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ABSTRACT 

Readthrough is an event in which stop codon is misread, resulting in 
elongation of polypeptides. Stop codon suppression or termination codon 
readthrough, is a mechanism of expression of many disorder proteins. Many 
important cellular functions are carried out by way of the Readthrough 
process. This could alter the gene function which thereon produces either 
destructive or constructive effects. Hence, this study aims to diagnose this 
recoding mechanism in certain selected humans infecting pathogenic viruses 
through insilico approach. For this target, the 3’UnTranslated Regions of the 
selected viruses were retrieved from the Genbank database. Each of these 
3’UTRs were translated into all their reading frames. Motif search using 
Interproscan in each of the frames, followed by homology search using 
BLASTX, and were achieved to identify stop codon readthrough candidates in 
each of the selected viruses. Finally, the secondary structure of RNA was 
predicted using RNAFold web server to ensure the stability of the RNA. The 
3’UTRs from Aichi Virus 1, Cosa Virus A, Dengue Virus 1, Duvenhage 
Lyssavirus, Enterovirus A, HepatitisGB Virus B, Human Cosavirus A, Human 
Pegivirus 2, Langat Virus, Parechovirus A, WestNile Virus and Zika Virus were 
retrieved. A total of 48 motifs were identified in different reading frames of 
3’UTR of the selected viruses. BlastX search recognized 9 homologs in the 
reading frames of 3’UTR. The secondary structure analysis and search of 
motifs and homologs resulted in the confirmation of 5 candidates with strong 
evidence for the readthrough event. These candidates showed homology with 
proteins of prime importance such as Imidazole glycerol Phosphate synthase 
protein, 50S ribosomal protein L27, DNA replication, and repair protein, 
replication origin-binding protein, and adenosine deaminase. Hence, we 
proved that the 3’untranslated regions would undergo translation. This 
strongly suggests that many such readthrough events are to be determined to 
exactly unravel the pathogenicity behind Viruses. To design anti-viral drugs to 
impede this viral machinery, it is essential to analyse their 3’UTR regions. 
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INTRODUCTION 

Viruses have become an incredible hazard to all the living 
life forms viz., plants, animals, humans [1]. Millions of people 
across the globe are experiencing havocking viral sickness 
such as AIDS/HIV, Ebola, Zika, Polio, Rabies, Dengue fever, 
Malaria and so forth., Fatality rates due to pandemic viral 
invasions are still increasing around the globe annually. 
Complications from multiple infections eventually 
overwhelm the body and death follows [2], [3]. Recently, a 
novel corona Virus, nCoV-2019, outbreak in Wuhan, China 
nearly affects a huge number of individuals over the world. 
Many of these diseases causing pathogenic viral strains 
become resistant to the available chemo-therapeutic drugs 
[4]. We are in peak time to guard ourselves and abate these 
life-threatening pathogenic viruses.  
 
Viruses are sub-minuscule infective particles comprising of 
two significant parts namely, an envelope called capsid and a 
core made up of nucleic acid. ‘Virus’ signifies ‘poison’ (La.,).  

 
In 1892, Dimitri Ivanovsky was the first to discover virus, a 
non-bacterial pathogen in contaminated tobacco plants [5]. 
Virus either have DNA or RNA as their hereditary substance. 
Viral genes rarely interrupted by introns [6]. World Health 
Organization (WHO) and the Centre for Disease Control and 
prevention (CDC) reported that hepatitis B and Dengue fever 
were one among the most widely recognized viral illness. As 
indicated by current insights, Hepatitis-B affects around 2 
billion individuals every year. Dengue commonly occurs in 
Africa and Asia. Aedes aegypti is responsible for the 
transmission of dengue virus. Even though this viral 
infection affects some 50 million people annually, 
unfortunately there is no specific drug to treat dengue fever. 
In 2016, WHO reported Zika virus was first identified in 
Uganda in 1947 in monkeys. In India, 2017, the Ministry of 
Health and Family Welfare-Government of India (MoHFW) 
reported three laboratory-confirmed cases of Zika virus 
disease in Bapunagar area, Ahmedabad District, Gujarat 
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States [7]. 
 
