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ABSTRACT 

 

The function and mechanism of regulation of gene transcription process at the molecular level can be 
studied by promoter analysis. In this study, the analysis of TI gene promoter from Vigna unguiculata 

as model plant. This study aims to find a promoter motives on Vigna unguiculata. Gene promoter 

sequences obtained from NCBI with accession code number AY573237.1, DQ417204.1, and 
AJ271752.1. The promoter sequences are analyzed using the PlantCARE program online to obtain the 

regulator element. The results obtained are the sequence of the promoter of the TI gene has a motive 

in responding to several environmental factors, both biotic and abiotic that is responsive to light, 

responsive to the presence of gibberellin hormone, responsive to heat stress, responsive to defense, 
and also responsive to daily plant circadian mechanism. 
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INTRODUCTION 

In the data base, Trypsin Inhibitor 

(TI) genes are commonly found in 

Fabaceae, particularly Vigna and Phaseolus 

(Primandiri et al, 2016). The TI gene is 

important for further review because TI 

plays an important role in plant response to 

stress and development (Singh et al., 2009). 

TI genes are able to regulate plant resistance 

from both biotic and abiotic factors 

(Sanchez et al., 2004; Srinivasan et al., 

2009). TI is detected in salt-deficient plants 

(Shan et al, 2008; Srinivasan et al., 2009; 

Kidric et al, 2014), drought stress (Kidric et 

al, 2014), tolerance for insect attack (Fan & 

Wu, 2005; Srinivasan et al., 2009; 

Anandhan et al., 2010; Mendoza-Blanco & 

Casaretto, 2012), and ABA and jasmonate 

applications (Sanchez et al., 2004; 

Srinivasan et al., 2009). 

The function and mechanism of 

regulation of gene transcription process at 

the molecular level can be studied by 

promoter analysis. Promoters are part of the 

DNA where RNA polymerase attaches and 

transcription factors to initiate the 

transcription process of a gene (Campbell et 

al, 2008). Promoter is one of the regulator of 

gene expression, so the promoter can be 

analogous as switch on a gene. To predict 

the promoter several computational methods 

have been developed (Qiu, 2003). These 

methods include approaches based on 

certain motives (such as TATA box, CAAT 
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box, etc.) as the basis of the search. Other 

methods are certain base-sequence 

approaches that use certain basic sequence 

differences (such as triplet base pair 

preferences in the initial area of 

transcription, hexamer frequency in area 5' 

along 100 base pairs, etc.) as a basis for 

differentiating the promoter region from the 

non-promoter region. The success rate of 

promoter prediction by computation method 

varies between 15-54%. 

With the increasing number of genes 

that have been successfully sequenced, it 

facilitates the determination of the promoter 

region by aligning the complete mRNA or 

cDNA with equivalent genomic DNA. With 

this approach, the identification rate of 

promoter identification can reach more than 

80% (Qiu, 2003). After the promoter 

identified, the promoter can be isolated. In 

this study, an analysis of sequences of gene 

promoter TI to reinforce the TI gene is 

important for further study. 

 

MATERIALS AND METHODS 

Gene promoter sequences of TI were 

obtained from NCBI with accession code 

numbers AY573237.1, DQ417204.1, and 

AJ271752.1. All of samples from Vigna 

unguiculata. Promoter sequence samples 

were collected and analyzed using 

PlantCARE online 

(http://bioinformatics.psb.ugent.be/webtools

/plantcare/html/) to find regulatory 

elements.  

 

RESULT 

Promoters are specific DNA 

sequences that play a role in controlling the 

transcription of genes located in upstream of 

the structural part of a gene. Analysis of 

sequence motive of TI gene promoter in 

silico has been done. Motives promoter 

gene TI obtained quite diverse. The 

promoter sequence has a motive in 

responding to several environmental factors, 

both biotic and abiotic. For example 

responsive to light, responsive to the 

presence of gibberellin hormone, responsive 

to heat stress, responsive to defense, and 

also responsive to the daily circadian 

mechanism of plants. In addition, to ensure 

that the collected sequence is a promoter 

sequence, the results of the in silico analysis 

also found some general motives of 

promoter sequence markers. For example, 

BoxI and Box4 motives, each found in 

sequence collection samples AY573237.1 

and AJ271752.1.  

