+/K+ symporter 

OsHKT2;1 LOC_Os06g48810.1 3 2286 Na+/K+ symporter 

OsSOS1 LOC_Os12g44360.2 23 14451 Na+/H+ antiporter 

Determination of transcription start sites 

and promoter regions 

The precise location of transcription start 

sites (TSSs) and the promoter region within 

a gene is essential for mapping cis-

regulatory elements and investigating gene 

regulation mechanisms (Wang et al., 2007). 

In this study, TSSs were identified from 1.5 

kb upstream of the start codon of each 

targeted gene sequence using the NNPP 

version 2.2 tool (standard predictive score = 

0.8), and the TSSPlant tool. The analysis in 

Table 2 reveals the relative positions of all 

TSSs and a significant variation in the 

number of transcriptions start sites 

depending on the method used. 

Table 2. Potential TSSs obtained by NNPP and TSSPlant analysis. 

Promoter 

NNPP version 2.2 tool TSSPlant tool 

Number 
of TSS 

Distance 
between TSS 
and ATG 
(Predictive 
score*) 

Distance 
between 
TATA-Box 
and ATG 
(Score) 

Number 
of TSS 

Distance 
from the 
start codon 

(TSS score) 

Distance 
between 
TATA-Box 
and ATG 
(Score) 

OsNHX1 4 

-1122 (0.99) 
Not 
predicted 

3 

-1267 (1.87) absent 

-789 (0.89) 
Not 
predicted 

-728 (1.99) absent 

-373 (1.00) 
Not 
predicted 

-322 (1.98) -352 (5.09) 

-321 (0.94) 
Not 
predicted 

  

OsNHX5 4 -1090 (1.00) 
Not 
predicted 

3 -1080 (1.83) -1121 (7.78) 

https://doi.org/10.15625/vjbt-xxxxx
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-503 (0.90) 
Not 
predicted 

-489 (1.87) absent 

-406 (0.89) 
Not 
predicted 

-182 (2.00) absent 

-205 (0.99) 
Not 
predicted 

  

OsHKT1;1 

 

 

 

2 

-1288 (0.83) 
Not 
predicted 

3 

-1251 (2.00) absent 

-539 (0.92) 
Not 
predicted 

-535 (1.76) -568 (7.96) 

  -179 (1.99) -212 (5.94) 

OsHKT2;1 
2 

 

-503 (0.93) 
Not 
predicted 

2 

-382 (1.98) absent 

-56 (0.95) 
Not 
predicted 

-53 (1.98) -87 (8.19) 

OsSOS1 3 

-607 (0.99) 
Not 
predicted 

4 

-1193 (1.87) absent 

-309 (0.91) 
Not 
predicted 

-885 (2.00) absent 

-171 (0.92) 
Not 
predicted 

-521 (1.97) -554 (4.42) 

  -168 (1.97) -202 (6.90) 

*: Prediction score and TSS score are different, they are calculated from two different tools (NNPP and TSSPlant) 
and cannot be compared with each other. 

 

The TSS score in the TSSPlant tool and the 

predictive score in the NNPP version 2.2 

tool are valuable indicators to evaluate the 

likelihood of a position in a gene being a 

transcription start site (TSS). Although they 

are specific to their respective tools and may 

have different calculation methods and 

interpretations.  

For TSS prediction of the OsNHX1 gene, the 

two least different results obtained from the 

NNPP and TSSPlant tools are at the 

positions -321 and -322, respectively. Both 

results received high accuracy prediction 

scores compared with others, 0.94 (in 

NNPP) and 1.98 (in TSSPlant). Moreover, 

the TSSPlant tool predicts the location of the 

TATA box of OsNHX1  

(-352) with a score of 5.09. 