Virus multiplies utilizing the host’s genome. Reverse 
transcriptase permits the viral nucleic acid to integrate with 
the host genome. When they enter into a cell, it takes over its 
protein synthesis machinery, assembling several viral 
particles. Some virulent viruses harm the cells by causing 
lysis, exhibiting a lytic life cycle. Some viruses persist in the 
cell for a long time by the integration of its genome with the 
host genetic material. This process is known as lysogenic life 
cycle. Thereby they invade living organisms and become a 
great threat. In order to broaden their protein synthesis, 
they undergo stop codon readthrough process. Translation 
of transcript into a polypeptide is high accurate process. 
Termination of protein synthesis is not 100% effectual [8]. 
The readthrough mechanism enables the ribosome to pass 
through the termination codon in mRNA and continues 
translation to the next stop codon in the reading frame. The 
translational process proceeds, and peptide chain grows 
further yielding a nascent protein product with a modified 
structure which lacks normal functionality. Such extended 
polypeptides interfere normal cellular processes. The 
translational read-through arose as a chief regulatory 
mechanism influencing hundreds of genes. The release 
factors eRF1 and eRF3 mediate translational termination [9]. 
The codons UAA, UGA and UAG do not code any amino acids, 
but acts as translation termination signals. The efficiency of 
translational termination depends on competition between 
detection of stop codon by class I release factors and 
decoding by a near-cognate tRNAs. Jungreis et al., (2016) 
[10] reported the abundance of stop codon readthrough via 
evolutionary signatures. The translational readthrough relies 
on several natural factors, including the nature of 
termination codon, surrounding mRNA sequence, and 
presence of stimulating compounds. Arribere et al., (2016) 
[11] interpreted that translation mechanism would fail to 
terminate while reaching a stop codon, producing nascent 
proteins.  
 
Despite the fact, the known mechanisms of translational 
surveillance were inadequate to guard cells from potential 
predominant consequences. Jungreis et al., (2011) [12], 
employed a comparative genomic study and verified the 
existence of abundant readthrough event in Drosophila 

melanogaster and suggested that they are functionally 
significant. Steneberg and Samakovlis (2001) [13] has 
investigated that translational regulation is the effective 
means to control the production of polypeptides in 
headcase (hdc) mRNA in Drosophila. Such readthrough is 
required for the function of hdc as a branching inhibitor in 
tracheal development. Prior investigations demonstrated 
that stop codons are usually suppressed at a frequency of 
0.001%–0.1% [14]-[16]. The suppression of stop codon 
takes place when a near-related aminoacyl-tRNA pair with a 
stop codon forming codon–anticodon complex. This permits 
its amino acid to be erroneously incorporated into the 
peptide sequence and the subsequent extension of 
translation beyond the termination signal. Several studies 
showed that a cytidine 3′-adjacent to the stop codon 
stimulate readthrough process in prokaryotes and 
eukaryotes [17], [18]. Firth and Brierley (2012) [19] have 
reviewed over the readthrough mechanism is well-known in 
viral decoding, particularly RNA viruses and employs 
extensively to develop their gene expression. 
 

Viral genome consists of 5’ UTR or leader sequence, start 
codon, exon, a stop codon either UAA, UGA or UAG followed 
by 3’ UTR region or trailer sequence. Usually, 3’ UTR ranges 
from 50-250 nucleotides long. The extended translation 
beyond stop codon thereon produces longer polypeptides 
with altered functions. Babu et al., (2011) [20] proved that 
intrinsically disordered proteins (IDPs) are enriched in 
regulatory functions since they allow interaction with 
several other proteins and responsible for many diseases. 
The newer proteins produced were utilized for viral 
proliferation. 3’ end-regions of their stop codon and 3’ 
structural elements are well known inducers of functionally 
utilized readthrough. In order to block the viral replicating 
machinery, it is indispensable to analyze their 3’UTR regions. 
Translational readthrough is similar to alternative splicing 
[21]. 
 

