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Abstract 

The genus Ebolavirus comprises with clinically significant viral pathogens, 
namely Bundibugyo ebolavirus, Reston ebolavirus, Sudan ebolavirus, Tai Forest 

ebolavirus and Zaire ebolavirus causing deadly haemorrhagic fever in human 
with mortality rate approaching 90% and thus posses a potential global health 
risk. Ebola infection can be characterized by immune suppression results in 
disintegration of vascular, coagulation and immune system leading to multi 
organ failure and shock. The recent Ebola epidemic in Africa is spiraling out of 
control and no approved therapies/vaccines are available yet for its treatment. 
The genomes of Ebolavirus are approximately 18.8-19.0 kb long; encode both 
structural and non structural proteins. The structural proteins play key role in 
attachment, entry, stability, gene expression and pathogenesis of virus within 
the host. Therefore, in this in silico approach the complete genome sequences of 
five different species of Ebolavirus were used to characterize and investigate the 
putative promoter motifs. The promoter sequences were identified in all the 
species along with their name, sequence, weight and location within gene by 
PROSCAN Version 1.7. A grand total of 107 promoters were detected within 
different Ebolavirus genome; out of which 31, 29, 33, 10 and 4 promoter 
sequences were found in Bundibugyo ebolavirus, Reston ebolavirus, Sudan 

ebolavirus, Tai Forest ebolavirus and Zaire ebolavirus respectively. The genome 
size and G+C (%) of different Ebolavirus were almost equal. This current study 
may helps in identifying and analyzing various promoter motifs in Ebolavirus, 
thus understanding their roles in the regulation of gene expression, cell 
specificity and development. It may also be helpful in designing effective 
expression vector as well as live attenuated vaccine, hence inventing 
progressive target specific delivery system and fruitful gene therapy against 
different Ebolavirus species. 
Key words: in silico, Promoter motifs, Ebolavirus, Genome, Haemorrhagic fever 
and Regulation of gene expression. 
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INTRODUCTION 

The members of the Ebolavirus genus are considered as representative pathogen of viral 
haemorrhagic fever known as Ebola infection, causing initial manifestations include a 
sharp rise in fever, sore throat, muscle pain, headaches, explosive vomiting and diarrhea 
[1]. They are considered as a Category-A type infectious pathogen by the U.S. 
Department of Transportation’s Hazardous Materials Regulations (HMR: 49 C.F.R., Parts 
171–180) [2]. The genus Ebolavirus is inside in the family Filoviridae and order 
Mononegavirales. Viruses within this genus are called ebolaviruses and five known 
species has been identified namely: Bundibugyo ebolavirus, Reston ebolavirus, Sudan 

ebolavirus, Tai Forest ebolavirus and Zaire ebolavirus [3]. Bundibugyo ebolavirus was 
first detected as a new species of Ebolavirus on November, 2007 in Bundibugyo district, 
Uganda by World Health Organization (WHO); on the other hand Reston ebolavirus was 
discovered in 1989 during an outbreak of simian hemorrhagic fever virus from Reston, 
Virginia. On June, 1976 Sudan ebolavirus was first identified in Nzara, Sudan while in 
1994, Tai Forest ebolavirus was discovered in chimpanzees from Tai Forest, Africa. Zaire 