In terms of the OsNHX5 gene, the two least 

different results obtained from the NNPP 

and TSSPlant tools are at positions -205 and 

-182, respectively. They also received high 

accuracy prediction scores compared with 

others: 0.99 (in NNPP) and 2.00 (in 

TSSPlant). The TATA box was not 

predicted by TSSPlant. However, the TATA 

box position, TSS sequence, and some 

important cis-elements of the OsNHX genes 

could be obtained from the results of Fukuda 

et al. (2011). According to the author, the 
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TSS sequence positions of the OsNHX1 and 

OsNHX5 genes are -313 and -150, 

respectively, relative to the ATG position. 

This prediction is similar to our results. 

In predicting the TSS of the OsHKT1;1 gene, 

we obtained positions of -539 using NNPP 

and -535 using TSSPlant programs, with 

corresponding accuracy scores of 0.92 and 

1.76, respectively. The prediction score of 

1.76 in TSSPlant is not higher than other 

prediction scores we get from TSSPlant. 

However, the TATA box positioned 

reasonably at -568 with a high score of 7.96.  

In the case of the OsHKT 2;1 gene, the least 

different results obtained from the NNPP 

and TSSPlant tools were the positions at -56 

and -53, respectively, with the higher 

prediction accuracy scores compared with 

others being 0.95 (in the NNPP) and 1.98 (in 

the TSSPlant). The position of the TATA 

box is predicted by the TSSPlant at -87 with 

a score of 8.19. 

The closely related results from the NNPP 

and TSSPlant tools were also received for 

TSS prediction of the OsSOS1 gene at 

positions -171 and -168, respectively, with 

relatively higher prediction accuracy scores 

compared with others -0.92 (in NNPP) and 

1.97 (in TSSPlant). Furthermore, the TATA 

box is in a reasonable position at -202 and 

has a high score (6.90). 

The ATG codon serves as the initiation site 

for translation, and the region between the 

TSS and the ATG is known as the 5' 

untranslated region (5' UTR). In eukaryotic 

genomes, the typical distance between the 

TSS and the ATG codon ranges from around 

500 to 1500 nucleotides (de Medeiros 

Oliveira et al., 2021). However, this distance 

could be shorter or longer, depending on 

specific genes. Alternative splicing and 

TSSs can further contribute to the variable 

distance between the TSS and the ATG 

codon. 

When testing long sequences of intergenic 

regions in plant genomes, Shahmuradov et al. 

(2017) evaluated and compared the 

TSSPlant with other tools, including NNPP 

version 2.2, Proscan, and EP3. Among 

promoters within 1100-base pair regions of 

55 plant protein-coding genes, which had 

experimentally confirmed transcription start 

sites (TSS) positioned at 1001 base pairs 

(PlantProm DB database), TSSPlant 

demonstrated the highest accuracy among 

tested programs (Sensitivity (Sn) = 72%, a 

harmonic mean of precision and accuracy 

(F1) = 47%), followed by TSSP (Sn = 63.6%, 

F1 = 41.2%), NNPP (Sn = 51%, F1 = 31%), 

EP3 (Sn = 20%, F1 = 31%) and Proscan (Sn 

= 9%, F1 = 15%) (Shahmuradov et al., 2017). 

Therefore, the promoter region prediction of 

TSSPlant is highly appreciated compared to 

NNPP.  

Thus, the potential TSS positions selected 

for the five genes OsNHX1, OsNHX5, 

OsHKT1;1, OsHKT2;1 and OsSOS1 are -

322, -182, -535, -53, and -168, respectively. 

Motifs in the promoter regions of genes 

encoding transporters 

The promoter core elements (including 

TATA-box, G-box, and CAAT-box) play a 

crucial role in gene transcription regulation.  

Informative analysis of cREs in the promoter 

regions of the five studied genes revealed the 

presence of numerous factors involved in 

gene regulation. Under analysis by the 

NewPLACE tool and PlantPAN 3.0, 

OsNHX1, OsNHX5, OsHKT1;1, OsHKT2;1 

and OsSOS1 promoters gained 92, 78, 95, 97, 

and 83 types of cREs, respectively. However, 

in this study, only core promoter elements 

relating to salt and drought tolerances, such 

https://doi.org/10.15625/vjbt-xxxxx


Bui Thi Hai Hoa et al. 