Thus, stop codon readthrough provide an alternative way for 
organisms to tune their gene expression and functions of 
their protein products, throughout the lifetime of an 
individual, which also leads to an evolution of a species. In 
this study, we employed a computational strategy 
comprising finding of protein motifs and homologs in 
3’UnTranslated Region of virus genes. They further 
confirmed the read through process by predicting the 
secondary structure for the RNA via computing its stability. 
The ultimate way of eradicating these viruses is to analyze 
their genome and to re-design the drug appropriately. The 
main motive of this work is to predict the stop codon 
readthrough in 3’untranslated regions of human viral genes 
through insilico approach. And so, we attempted to unravel 
this readthrough mechanism in human viral genes. 
 

Materials and methods 

About 22 human infecting viruses were chosen for the study. 
The complete genomic data of the viruses were retrieved 
from NCBI genome database and the 3’ Untranslated 
sequences were extracted. Sequence length of 3’UTR region 
varies with species. The end of 3’UTR is recognized by a 
sequence of polyA tail. They were submitted in Six frame 
translation tool and translated to all reading frames. Then 
the translated proteins were analyzed to know their 
functionality. The proteins obtained from all frames were 
submitted in InterProscan database for the search of motifs. 
The methodology is depicted in the following flowchart: 
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Finn et al., (2017) [22] has developed InterPro, a freely 
available database, the underlying software allows both 
protein and nucleic acid sequences to be compared against 
InterPro’s predictive models, which are provided by its 
member databases. The 3’ untranslated sequences of the 
viruses were submitted to NCBI’s BlastX tool. The nucleotide 
query is translated, and the subsequent protein was 
searched against the non-redundant database, reference 
protein sequence database and UniProt databases. Resulting 
homologous proteins predict the structure and functionality 
of the translated protein. Under appropriate conditions, the 
RNA folds to form a secondary structure and becomes 
functional. The functional potential of the protein is 
determined by its structural stability. Therefore, the stability 
of the 3’UTR region can be determined using RNAFold 
webserver.  
 

Tools and Databases 
GenBank constitutes an annotated assemblage of all publicly 
available genome sequences. Altschul et al., (1990) [23] have 
developed Basic local alignment search tool (BLAST), an 
approach for rapid sequence comparison, approximates local 
similarity, the maximal segment pair (MSP) score. InterPro is 
a web-resource that classifies proteins into families and 
identifies domains and functional sites. By uniting the 
member databases, it emerges as a powerful diagnostic tool 
and integrated resource for functional annotation. Zuker and 
Stiegler (1981) [24] have developed a tool for folding RNA 
molecule which finds a minimum free energy confirmation 
using published stacking values and destabilizing energies, 
based on dynamic programming algorithm, which is more 
efficient, faster, and can fold larger molecules. Up to the 
present, RNA secondary structures have been predicted by 
applying various topological and thermodynamic rules to 
find energetically most favorable structure for a given 
sequence. Hofacker (2003) [25] developed Vienna RNA 
secondary structure server providing for the analysis of RNA 
secondary structures. This RNAfold web server predicts 
secondary structures of single stranded RNA or DNA 
sequences. The Functional translational readthrough (FTR) 
creates functional extensions to proteins by continuing 
translation of the mRNA downstream of the stop codon [26]. 
Loughran et al., (2018) [27] experimentally investigated the 
readthrough of Vitamin D receptor (VDR) mRNA in 
mammalian genes. Efficiency of eukaryotic translational 
termination is influenced by the nucleotides of Ribosomal 
mRNA [28]. Therefore, unraveling the disordered 
complement of proteomes and understanding their function 
can extend the structure-function paradigm to herald new 
breakthrough in drug development.  
 