ebolavirus is responsible for 2014, West Africa Ebola outbreak and has highest case 
fatality rate up to 90% in some epidemics. This species was first identified during an 
outbreak on August, 1976 in Yambuku [3,4].  
The first outbreak caused by Ebolavirus was recorded in 1976, but the wild reservoir of 
this virus is still unknown. Recently researchers isolate antibody from fruit bats against 
Reston ebolavirus and Zaire ebolavirus, thus identified the fruit bats as a potential 
reservoir of this pathogen [5]. From 1976 through 2013, a total of 2000 confirmed cases 
had been reported by WHO, but as of early August, 2014 the number of present 
epidemic cases had already surpassed the number of the previous outbreaks combined. 
Recent outbreak (November, 2014) of the human Zaire ebolavirus infection starting in 
West African countries has resulted in 15351 infected patients. With an increased Ebola 
death toll, a total of 5459 deaths have been reported in six affected countries (Guinea, 
Liberia, Mali, Sierra Leone, Spain, and the United States of America) and two previously 
affected countries (Nigeria and Senegal) [6]. 
Members of Ebolavirus are filamentous enveloped RNA virus consists of 19 kb linear, 
non-segmented, single-stranded negative-sense RNA (Group V (- ssRNA)). The negative-
sense RNA is complementary to viral mRNA and thus prior translation it must be 
converted to positive-sense RNA by RNA polymerase [7]. The genome encode seven 
structural proteins including nucleoprotein (NP), virion protein 35 (VP35), VP40, 3 
glycoproteins (sGP/ssGP/GP1,2), VP30, VP24, RNA dependent RNA-polymerase protein 
(L-polymerase) and two non structural proteins including 3′ non-coding region (lader), 
5′  non-coding region [8]. Transmembrane protein GP1 and GP2 is very crucial for viral 
attachment and pathogenesis. The GP1-GP2 heterodimer assemble as a trimer on viral 
surface and forms spike on the envelope membrane of mature viral particles. This 
complex contains a receptor-binding domain (RBD) responsible for attachment, entry 
and cellular tropism within the host cell and a mucin like domain to protect RBD from 
humoral and cell mediated immunity [9-12]. The secretary glycoprotein (sGP) 
synthesized at a large amount during viral infection and constitutes about 80% of total 
GP. It protects the virus against host humoral immune defense and cytokine-induced 
cytotoxicity during the early phase of viral infection [13]. The inner ribonucleoprotein 
complex is associated with NP, VP35, VP30 and RNA-dependent RNA polymerase to the 
functional transcriptase–replicase system that facilitate the transcription and 
replication process of Ebolavirus [14]. The VP35 and VP24 proteins are involved in 
hijacking transcription and translation machinery for robust genome replication by 
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suppressing the host innate immune response [15]. The VP30 is essential in maintaining 
the balance between transcription and replication process in Ebolavirus replication 
cycle [16]. The matrix proteins VP40 along with VP24 is highly important for structural 
stability and contribute to the regulation of viral genome replication and transcription 
[17]. 
Promoter is one of the most important regulatory regions that regulate the gene 
expression at transcription level. Transcription begins when specific sequences within 
the promoter are recognized by proteins, known as transcription factors and proceeds 
through the coding sequences till reaching the ends at the termination site. The 
promoter sequences also involved in the regulation of elongation step in a transcription 
process by means of clearing the RNA polymerase from promoter region. Therefore, it is 
vital to identify and analyze promoter sequences within the whole genome to regulate 
gene expression in different species of Ebolavirus. So considering the limited data on 
promoter motifs in Ebolavirus genome, current study was designed through in silico 
approach to characterize and investigate the putative promoter motifs in different 
species of Ebolavirus. 
 
MATERIALS AND METHODS 

Retrieval of genome sequences 

The complete genome sequences of five different species of Ebolavirus- Bundibugyo 

ebolavirus, Reston ebolavirus, Sudan ebolavirus, Tai Forest ebolavirus and Zaire 

ebolavirus were retrieved from the most reliable biological databases such as NCBI 
(National Center for Biotechnology Information) cited at 
http://www.ncbi.nlm.nih.gov/genome/viruses/ [18].  
 
Multiple sequence alignment  
All of these five complete sequences were aligned with each other using clustalW 2.1 
(http://www.ebi.ac.uk/Tools/msa/clustalw2/) at GAP open, GAP extension and GAP 
distances of 10.0, 0.2 and 5.0 respectively [19]. 
 
Sequence similarity search 

The sequence similarity for complete genome sequences of different Ebolavirus species 
was evaluated against whole Genebank database by nucleotide BLAST (Basic Local 
Alignment Search Tool) at expected threshold value 10 and BLOSUM 62 matrix as 
parameter implemented via the NCBI website (http://blast.ncbi.nlm.nih.gov/Blast.cgi) 
[19]. 
 