296 

as ABRE, GT1GMSCAM4, MYBRS, 

MYCRS, NAC-binding site, W-box, and 

DRE, are considered.  

Table 3 presents the most analyzed cREs, 

with the exception of DPE, in the OsNHX1 

promoter. Meanwhile, the remaining genes 

lack more than one type of cRE. This 

suggests that OsNHX1 may have a more 

diverse and complex expression mechanism 

than the other genes. 

Table 3. Position of cREs in the promoter region relates to the TSS of the genes (NewPLACE & 
PlantPAN 3.0 source). 

Gene name 

CRE  
name 

OsNHX1 OsNHX5 OsHKT1;1 OsHKT2;1 OsSOS1 

Core region 

TATABOX 

(TBP binding 
site) 

-31, -30(-) 

TTTATATA, 

TATATAA 

Absent -34, -35(-) 

TATAAAA, 

TTTATA 

-32(-), -35 

TTATTT, 

TATAAAT 

-35 

TATAAAT, 

CAATBOX -156(-), -156(-), -
159, -63(-) 

CAAT, CCAAT, 
CAAAT 

-157 

CAAT 

 

-121(-), -109, 
-110 

CAAT, 
CCAAT 

-144(-), -108, 
-103(-), -57, -
45(-), -109, -
58, -150 

CAAT, 
CCAAT, 
CAAAT 

-109(-), -
95(-) 

CAAT, 
CAAAT 

DPE 

 

Absent +28 

AGTCC 

Absent Absent Absent 

G-box 

(recognized by 
bZIP) 

 

-70(-), -70, -339, -
339(-), -71(-),-
72,-72(-) 

CACGTG, 
CACGTGG, 

CACGTGGC, 
MCACGTGGC 

Absent Absent Absent Absent 

Y-Patch -43 

CCTCCCTC 

 

-30 

TTCTCC 

-45(-) 

TTCTCTCT 

-52, +15 

CTCCTCC, 
CTTTCTC 

-28(-), -
50(-) 

CCTCTC, 
CTTTTC 

Salinity, drought stress 

ABRE 

(ABA-
responsive 
element) 

-69, -70(-), -338, -
339(-), -1210, -
1211(-), -1489, -
70, -71 (-), -339, -
1211, -1212(-),-

Absent -574, -298, -
443(-), -575 

ACGTG, 
MACGYGB 

 

-1489, -1490 

ACGTG, 
MACGYGB 

 

 

Absent 
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72(-),-72(-),-72, -
73(-),-72(-),-72(-) 

ACGTG, 
MACGYGB, 
YACGTGGC, 
ACGTGKC, 

ACGTGGC, 
RYACGTGGYR, 

CACGTGGC, 
MCACGTGGC 

 

 

 

MYBRS 

(MBS) 

 

 

-99, -163(-), -
207(-),-265, -366, 
-1064, -648, -
1289(-), -1312, -
648(-), -1289, -
1289 

MACCWAMC, 
GGATA, 

WAACCA, 
CNGTTR, 

YAACKG, 
TAACTG 

-166(-), -
718(-), -
1118(-), -
274, -277(-), 
-719, -
1403(-), -
277, -277, -
479, -502(-), 
-878(-),-
565(-), -932, 
-1330(-) 

CCWACC, 
CNGTTR, 

YAACKG, 
TAACTG, 

GGATA, 
WAACCA 

 

-90(-), -1079, 
-117(-), -129, 
-413, -981, -
303, -1091, -
1268(-), -
504(-), -504, -
413, -129(-), -
504, -413(-) 

GGATA, 
AACGG, 

CNGTTR, 
WAACCA, 

CNGTTR, 
TAACTG, 

YAACKG 

 