 
Table 1 Motif of Trypsin Inhibitor Gene Promoters 

Accession Code Genes Motive  Annotation 

AY573237.1 Box I
1)

, GAG-motif
1)

, TCT-motif
1)

, GARE-motif
2)

, HSE
3)

,  

TC-rich repeats
4)

 

1) light responsive element 

2) gibberellin-responsive element 

3) heat stress responsiveness 

4) defense and stress responsiveness 

5) circadian control 

DQ417204.1 Box I
1)

, GARE-motif
2)

, TC-rich repeats
4)

 

AJ271752.1 Box 4
1)

, GAG-motif
1)

, GT1-motif
1)

, circadian
5)

 

 

DISCUSSION 

The promoter is generally located on 

the 5'-flanking region. The promoter region 

is divided into 2, the proximal promoter 

region and the distal promoter region. The 

proximal promoter region serves as a 

transcriptional initiation site and the distal 

promoter region functions in the regulation 

of gene expression (Campbell et al, 2008). 

Promoters have regulatory sequences that 

can recognize transcription factor binding 

sites (TFBS) for special expressions in 

specific developmental and environmental 

phases (Butler & Hannapel, 2012; Bacha et 

al., 2015). Short-regulator sequences are 

often called cis-regulatory elements (CREs) 

(Won et al., 2009, Wittkopp & Kalay 2012).  

Sequence motive of gene promoter 

of TI obtained from NCBI with accession 

code AY573237.1, DQ417204.1, and 

AJ271752.1 was analyzed using PlantCARE 

program on line obtained result that is 5 cis 

element responsive to light that is Boxi, 

GAG-motif, TCT-motif, Box 4, and GT1-

motif, a cis element responsive to 

gibberellins that is GARE-motif, one cis 

http://bioinformatics.psb.ugent.be/webtools/plantcare/html/
http://bioinformatics.psb.ugent.be/webtools/plantcare/html/
http://bioinformatics.psb.ugent.be/webtools/plantcare/html/
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element responsive to heat stress that is 

HSE, one cis element responsive to defense 

and stress that is TC-rich, and one cis 

element control circadian ie circadian . 

BoxI, GAG-motif, TCT-motif, Box 

4, and GT1-motifs that are part of a light-

responsive promoter. The results of the 

study Bacha et al. (2015) obtained BoxI and 

GT1-motif on susy promoter sequences on 

tomato plants for response to light. BoxI, 

GAG-motif, TCT-motif, Box 4, and GT1-

motif are also found on the promoter of the 

BBX gene in tomatoes (Chu et al., 2016). 

Light is a major factor that controls the 

circadian rhythm of various life processes 

such as growth, development, and stress 

response in plants such as biotic stress 

response (Arpaia et al, 1993). 

Motif lain yang ditemukan adalah 

GARE-motif yang responsif terhadap 

giberelin. Hasil penelitian Heidari et al. 

(2015) GARE-motif ditemukan di daerah 

regulator gen AT3G19850, AT2G15960 dan 

AT3G45780 yang terkait dengan elemen 

responsif giberelin. Motif GARE tunggal 

pada beberapa promoter dapat meregulasi 

transkripsi hormonal secara langsung pada 

tingkat tinggi karena bekerja sama dengan 

elemen cis-acting lainnya (Rogers et al., 

1994). 

Another motive found is GARE-

motif that is responsive to gibberellins. 

GARE-motives were found in the 

AT3G19850 gene regulatory area, 

AT2G15960 and AT3G45780 associated 

with the gibberellin responsive element 

(Heidari et al., 2015). A single GARE motif 

in some promoters can regulate hormonal 

transcription directly at high levels as it 

cooperates with other cis-acting elements 

(Rogers et al., 1994). 

HSE (heat stress responsiveness 

element) that is responsive to heat stress. 

HSE was identified from AtFER2, AtFER3 

and AtFER4 gene promoters at A. taliana 

(Zang et al., 2017), a promoter of the tomato 

BX gene (Chu et al., 2016). TC-rich repeats 

are found in NAC genes in nuts (Wu et al., 

2016), PtMPC gene promoters in poplar 

(Chen et al, 2013), PbCBL1 gene promoters 

in pear (Xu et al., 2015). 

