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INTRODUCTION 

 

Control of gene transcription in eukaryotic organisms, including plants, is 
multistage, where each stage is regulated by specific factors. For example, 

epigenetic changes involving DNA methylation or modification of histones can 

result in either silencing or superactivation of selected DNA templates (Habu et 

al., 2001; Emanuele et al., 2011).  

Gene transcription itself is conditional upon the availability of genes in 

euchromatin and involves the preinitiation complex formation, RNA polymerase 
II recruitment, the transition to an initiation site, elongation using RNA 

polymerase II, and finally termination. In addition, this process is controlled by 

numerous specific regulatory protein transcription factors – mediators of 
intracellular and extracellular signals. Transcription factors interact with the cis-

regulatory sequences (cis-elements) occurring in the promoter sequence and via 

active complexes they modulate adjacent gene expression (Meshi and Iwabuchi, 

1995; Bilas et al., 2016).  

In Arabidopsis thaliana, the length of potential cis-elements - motifs varies from 

4 to 10 nucleotides (Kaur et al., 2017). Depending on the type, these are present 
in different copy numbers as well as at variable distances and orientations in 

relation to the gene (Venter and Botha, 2010). Their prediction in plant 

promoters and subsequent verification involves both bioinformatics and co-
expression based approaches. The former is based on the fact that cis-regulatory 

sequences are conserved in orthologous gene promoter sequences across 

diverging species. The latter considers the specific expression profiles of genes 
that are conditioned by the occurrence of cis-elements - the binding sites for 

transcription factors (Ibraheem et al., 2010; Korkuc et al., 2014). Such in vitro 

practical verification of new potential cis-element function is usually performed 
using plant transformation techniques and subsequent transgene expression 

analysis (Hernandez-Garcia et al., 2014). 

Currently, available databases, for example PLACE (Higo et al., 1999) and 
PLANTCARE (Lescot et al., 2002), contain a collection of various cis-regulatory 

sequences described in earlier studies that can be used as a tool for in silico 

analysis of unknown promoter sequences.  
Endo-β-1,3-glucanases (EC 3.2.1.39) belong to Glycoside hydrolase family 17, 

whose role is to catalyse the hydrolysis of the glycosidic bond in the β-1,3-

glucans - structural components of the cell walls of bacteria, yeasts, fungi, lichens 
and plants (Manners et al., 1973). In plants the genes for β-1,3-glucanases form 

highly complex and diverse gene families with dozens of members (Xu et al., 

2016). The crucial role of plant β-1,3-glucanases has been reported in a wide 
range of physiological and developmental processes and in plant defence (Mauch 

et al., 1988; Wojtkowiak et al., 2012). Their participation in the digestion 
processes of carnivorous plants has also been confirmed (Michalko et al., 2013). 

Recently β-1,3-glucanase gene sequence (DbGluc) (MN481115) has been 

isolated from the poorly-investigated carnivorous plant Drosera binata genome. 
As individual β-1,3-glucanases have specific expression profiles, in order to 

derive a potential role of the DbGluc in D. binata plants, in silico analysis of the 

corresponding promoter sequence was the focus of this study. For this, a 1154 bp 
DNA sequence upstream of the transcription start site of DbGluc was searched 

for the occurrence of putative cis-regulatory elements, using the PLACE 

database, and their role as potential binding sites for transcription factors 
modulating the specific gene expression profile in plants is discussed in light of 

the available literature.  

 
MATERIAL AND METHODS 

 

Plant material  

 

Plants of D. binata were cultivated aseptically on MS media (Duchefa, The 

Netherlands) supplemented with 2% (w/v) sucrose and 0.8% (w/v) agar at 24 °C 
±2 °C with 16/8 photoperiod and light intensity of 50 μmol m-2 s-1. 