RESULTS AND DISCUSSION 

A. Parsing of genomic information of selected human 

infecting viruses  

In accordance with the Baltimore classification of viruses, 
human viruses belonging to Group I, Group IV and V viruses 
were taken for the study. 22 human infecting viruses were 
selected. The complete genomic information of the selected 
human viruses was retrieved from NCBI genome database 
and depicted in table-1. The pathology of the selected viruses 
is gathered from literatures and clinical case reports and 
were presented in table -2.  
 

B. Retrieval of 3’ UTRs of selected human virus 

Viral genome consists of genes encoding proteins which are 
responsible for replication and structural/Non-structural 

components. A total of 12 viruses including Aichi virus 1, 
Cosa virus A, Dengue virus 1, Duvenhage lyssavirus, 
Enterovirus A, Hepatitis GB virus B, Human cosavirus, 
Human pegivirus 2, Langat virus, Parechovirus, WestNile 
virus and Zika virus were analyzed for a stop codon read 
through. The genomic data of these 12 viruses viz.,number of 
genes, their coding context, 3’ untranslated regions, gene ID, 
protein product and their protein ID were retrieved and 
depicted in table - 3. The length of the 3’UTR ranges between 
52 and 630. Longest 3’ UTR is seen in WestNile virus having 
630 bases. The nucleoprotein gene of duvenhage lyssavirus 
has the smallest 3’UTR of 52 bases. 
 

C. Identification of stop codon read through candidates 

Initially, the 3’ untranslated regions of the chosen human 
viruses were translated into all reading frames. The 
corresponding protein sequences obtained were submitted 
to Interproscan tool for the search of motifs. Table - 4 shows 
the results obtained from InterProScan. The obtained 
proteins were found to be intrinsically disordered protein, 
Cytoplasmic domain, Non-cytoplasmic domain, TM helix and 
signal peptides. Disorder protein is one which does not have 
a defined 3D Structure [29], [30], yet it is involved in 
signaling and regulatory functions [31]. These are highly 
conserved over species [32]. Most of the 3’UTR of viral genes 
were predicted to contain cytoplasmic domains which are 
reported to engage in multiple roles such as viral replication 
and cell-cell spread in Herpes simplex virus [33]. Similarly, 
disordered proteins identified in Zika virus were found to 
perform particle formation and replication [34]. These 
studies serve as strong evidence for proteins which explored 
in viruses have occurred due to readthrough process. To 
further confirm the readthrough, homologous protein search 
for the genes encoded by the virus was performed. The 
readthrough process leads to error in translational process 
[35]. Along with the tRNAs, release factors are also tangled in 
readthrough events [36]. Stop codon is the key determinant 
of translation termination in both prokaryotes and 
eukaryotes [37]. Intrinsic disorder-focused investigation of 
viral proteome is significant for the development of 
disorder-based drugs. Petroczy et al., (2017) [38] reported 
that the protein flexibility ranges from simple hinge 
movements to functional disorder. Tompa et al., (2014) [39] 
has analyzed that majority of the bio-molecular interactions 
in all cellular processes is mediated by compact segments, 
referred to as motifs. Such motifs are typically less than ten 
residues in length, occur intrinsically disordered regions, 
and are post-translational modified by structured domains 
of the interacting partner. They enable both high functional 
diversity and functional density to polypeptide domains 
containing them. 
 

D. Homologous protein search 

The results of homologous protein search through BLASTX 
are presented in table - 5. Through BlastX 9 homologous 
proteins to the stop codon readthrough candidates were 
identified.  
 