 

CONCLUSION 

Sequence of the gene promoter of TI 

has a motive in responding to several 

environmental factors, both biotic and 

abiotic. For example responsive to light, 

responsive to the presence of gibberellin 

hormone, responsive to heat stress, 

responsive to defense, and also responsive 

to the daily circadian mechanism of plants. 

Therefore, the TI gene is an important gene 

candidate to be studied further in the 

breeding process as a source of genes for 

assembling superior plants that tolerant of 

biotic, abiotic, and high production. 
 

REFERENCES 

 Anandhan, S., Insaf A. Qureshi and K.R. 

Koundal. The Cowpea Trypsin Inhibitor 

Promoter Drives Expression in Response to 
Cellular Maturation in Arabidopsis thaliana. 

Physiol. Mol. Biol. Plants. 2010; 16 (1). 31-

37. 

 Arpaia, G., Loros, J.J., Dunlap, J.C., 

Morelli, J., Macino, G. The Interplay of 

Light and The Circadian Clock. Plant 

Physiol. 1993; 102. 1299-1305 

 Bacha, S., Khatoon, A., Asif, M., Yuan, J., 

Bashir, A. Identification and Analysis of An 

Efficient Dicot Constitutive Promoter from 

Tomato. Pak. J. Bot. 2015; 47 (3). 1115-

1120 

 Butler, N.M. and Hannapel, D.J. Promoter 

Activity of Polypyrimidine Tract-Binding 

Protein Genes of Potato Responds to 

Environmental Cues. Planta. 2012; 236. 
1747-1755, 

 Campbell, N.A., Reece, J.B., Urry, L.A., 

Chain, M.L., Wasserman, S.A., Minorsky, 

P.V., Jackson, R.B. Biology 8th Edition. 
New York: Pearson Benjamin Cummings. 

2008.  

 Chen, Z., Wang, J., Ye, M.X., Li, H., Ji, 

L.X., Li, Y., Cui, D.Q., Liu, J.M., An, X.M. 

A Novel Moderate Constitutive Promoter 
Derived from Poplar (Populus tomentosa 

Carrière). Int. J. Mol. Sci. 2013; 14. 6187-

6204 

 Chu, Z., Wang, X., Li, Y., Yu, H., Li, J., Lu, 

Y., Li, H. and Ouyang, B. Genomic 

Organization, Phylogenetic and Expression 



Poppy Rahmatika Primandiri et al. Motives of Trypsin Inhibitor Gene Promoters Sequence from Vigna 

Unguiculata That Respond to Environmental Factors are Analyzed with Bioinformatics 

                    International Journal of Research & Review (www.gkpublication.in)  71 

Vol.4; Issue: 6; June 2017 

Analysis of the B-BOX Gene Family in 

Tomato. Frontiers in Plant Science. 2016; 7. 
1-15 

 Fan, S. G., Wu, G. J. Characteristics of 

Plant Proteinase Inhibitors and Their 

Applications in Combating Phytophagus 

Insects. Botanical Bulletin of Academia 
Sinica. 2005; 46. 273-292. 

 Heidari, P., Ahmadizadeh, M., Najafi-

Zarrini, H. In Silico Analysis of Cis-

Regulatory Elements on Co-Expressed 
Genes . J. Biol. Environ. Sci. 2015; 9 (25). 

1-9. 

 Kidric, M., Kos, J., Sabotic, J. Proteases and 

Their Endogenous Inhibitors in The Plant 
Response to Abiotic Stress. Botanica 

Serbica. 2014; 38 (1). 139-158. 

 Mendoza-Blanco, W. and Casaretto, J.A. 

The Serine Protease Inhibitors and Plant-

Insect Interaction. IDESIA (Chile). 2012; 
30. 121-126. 

 Primandiri, R.P., Amin, M., Zubaidah, S., 

Maftuchah, Santoso, A.M. Profil Gen 

Penyandi Protein Trypsin Inhibitor 
Tanaman Fabaceae pada Data Base. 

Prosiding Seminar Nasional Biologi 2016. 

2016; 121-124. 

 Qiu, P. Recent Advances in Computational 

Promoter Analysis in Understanding the 

Transcriptional Regulatory Network. 

Biochemical and Biophysical Research 

Communications. 2003; 309. 495-501.  

 Rogers, J.C., Lanahan, M.B., Rogers, S.W. 