-154, -381, -
1012(-), -
1328, -381(-), 
-381(-), -
521(-), -
521(-), -
544(-), -
1228(-), -
1476(-), -
1025(-), -
1087(-), -
1315(-) 

WAACCA, 
CNGTTR, 

YAACKG, 
TAACTG, 

TAACAAA, 
TAACARA, 

GGATA, 
CCWACC,  

ACGG 

-77, -
1436(-), -
296(-), -
394, -
394(-), -
394(-), -
1436 

GGATA, 
CNGTTR, 

AACGG, 
YAACKG, 

TATCCAT 

 

MYCRS 

(bHLH 

family binding 
site) 

-70, -70(-), -
172, -172(-), -
339, -339(-), -
387, -387(-), -
616, -616(-), -
648, -648(-), -
671, -671(-), -
1211, -1211(-), 
-387, -616, -
671(-), -387(-), 
-616(-), -671, -
542, -566 

CANNTG, 
CACATG, 

CATGTG, 
AAATATTC, 

AAATATACT 

-21, -21(-), -
473, -532, -
532(-), -738, 
-738(-), -904, 
-904(-), -
1031, -
1031(-), -
1303, -
1030(-), -
473, -738, -
738(-), -
473(-) 

CANNTG, 
CACATG, 

CATGTG 

-103, -103(-), 
-129, -129(-), 
-265(-), -370, 
-370(-), -388, 
-388(-), -606, 
-606(-), -722, 
-722(-), -811, 
-811(-), -
1084, -
1084(-), -265, 
-772, -811(-), 
-265(-), -
722(-), -811, 
+261, +460 

CANNTG, 
CACATG, 

-189, -189(-), 
-510, -510(-), 
-863, -863(-), 
-888, -888(-), 
-1009, -
1009(-), -
1412, -
1412(-), -344, 
-477 

CANNTG, 
AAATATTCC, 

AAAGATGC 

 

-163, -
163(-), -178, 
-178(-), -
254, -254(-), 
-310, -
310(-), -
1167, -
1167(-), -
1244, -
1244(-), -
254, -254(-), 
-254(-), -
381(-) 

CANNTG, 
CACATG,  

CATGTG, 
AAGATTCT, 
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CATGTG, 
AAATATGCT, 

AAATATGCC 

 

NAC- binding 
site 

 

-387(-), -
616(-), -671,-
778, -779(-) 

CATGTG, 
AATGCATT, 

ATGCATTA 

-473(-), -
738(-), -
1291, -
591(-), -
895(-) 

CATGTG, 
AATGCATT, 

ACGCATTG, 
ATGCAATG 

-265(-), -
722(-), -811, -
555(-), -470(-) 

CATGTG, 
TACGTAA,  

ACGCATTG 

 

-174(-), -
961(-), -
1465(-) 

ATGCAATG, 
TGTGCGTT, 

TGGCGTGT 

 

-254  

CATGTG 

 

ACGTATERD1 -69, -69(-), -
338, -338(-), -
338(-), -957, -
957(-), -1210, -
1210(-), -1489, 
-1489(-) 

ACGT 

Absent -574, -574(-), 
-1022, -
1022(-) 

ACGT 

-1489, -
1489(-) 

ACGT 

Absent 

GT1GMSCAM4 

 

-1052(-), -998, 
-992, -633(-), -
595(-), -576(-), 
-528, -454(-), -
421, -312 

GAAAAA 

-460(-), -189, 
-59, -16 

GAAAAA 

 

-1483, -1010, 
-972, -957, -
899, -661, -
579, -225 

GAAAAA 

 

-528(-) 

GAAAAA 

 

-1187(-), -
1008, -
950(-), -
264(-), -173, 
-91 

GAAAAA 

W-box 

(WRKY binding 
site) 

 