The +3 frame of the 3’UTR of the Polyprotein of Aichi virus 1 
share 46% identity with Imidazole glycerol phosphate 
synthase subunit HisF [IGPS] of Acidovorax citrulli with a 

query coverage of 30%. The Imidazole glycerol phosphate 
synthase subunit HisF has imidazoleglycerol-phosphate 
synthase activity and lyase activity. The -3 frame of the 
Duvenhage lyssavirus matrix protein gene has a homologous 
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protein of Nitrate ABC transporter substrate-binding protein 
in Corynebacterium stationis with an identity of 41% with the 
highest query coverage of 72%. Its +1 frame of the 
glycoprotein gene has a homologous protein of 50S 
ribosomal protein L27 in Helicobacter pylori with an identity 

of 41%. It is a ribonucleo protein which aids in translation 

process. The -1 frame of the 3’UTR of Dengue virus 1 has a 

homologous protein of 3-isopropylmalate dehydratase large 
subunit 2 from Deinococcus radiodurans with an identity of 

29%. They have 3-isopropylmalate dehydratase activity, metal 

ion binding and lyase activity. The +1 frame of the 3’UTR of the 

polyprotein from Enterovirus A has a homologous protein of 

Putative fimbrial assembly protein FimD, serogroup D of 
Dichelobacter nodosus with an identity of 57%. It is involved in 

fimbrium biogenesis. The -1 frame of the 3’UTR of the 

polyprotein from the Human pegivirus 2 has a homologous 

protein, DNA replication and repair protein RecF in Rickettsia 

massiliae with an identity of 35%. It is involved in DNA 

replication and repair mechanism and has single-stranded 

DNA binding ability. The -2 frame of the 3’UTR of the 

polyprotein from Langat virus has a homologous protein, 

UDP-glucuronosyltransferase 2B7 precursor, putative of 
Pediculus humanus corporis with an identity of 31%. It is 
involved in metabolic process and has 
glucuronosyltransferase activity. The +3 frame of the 3’UTR 
of flavivirus polyprotein from West nile virus has a 
homologous protein, Replication origin-binding protein in 
Equine herpesvirus 1 with an identity of 45%. This protein 

Functions as a docking protein to recruit essential 
components of the viral replication machinery to viral DNA 
origins. The +1 frame of the 3’UTR from Zika virus has a 
homologous protein, Adenosine deaminase of Arthrobacter 

sp. H14 with an identity of 37% and query coverage of 45%. 
It has the Adenosine deaminase activity. Thus, we found that 
the translated 3’ UTR were probable to produce these similar 
proteins.  
 

E. Prediction of secondary structure 

Hofacker and Stadler (2008) [40] have reported that the 
RNA folding can be regarded as a hierarchical process in 
which secondary structure forms before tertiary structure. 
Secondary structures are highly conserved in evolution for 
many classes of RNA molecules. The understanding of 

structure of a biomolecule provides a principle way to know 

about its function and so the secondary structure of the RNA 

was predicted using RNAFold tool. The selected 12 human 

viruses have single-stranded RNA as their genetic material. 

From the above analysis, it was proven that the viruses 

undergo stop codon translational readthrough beyond the 3’ 

UTR regions and encodes some proteins in certain reading 

frames. To know its functional ability, the stability of the 

structure is predicted. The stable biomolecule could perform 

various cellular functions. These 3’ non-coding regions of the 

chosen 12 human virus’s genome forms the secondary 

structural components such as stem, pseudoknots, bulge loops, 

hairpin loops, multi-loops with branches and internal loops. 

The energy values of the predicted RNA structure are 

presented in table - 6. The stability of the structure was 

calculated using the free energy calculation of thermodynamic 

ensemble. It could be found from the table that the RNA 

predicted from the 3’UTR of Polyprotein gene from Langat 

virus has the lowest free energy of -221.30. The RNA from 

3’UTR of flavivirus polyprotein from West nile virus (-203.90 

kcal/mol), flavivirus polyprotein from Zika virus (-171.90 

kcal/mol), flavivirus polyprotein from Dengue virus (-152.40 

kcal/mol), polyprotein from Human pegivirus 2 (-144.80 

kcal/mol), flavivirus polyprotein from Hepatitis GB virus B (-

136.10 kcal/mol), glycoprotein from Duvenhage lyssavirus (-

117.50 kcal/mol) and polyprotein from Aichi virus 1 (-70.70 

kcal/mol) follow the order. The predicted RNA structures are 

displayed in Figure below:  
 