The cis-Acting Gibberellin Response 

Complex in High-pl α-amylase Gene 

Promoters. Plant Physiology. 1994; 105. 
151-158. 

 Sanchez-H. C., Martinez-G. N., Guerrero-R. 

A., Valdes-R. S., Delano-F. J. Trypsin and 

Alpha-Amylase Inhibitors are Differentially 
Induced in Lleaves of Amaranth 

(Amaranthus hypochondriacus) in Response 

to Biotic and Abiotic Stress. Physiol 

Plantarum. 2004; 122. 254-264. 

 Shan, L., Li, C., Chen, F., Zhao, S., Xia, G. 

A Bowman-Birk Type Protease Inhibitor is 

Involved in the Tolerance to Salt Stress in 
Wheat. Plant, Cell and Environment. 2008; 

31. 1128–1137. 

 Singh, A., Sahi, C., Grover, A. 

Chymotrypsin Protease Inhibitor Gene 

Family in Rice: Genomic Organization and 
Evidence for the Presence of a Bidirectional 

Promoter Shared Between Two 

Chymotrypsin Protease Inhibitor Genes. 
Gene. 2009; 428. 9-19. 

 Srinivasan, T., Kumar, K. R. R., Kirti, P. B. 

Constitutive Expression of a Trypsin 

Protease Inhibitor Confers Multiple Stress 
Tolerance in Transgenic Tobacco. Plant Cell 

Physiol. 2009; 50 (3). 541-553. 

 Wittkopp, P.J. and Kalay, G. Cis-regulatory 

Elements: Molecular Mechanisms and 

Evolutionary Processes Underlying 
Divergence. Nature Reviews Genetics. 

2012; 13. 59-69.  

 Won, S.K., Lee, Y.J., Heo, Y.K., Cho, M., 

Chocis, H.T. Element and Transcriptome 
Based Screening of Root Hair-Specific 

Genes and Their Functional 

Characterization in Arabidopsis. Plant 
Physiology, 2009; 150. 1459–1473. 

 Wu, J., Wang, L., Wang, S. Comprehensive 

analysis and discovery of drought-related 

NAC transcription factors in common bean. 

BMC Plant Biology. 2016; 16. 193-205. 

 Xu, Y.Y., Li, H., Lin, J., Li, X.G., Chang, 

Y.H. Isolation and characterization of 

Calcineurin B-like gene (PbCBL1) and its 

promoter in birch-leaf pear (Pyrus 
betulifolia Bunge). Genetics and Molecular 

Research. 2015; 14 (4). 16756-16770 

 Zang , X., Geng, X., Wang, F., Liu, Z., 

Zhang, L., Zhao, Y., Tian, X., Ni, Z., Yao, 
Y., Xin, M., Hu, Z., Sun, Qi., Peng, H. 

Overexpression of wheat ferritin gene 

TaFER-5B enhances tolerance to heat stress 

and other abiotic stresses associated with the 
ROS scavenging. BMC Plant Biology. 2017; 

17. 1-13. 

 

 

 

 

****** 

How to cite this article: Primandiri
 
PR, Amin

 
M, Zubaidah S et al. Motives of trypsin inhibitor 

gene promoters sequence from vigna unguiculata that respond to environmental factors are 

analyzed with bioinformatics. International Journal of Research and Review. 2017; 4(6):68-71. 

 



Poppy Rahmatika Primandiri et al. Motives of Trypsin Inhibitor Gene Promoters Sequence from Vigna 

Unguiculata That Respond to Environmental Factors are Analyzed with Bioinformatics 

                    International Journal of Research & Review (www.gkpublication.in)  72 

Vol.4; Issue: 6; June 2017 

 

 

International Journal of Research & Review (IJRR) 
 

Publish your research work in this journal 

 

The International Journal of Research & Review (IJRR) is a multidisciplinary indexed open access double-blind 
peer-reviewed international journal published by Galore Knowledge Publication Pvt. Ltd. This monthly journal is 
characterised by rapid publication of reviews, original research and case reports in all areas of research. The details 
of journal are available on its official website (www.gkpublication.in).  
 
Submit your manuscript by email: gkpublication2014@gmail.com, editor@gkpublication.in  

http://www.gkpublication.in/
mailto:gkpublication2014@gmail.com