-751, -966, -
1136(-), -
1345(-), -751, -
966, -1136(-), -
1345(-), -
1135(-), -967  
TGACY, 
TGACT, 

TTGAC 

-441, -626(-), 
-694(-), -
821(-), -900, 
-907(-), -
1324, -
906(-), -901, 
-693(-), -442 
TGACY, 
TTGAC 

-545, -544, -
695, -717, -
544, -1374, -
431(-) 

CTGACY, 
TGACY, 

TGACT, 
TTGAC 

-697(-), -
1121(-), -
1161, -275(-), 
-432(-), -
697(-), -788, -
1121(-), -
1160, -1168, -
275(-), -
432(-), -1160, 
-764, -408 

CTGACY, 
TGACY,  

TGACT, 
TTGAC 

-303, -
1170(-), -
1389(-), -
115, -222, -
236(-), -301, 
-449(-), -
730(-), -862, 
-1170(-), -
1389(-), -
115, -222, -
236(-), -
449(-), -862, 
-1170(-), -
1389(-), -
863, -729(-), 
-510 

CTGACY, 
TGACY, 

TGACT, 
TTGAC 
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Table 4. Number of cREs related to drought and salinity tolerance in promoter sequence. 

Cis-element 
name 

OsNHX1 OsNHX5 OsHKT1;1 OsHKT2;1 OsSOS1 Putative 
binding TF or 
Function 

ABRE 18 0 4 2 0 CRE involved 
in the ABA 
responsiveness 

MYBRS 12 15 15 14 7 CRE involved 
in regulation of 
water stress 

MYCRS 24 17 25 14 16 Binding site of 
dehydration-
resposive gene 

NAC-binding 
sites 

5 5 5 3 1 CRE involved 
in early 
responsive to 
dehydration 

ACGTATERD1 11 0 4 2 0 CRE involved 
in early 
responsive to 
dehydration 

GT1GMSCAM4 10 4 8 1 6 CRE involved 
in regulation of 
salinity stress 

W-Box 10 11 7 15 22 CRE involved 
in regulation of 
stress 
responses 

DRE 1 2 0 1 0 CRE involved 
in treating with 
ABA and 
drought 

 

The TATA box is known to play a role in 

enhancing gene expression by binding to 

proteins involved in transcriptional activity. 

TATA-box ensures its function when it is 

located in the region [-35, -25] (upstream of 

TSS). Of the five genes studied, OsNHX1, 

OsHKT1;1, OsHKT2;1, and OsSOS1 genes 

have motifs in this proximal region, except 

the OsNHX5 gene (Table 3). Although the 

OsNHX5 gene did not gain the support of 

TATA-box, the DPE motif was found in its 

core promoter region at +28 (downstream of 

DRE 

 

-317 

ACCGAGA 

-1195, -1195 

ACCGAC, 
RCCGAC 

Absent 

 

-1125(-) 

ACCGAGA 

Absent 
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TSS). This DPE element is also involved in 

the transcription initiation of the OsNHX5 

gene. 

With the function of enhancing the binding 

of the TFs and the RNA polymerase 

complex to the gene's promoter region, the 

CAAT box element helps to form the pre-

initiation complex, which is essential for 

transcription initiation. Our analysis found 

that the number of CAAT-box elements 

ranges from 8 motifs for the OsHKT 2;1 

promoter region to 4 motifs for OsNHX1, 3 

motifs for OsHKT1;1 and 2 motifs for 

OsSOS1. The OsNHX5 promoter has only 

one motif in the NewPLACE database. 

Specifically, the CAAT box element is 

recognized by a TF called NF-Y (Nuclear 

Factor Y). The binding of NF-Y to the 

CAAT box helps recruit other TFs and the 

RNA polymerase complex (Nardone et al., 

2017). 

In the core promoter regions of 5 genes, Y 

patches were found near TSS within a range 

of approximately -50 to +20. A previous 

study suggested that the Y Patch motif 

regulates gene expression when a gene lacks 

the TATA box (Yamamoto et al., 2007). 