Analysis of Ebolavirus genomes   

The complete genome of five different Ebolavirus species were analyzed in FASTA 
format and the size (kb), total number of genes and proteins were determined by 
BioProject which is a collection of biological data related to a single initiative, 
originating from a single organization (http://www.ncbi.nlm.nih.gov/bioproject/). The 
G+C (%) was analyzed by GC calculator 
(http://www.genomicsplace.com/cgibin/gc_calculator.pl) [18].  
 
Transcription initiation site 

In genetics, transcription of a particular gene is initiated at a region of DNA called 
promoter. The transcription factor sites are over represented in the promoter region. 
The putative promoters in the genome of different species of Ebolavirus were 
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determined by using Promoter Scan (PROSCAN Version 1.7 at http://www-
bimas.cit.nih.gov/molbio/proscan/) program at promoter cutoff score 53.000000. This 
program predicts promoter regions in primary sequence data based on scoring 
homologies with putative eukaryotic Pol II promoter sequences and transcription factor 
site density. This program recognizes about 70% of primate promoter sequences in the 
eukaryotic promoter database with a false positive rate of about one in every 14000 
single strand bases. The program covers three databases including TF database, 
promoter database and non promoter set constructed from protein and RNA gene 
sequences [20]. In this study, we have identified the location and function of putative 
promoters in different Ebolavirus species [21]. 
 

RESULTS AND DISCUSSION 

In this experiment, complete genome sequences of five different species of Ebolavirus 
named Bundibugyo ebolavirus, Reston ebolavirus, Sudan ebolavirus, Tai Forest ebolavirus 
and Zaire ebolavirus were retrieved from the accession NC_014373.1, NC_004161.1, 
NC_006432.1, NC_014372.1 and NC_002549.1 respectively. The similarities between 
these five genome sequences were analyzed by clustalW 2.1 which showed that, they 
have similarity score 65.26-71.9 between them. A phylogenetic tree with branch length 
was established to observe the evolutionary relationship among these five species 
(Figure). BLAST result suggests that, these sequences were similar only with different 
species of Ebolavirus. 

 
Figure: Phylogenetic tree for the genome sequences of five different species of 

Ebolavirus. 

The analysis of different Ebolavirus genome showed that, the size of genome was 
identified to be 18.94 kb, 18.89 kb, 18.87 kb, 18.93 kb and 18.96 kb in Bundibugyo 

ebolavirus, Reston ebolavirus, Sudan ebolavirus, Tai Forest ebolavirus and Zaire 

ebolavirus respectively. The highest G+C (%) was found 42.3% in Tai Forest ebolavirus 
while lowest was found 40.6% in Reston ebolavirus. The highest no. of genes were found 
9 both in Reston ebolavirus and Zaire ebolavirus, while lowest were found 8 in 
Bundibugyo ebolavirus, Sudan ebolavirus and Tai Forest ebolavirus. On the other hand, 
highest no. of proteins were found 9 in Bundibugyo ebolavirus, Tai Forest ebolavirus and 
Zaire ebolavirus, while lowest were found 8 in Reston ebolavirus and Sudan ebolavirus 
(Table 1). Similarly previous reports suggest that, the genome size of Tick borne 
encephalitis virus, Kamati River virus and Tamana bat virus was 11.4 kb, 11.1 kb and 
10.0 kb respectively, while the G+C (%) content was 50.29, 53.77 and 38.43 respectively 
[22]. In RNA GC bond have 3 hydrogen bonds while AU have only 2. As a result RNA 
with high G+C (%) content is much more stable to high temperature than RNA with low 
G+C (%) content. Moreover large scale systematic gene-centric association analysis 
revealed the correlation between G+C (%) of certain genomic region with temperature 
[23]. 
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Table 1: Experimental data for complete genome of different species of Ebolavirus used 
in this experiment 

Species 

 

Host BioProject 

accession No. 

Chrs 

No. 