 

Isolation of promoter, sequence amplification and sequencing 

 

The D. binata genomic DNA was extracted from the green tissues (1 g) 

according to Bekesiova et al. (1999). The β-1,3-glucanase gene (MN481115) 
was isolated using the Genome Walker kit (Clontech, Mountain View, CA, 

USA). Subsequently, the adjacent promoter sequence was re-amplified in 25 μl 

solution containing 100 ng template, 15 pmol P1 (5´-
TGATCACCGTTGAACATCTTCCAT-3´) and P2 (5´-

TGATCACCGTTGAACATCTTCCAT-3´) primers, 200 μmol dNTP, 1 x PCR 

buffer and 1U FIREPol DNA polymerase (Solis BioDyne, Tartu, Estonia). The 
first step was performed at 94 °C for 3 min and was followed by 35 cycles of 

denaturation at 94 °C for 30 s; annealing at 63 °C for 30 s, extension at 72 °C for 

90 s and the final step was performed at 72 °C for 7 min. The PCR product was 
cloned into pJet 1.2 (Thermo Fischer Scientific, USA) and sequenced using an 
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ABI Prism 310 genetic analyser with the BigDye® Terminator v3.1 Cycle 

Sequencing Kit (Applied Biosystems, ThermoFischer Scientific, Inc.). 

 

In silico analysis of DbGluc promoter region 

 

The homology search tool of the PLACE database 
(https://www.dna.affrc.go.jp/PLACE/?action=newplace) (Higo et al., 1999) was 

used for scanning of cis-element motifs present in the DbGluc promoter 

sequence.  
 

RESULTS AND DISCUSSION 

 

To predict the biological functions of β-1,3-glucanase isolated from D. binata, 

the adjacent promoter sequence of length 1154 bp upstream of the transcriptional 
start site was assessed for the presence of motifs identical to the previously 

reported cis-elements in the PLACE database (Higo et al., 1999). As plant 

promoter architecture is poorly explored, the region approximately 1000 bp 
upstream of the transcriptional start site is usually analysed for the occurrence of 

cis-regulatory motifs that may be involved in the control of gene expression 

(Picot et al., 2010; Yamamoto et al., 2007). 
Out of 460 motifs and their variants available in the PLACE database putative 67 

different binding sites were identified within the DbGluc promoter sequence. The 

list of the most relevant potential cis-regulatory elements is shown in Table 1.  
The search revealed a putative TATA-box 35 nucleotides upstream of the 

transcription start site of the DbGluc promoter. This agrees with the site of most 

plant TATA box-promoters that contain the element for the RNA binding 
complex, which are found at a distance from 25 to 45 bp upstream of the 

transcription start site (Shahmuradov et al., 2005). Sawant et al. (1999) 

attributed this sequence preferentially to highly expressed plant genes. Later, the 
responsibility of this motif for accurate transcription initiation and selectivity of 

gene expression in plants was proven (Srivastava et al., 2014). Study of the 

Arabidopsis genome showed that approximately 29% of promoters contain this 

motif (Molina and Grotewold, 2005; Jopcik et al., 2014). 

The closest CAAT-box with a defined role in the enhancement of gene 

transcription (Sawant et al., 1999) is positioned 59 nucleotides upstream of the 

core TATA box. Overall, 11 copies of CAAT tetranucleotide were identified 

within both strands of the promoter sequence. 
Subsequently, the other putative binding sites for transcription factors were 

classified into three functional groups: light-, tissue- and stress-responsive cis-

elements. 
The group of light-responsive elements involved twelve GATA-BOXes, one I-

BOX, four T-BOXes and two CIRCADIAN motifs within both strands of the 
DbGluc promoter. The presence of a higher number of repeats for GATABOX 

(GATA sequence) is not surprising, as this motif is required for high level, light-

regulated and tissue-specific gene expression (Abu El-Heba et al., 2015). 
Another GATA-related motif I-box (GATAA sequence) has been found in light-

regulated genes such as the CAB (chlorophyll A/B binding protein) or GAPDH 

(glyceraldehyde-3-phosphate dehydrogenase) genes. Regulation of gene 
expression is performed via interaction with GATA transcription factors that 

belong to the group of DNA binding proteins distinguished by a zinc finger motif 

(Reyes et al., 2004; Liu et al., 2019). T-box and CIRCADIANLELHC cis-
elements have also been described as light-regulated elements in plants (Hwang 

et al., 1994; Chan et al., 2001., Chen et al. 2020). Deletion of some of these 

elements may strongly reduce promoter activity (Giuliano et al., 1988; Reyes et 

al., 2004). 