Although the TATA box is a well-known TF 

binding site, it is not always present in all 

core promoters of rice plants. Alternatively, 

Y patches with T/C-rich decamer motifs are 

more prevalent in rice promoters. 

Approximately 19% of rice genes possess 

the TATA box, while around 50% contain 

one or more Y patches in their core 

promoters (Civan, Svec, 2009).  

Another cis-element, the G-box, commonly 

found in the promoter regions of many plant 

genes, was identified in the OsNHX1 

promoter region (7 motifs) and absent in the 

other four. The G-box contains a consensus 

sequence of CACGTG and is recognized by 

TFs known as bZIP (basic leucine zipper) 

proteins. BZIP proteins are of the TP groups 

that regulate gene expression in response to 

environmental stimuli, including abiotic 

stress (Yu et al., 2020).   

ABRE elements (ABA-responsive 

elements), functionally identified as cis 

regulation elements in the promoters of 

various ABA responsive genes, had been 

recognized in OsNHX1 at 18 different 

positions. On the other hand, the number of 

ABRE elements was none or only a few in 

the other studied promoters (Table 4). The 

ABRE element is recognized by 

ABF/AREB proteins, which are activated by 

phosphorylation through the action of 

SnRK2 protein kinases (Kobayashi et al., 

2005). These TFs bind to the ABRE 

sequence in the promoter region of target 

genes, thereby regulating their expression. 

Activation of ABA-responsive genes leads 

to various physiological changes in plants, 

including stomatal closure (reducing water 

loss), accumulation of osmoprotectants 

(compounds that help maintain cellular 

osmotic balance), and the induction of stress 

tolerance mechanisms (Feng et al., 2019). 

MYBRS, MYCRS, and NAC binding-sites 

are sequence motifs that serve as recognition 

sites for MYB, MYC, and NAC TFs, 

respectively. The binding of these TFs to 

their respective motifs in gene promoters 

plays a vital role in the regulation of gene 

expression in plants, especially in response 

to dehydration (Joshi et al., 2016). In our 

study, the total number of motif positions of 

these types in the genes OsNHX1, OsNHX5, 

OsHKT1;1, OsHKT2;1 and OsSOS1 were 41, 

37, 45, 31, and 24, respectively (Table 4). 

Therefore, we could hypothesize that the 

activity of the OsNHX1 and OsHKT1;1 gene 

would be stronger than that of other genes 

under dehydration stress. 
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Furthermore, several factors indirectly 

involved in salt stress response were also 

found in the promoter region of studied 

genes, such as ACGTATERD1, DRE 

(Freitas et al., 2019), and GT1GMSCAM4 

(Liang and Jiang, 2017), which are known to 

be involved in the processes of response to 

salinity or drought stress. According to data 

presented in Table 4, the number of cis-

elements belonging to these factors is 

significantly higher in the OsNHX1 gene 

promoter region, thereby reinforcing our 

above hypothesis. 

CONCLUSION 

In conclusion, the analysis of cis elements 

associated with drought and salinity 

tolerance within the promoter regions of 

OsNHX1, OsNHX5, OsHKT1;1, OsHKT2;1, 

and OsSOS1 using bioinformatics tools 

strongly supported our hypothesis. Potential 

transcription start sites for these genes were 

predicted at positions of -322, -182, -535, -

53, and -168 for OsNHX1, OsNHX5, 

OsHKT1;1, OsHKT2;1, and OsSOS1, 

respectively. By comparing the number and 

positional information of these cREs, the 

findings suggest that, among the five studied 

genes, OsNHX1 and OsHKT1;1 may possess 

regulatory mechanisms that allow them to 

respond more robustly to environmental 

stresses. However, further experimental 

validation such as promoter activity assays, 

gene mutation studies, or ChIP (chromatin 

immunoprecipitation) should be carried out 

to confirm the association of specific TFs 

with cis elements and their impact on gene 

expression. This knowledge would provide 

suggestions for crop improvement strategies 

that enhance stress tolerance in agricultural 

systems. 
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