Length 

(bases) 

G+C 

(%) 

No. of 

genes 

No. of 

proteins 

Bundibugyo 

ebolavirus 

Vertebrates, 
Human 

PRJNA51245 1 18940 42.0 8 9 

Reston 

ebolavirus 
Vertebrates, 
Human 

PRJNA15006 1 18891 40.6 9 8 

Sudan 

ebolavirus 
Vertebrates, 
Human 

PRJNA15012 1 18875 41.3 8 8 

Tai Forest 

ebolavirus 
Vertebrates, 
Human 

PRJNA51257 - 18935 42.3 8 9 

Zaire 

ebolavirus 
Vertebrates, 
Human 

PRJNA14703 1 18959 41.1 9 9 

 
For analyzing putative promoter motifs, numerous programs have been available in the 
public domain along with different algorithms. But still further refinement is required 
before picking up for investigation in molecular biology laboratory. In this experiment, 
identification and analysis of putative promoters in the genome of different species of 
Ebolavirus namely Bundibugyo ebolavirus, Reston ebolavirus, Sudan ebolavirus, Tai Forest 

ebolavirus and Zaire ebolavirus was done using PROSCAN Version 1.7 program. Earlier 
reports suggest that, 72% of putative promoter motifs recognized by PROSCAN have a 
recognized TATA box and reported Transcription Start Site (TSS) is within +- 10 bases 
of the actual TSS. No relationship has been exist between the signal quality (score) and 
signal weight of a particular promoter. The relative weighting of a putative promoter 
have been determined by estimating the relative frequency with which the signal is 
found in promoter versus non-promoter sequences [20].  
In this study, a total of 107 promoter sequences along with their designation, score, 
weight, specific location within genome, location of TATA box and estimated TSS were 
identified in the different Ebolavirus genome (Table 2). But not a single promoter was 
found common within these species. TFIID was found in Bundibugyo ebolavirus, Reston 

ebolavirus, Sudan ebolavirus and Zaire ebolavirus. Promoter silencer_binding_sit was 
found in both Tai Forest ebolavirus and Zaire ebolavirus while UCE.2 was common in 
Bundibugyo ebolavirus and Reston ebolavirus. Promoter motifs CTF, T-Ag, AP-2 and 
JCV_repeated_sequence were common in Bundibugyo ebolavirus, Reston ebolavirus and 
Sudan ebolavirus. Promoter motif Element_II_rs-4 was common in Bundibugyo 

ebolavirus and Tai Forest ebolavirus. On the other hand E2F and CREB were found in 
both Sudan ebolavirus and Tai Forest ebolavirus. Promoter motifs Albumin_US2, NF-kB, 
c-Myc and NRE_Box2_CS were only found in Bundibugyo ebolavirus, Reston ebolavirus, 
Sudan ebolavirus and Tai Forest ebolavirus respectively (Figure 1-7). Within figures, the 
bright green lines indicate positive strand and red lines indicate negative strand. The 
yellow box within positive strand and blue box within negative strand indicates 
promoter names along with their respective sequences. The number below the box 
indicates the promoter location while the number above the box (within bracket) 
indicates their weight. 
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Table 2: Identification of putative promoter motifs in different species of Ebolavirus 
genome 

Species of Ebolavirus Promoters  

predicted on 

(strand) 

Range of 

location 

(base) 

Promoter 

score 

TATA box 

found at 

(base) 

Estimated 

Transcription 

Start Site (base) 

Bundibugyo ebolavirus Forward 
 

5392-5642 69.00 5617 5647 
18061-18311 64.03 18285 18315 
18369-18619 54.20 18578 18608 

Reverse 18175-17925 60.42 - - 
7864-7614 53.10 7651 7619 

Reston ebolavirus Forward 10424-10674 62.60 - - 
Reverse 8623-8373 68.47 8389 8357 

7531-7281 55.80 - - 
4011-3761 54.95 3780 3748 

Sudan ebolavirus Forward 7546-7796 75.65 - - 
9174-9424 53.79 9405 9435 

10546-10796 59.14 10777 10807 
14416-14666 55.45 - - 

Tai Forest ebolavirus Forward 6577-6827 90.15 - - 
Zaire ebolavirus Reverse 13165-12915 56.28 12958 12926 

 

 

 

 

 
Figure 1: The promoter motifs for the forward strand of Bundibugyo ebolavirus. 
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Figure 2: The promoter motifs for the reverse strand of Bundibugyo ebolavirus. 