The group of tissue-specific cis-elements is represented by fifteen 

DOFCOREZM, thirteen CACTFTPPCA, five RAV1AAT, seven 
ROOTMOTIFTAPOX1, four POLLEN1LELAT52 and four GTGANTG10 

motifs within the DbGluc promoter sequence. 

 
 

 

 

Table 1 The cis-regulatory elements with putative functions identified within both strands (+), (-) of the 1154-bp DbGlu1 promoter sequence predicted using the 

PLACE database. The position of the TIS is +1 and the nucleotides upstream from this site are negatively numbered. 

Cis-element  Location  
Signal 

sequence 
Putative function 

TATA -35(+) TATA 
Core promoter element about -30 bp upstream from the 

transcription start site 

CAAT 
-94 (+), -524 (+), -636(+), -674 (+), -843 (+), -994 (+), -

177 (-), -256 (-), -518 (-), -807 (-), -1103 (-) 
CAAT 

Common cis-acting element in promoter and enhancer 

regions 

GATABOX  
-197 (+),-389 (+),-617 (+),-755 (+),-976 (+),-1106 (+), -

195 (-), -216 (-), -268 (-), -383 (-), -775 (-), -835 (-) 
GATA 

Light-responsive elements 

 

IBOXCORE  -776(-) GATAA 

T-BOXATGAPB -141(+), -164 (+), -360 (+), -1032 (-) ACTTTG 

CIRCADIANLELHC -201 (+), -902 (+), 
CAANNNNA

TC 

DOFCOREZM 

 

-169 (+), -226 (+), -1031 (+), -108 (+), -1083(-), -20(-), -

104(-), -117(-), -140(-), -163(-),-359(-),-488(-),-686(-), -
783(-), 1852(-) 

AAAG 
Core site of Dof proteins (endosperm-specific 

expression) 

CACTFTPPCA 

-142 (+), -230 (+), -373 (+), -443 (+), -646 (+), -929 (+), -

986 (+), -69 (-), -263 (-), -284 (-), -297 (-), -973 (-), -
1136(-) 

YACT mesophyll-specific gene expression in C4 plants 

RAV1AAT  -151(+), -319 (+), -17 (-), -175(-), -873 (-) CAACA 

Root-specific elements 
ROOTMOTIFTAPOX1 

-179 (+), -292 (+),-809 (+),-815 (+),-1105 (+), -1146(+), -

802 (-) 
ATATT  

POLLEN1LELAT52 -564 (+), -1082 (+), -671 (-), -718 (-) AGAAA 
Pollen-specific elements 

GTGANTG10 -68 (+), -1049 (+), -1135 (+), -408 (-) GTGA 

ARR1AT 

 

-137 (+), -160 (+), -324 (+), -500 (+), -93 (-), -354 (-), -

641 (-), -826 (-),-896 (-) 
NGATT Cytokinin-responsive element 

GAREAT -309 (-) TAACAAR  GA-responsive element 

MYCCONSENSUSAT -530 (+), -653 (+), -530 (-), -653 (-) CANNTG Dehydration-, cold- and ABA-responsive elements 

MYBCORE -319 (-), -505(-) CNGTTR Dehydration responsive element 

ACGTATERD1 -233 (+), -1062 (+), -233 (-), -1062 (-) ACGT Dehydration early responsive element 

GT1CONSENSUS -123 (+),-378 (-), -1007 (+), -1089 (-),  GRWAAW Salinity stress 

WRKY71OS 
-67(+), -129 (+), -254 (+), -1048 (+), -1068 (+), -203(-), -
314 (-), -877 (-), -881 (-), -1028 (-), -1060 (-) 

TGAC 
Biotic-, abiotic-stress and germination-responsive 
element 

WBOXATNPR1 -255 (+), -1069 (+), -203 (-) TTGAC SA-induced element, disease responsive element 