 
Figure 3: The promoter motifs for the forward strand of Reston ebolavirus. 

 
Figure 4: The promoter motifs for the reverse strand of Reston ebolavirus. 
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Figure 5: The promoter motifs for the forward strand of Sudan ebolavirus. 

 
Figure 6: The promoter motifs for the forward strand of Tai Forest ebolavirus. 

 
Figure 7: The promoter motifs for the reverse strand of Zaire ebolavirus.  

A very limited resource has been available for the identification and characterization of 
promoter motifs in the viral genome. Transcription factor IID (TFIID) is one of the 
important prerequisite for RNA pol. II preinitiation complex [24]. Within core promoter 
of a particular gene TFIID binds up with TATA box and regulates the transcription 
initiation by RNA pol. II. SRF is a serum response element-binding transcription factor 
that plays an important role in cell cycle regulation, apoptosis, cell growth and 
differentiation. This is done by regulating the activity of many immediate early genes viz 
C-fos. T-Ag is a protein product of proto-oncogene and is involved in viral genome 
replication and regulation of host cell cycle [25]. The transcription factor Sp1 has 
multiple binding sites within major late promoter of adenovirus. The binding site 
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consists of -18GC rich sequences which helps Sp1 to stimulate gene expression, 
enhanced by adenovirus E1A protein [26]. 
JCV_repeated_sequence have been found within two 98 bp tandem repeats in human 
neurotropic papovirus and plays an important role in glial specific transcription of early 
and late stages of viral promoter sites [27]. AP1 (Activating Promoter 1) is a 
transcription factor that binds up with common DNA sites by Fos, ATF and Jun subunits. 
Different AP1 factors regulate different target genes and thus execute distinct biological 
functions [28]. CREB have been originally recognized as a transcription factor mediating 
transcriptional responses to cAMP and intracellular Ca2+ concentration via 
phosphorylation by PKA. It is also found that, the ATF/CREB family of transcription 
factors, i.e. ATF-1 and ATF-2 in conjugation with CREB is most crucial transcription 
factors involved in the initiation of bovine leukemia virus genome transcription [29]. 
E2F is a group of genes that encode another family of transcription factor which binds 
TTTCCCGC consensus binding site in the target promoter sequence. It has undoubtedly 
play important roles in cell cycle control, tumor development and metastasis in mouse 
mammary tumor virus (MMTV)-polyomavirus mouse model in breast cancer [30]. 
Several viruses including HIV and AIDS virus has a binding site for NF-kB transcription 
factor within their genome. This binding controls the expression of viral genes resulting 
viral replication, viral pathogenicity and activation of virus from latent or inactive state 
[31]. Transcription factor TCR-beta binds up with highly conserved decamer, 
homologous to cAMP response element (CRE). TCR-beta expression immediately 
increases the cAMP inducibility of CAT activity, mediated by V beta-CRE sequence [21].  
 
CONCLUSION 
In current study computational approaches have been made to find out the significant 
number of promoter motifs within the genome of five different species of Ebolavirus. A 
total of 107 promoters were determined out of which, 31 promoters were from 
Bundibugyo ebolavirus, 29 from Reston ebolavirus, 33 from Sudan ebolavirus, 10 from Tai 

Forest ebolavirus and 4 from Zaire ebolavirus. These promoters play vital role in 
regulating viral gene expression, thus in silico identification and analysis of putative 
promoter is important for understanding viral gene expression pattern, regulation 
network, cell specificity and development. The findings of this experiment may be the 
riding lamp for next level antiviral therapeutics by designing live attenuated vaccine 
candidate with the help of site directed mutagenesis in promoter regions. These results 
may also contribute to design expression vector and target specific delivery systems in 
gene therapy and thus combat against Ebola infection. 
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