CURECORECR -231 (+), -647 (+), -231 (-), -647 (-) GTAC Copper-responsive element 

Legend: W = A or T; Y = C or T; R = A or G; K = G or T  

 
The tetranucleotide AAAG (DOFCOREZM motif) has been described as a target 

binding site of Dof transcription factors, involved in photosynthetic carbon 

assimilation and light-mediated gene regulation. In addition, DOF cis-regulatory 
elements have been found in genes participating in many other processes such as 

seed germination and maturation, accumulation of seed storage proteins, 

photoperiodic flowering and dormancy (Kim et al., 2010; Kushwaha et al., 

2011). The CACTFTPPCA motif represented by a tetranucleotide YACT was 

abundantly distributed within the analysed promoter sequence. As a key 

component of a 41-bp MEM1 module, this was described in mesophyll-specific 

expression in C4 plants (Gowik et al., 2004). The DbGluc promoter sequence 

contains several RAV1AAT cis-regulatory motifs (CAACA), target site for 

RAV1 transcription factor. Its expression has been reported to be up-regulated by 
touch-related mechanical stimuli (Kagaya and Hattori, 2009). In addition, 

RAV1 acts as a negative regulator of ABA in seed germination and seedling 

greening rates (Feng et al., 2014). The occurrence of pentanucleotide ATATT 
denoted as ROOTMOTIFTAPOX1 cis-element in the promoter of the peroxidase 

gene has been reported to be responsible for a distinctive expression profile in 

roots of wheat (Hertig et al., 1991). Finally, POLLEN1LELAT52 and 
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GTGANTG10 elements have been found to control pollen-specific expression of 

the indie-β-mananas gene in tomato (Filichkin et al., 2004; Tein Dung et al. 

2016) and late pollen gene g10 in tobacco (Rogers et al., 2001), respectively. 

The third group of cis-elements are putative target sequences of regulatory 

proteins responding to biotic and abiotic stress, seed dormancy/germination and 

senescence (Wu et al., 2009; Wang et al., 2015; Zhao et al., 2017;). As shown 
in Table 1, two MYBCORE, four ACGTATATERD1, four CURECORECR, 

eleven WRKY-box, three WBOXATNPR1 and four GT1 cis-elements were 

identified, within both strands of the DbGluc promoter. 
The MYBCORE sequence was described as a binding motif for plant MYB 

proteins involved in water stress gene expression (Zahur et al., 2009). GT1 cis-
element target sequences for GT1 transcription factors play a role in response to 

stress caused by pathogens and high salinity (Park et al., 2004; Zhao et al., 

2017). The ERD1 (ACGT) domain has been reported to be required in 
dehydration stress and dark-induced senescence (Simpson et al., 2003). 

WBOXATNPR1 cis-element (TGAC) is a part of a WRKY-box (TTGAC) that is 

recognized by WRKY transcriptional factors regulating the plant’s response to a 
wide range of stresses (biotic/abiotic stress factors, senescence, germination) 

(Abu El–Heba et al., 2015; Lancikova and Ziarovska, 2020). 

When the cis-elements of the DbGluc promoter and β-1,3-glucanase and 
chitinase of D. rotundifolia, another carnivorous species, were compared 

(Durechova et al., 2014; Michalko et al., 2017), the group of stress-responsive 

cis-elements was abundant within all three promoters. It is noteworthy that the 
role of many genes for pathogenesis-related proteins involved in defence 

processes was transformed and many of these genes are extensively utilized in 

the digestive processes within Droseraceae family (Durechova et al., 2013; 

Jopcik et al., 2017; Schulze et al., 2012). 

 

CONCLUSION 

 

Herein, the β-1,3-glucanase promoter region of carnivorous plant D. binata was 

successfully isolated and sequenced. In silico analysis of the promoter sequence 
revealed the presence of numerous light-, tissue- and stress-responsive cis-

elements. The group of stress-responsive elements is predominantly characteristic 

of pathogenesis-related proteins, including β-1,3-glucanases, that may participate 
in the digestive processes in carnivorous species as well. However, only the 

detailed expression profile of the β-1,3-glucanase gene in individual plant 

tissues/organs, under various stress conditions and during the digestion processes 
can reveal the real role of this gene in D. binata plants.  
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