F. Strong Read through candidates 

The viruses may undergo translation afar 3’ untranslated 
regions and encode certain proteins that play inevitable role. 
The existence of motifs and homologs for the 3’UTR along 
with a stable RNA structure is strong evidence that read 
through process has occurred. In this way, we identified 5 
strong readthrough candidates in the 12 selected human 
viruses. In Aichi virus 1, the +3 frame of the 3’UTR of 
polyprotein gene had a disorder protein motif and was 
homologous to Imidazole glycerol Phosphate synthase 
protein. The free energy of its predicted RNA was found to 
be -70.70 kcal/mol confirming readthrough process. In 
Duvenhage lyssavirus, the +1 frame of the 3’ UTR region of 
the glycoprotein gene has motifs such as cytoplasmic 
domain, non-cytoplasmic domain, TM helix and 
transmembrane region. The BlastX homologous search 
found a hit sequence, 50S ribosomal protein L27 of 
Helicobacter pylori in the same frame. Its predicted RNA 

structure has a free energy of -117.50 kcal/mol and thus a 

strong evidence for readthrough process. The -1 frame of the 

3’UTR of polyprotein gene from Human pegivirus 2 has a motif 

and a homolog DNA replication and repair protein. Its RNA 

secondary structure has a free energy of -144.80 kcal/mol 

which is a stable structure. Hence, polyprotein 3’UTR from 

Human pegivirus is a strong read through candidate. The +3 

frame of the 3’UTR of flavivirus polyprotein from WestNile 

virus has a motif and a homolog, replication origin-binding 
protein. They have a stable RNA secondary structure has a 

free energy of -203.90 kcal/mol. Hence, flavivirus polyprotein 

3’UTR from Human pegivirus is a strong read through 

candidate. The motifs predicted in the Zika virus are non-
cytoplasmic domain, signal peptide C-region, signal peptide 
H-region, signal peptide N-region, signalP-TM, signalP- noTM 
and mobiDB-lite (disorder prediction) in +1 frame. The 
homolog found in this frame is adenosine deaminase of 
Arthrobacter sp. H14. Its RNA secondary Structure has a free 
energy of -171.90 kcal/mol and is a stable structure. Thus, 
3’UTR of the flavivirus polyprotein from Zika virus is a 
strong read through candidate. 
 

CONCLUSIONS 

It is evident that the viruses suppress the termination signals 
and extends their translation process along the 3’ non-
coding region. The stop codon readthrough candidates were 
confirmed in all the above investigation. The newer proteins 
synthesized were utilized for the viral replication and 
virulence potential. The present work has resulted in the 
identification of 5 readthrough candidates in selected 
Human viruses the method had three levels of investigation 
namely motif, homolog and RNA secondary structure for the 
occurrence of stop codon readthrough process. More 
importantly, the homology of these candidates to other 
species indicates that the products are functional. Further, 
the readthrough candidates can be evaluated by in vivo 
experiments that prove the presence of C-terminus proteins 
that correspond to first and second stop codons. This 
method could identify readthrough candidates for only the 
known motifs. As the number of known motifs increase, 
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there will be an increase in number of readthrough 
candidates. Similarly, the readthrough candidates have 
occurred in the different reading frame from that of the first 
stop codon which provides a strong evidence for 
readthrough mechanism. Viruses employs stop codon 
readthrough as an alternative translational strategy. The 
analysis of conserved protein coding signatures that extend 
beyond annotated stop codon could predict readthrough 
genes, all of which could be validated experimentally. Finally, 
the functional importance of the readthrough candidates 
gives more clues to prove the expression of these 
readthrough events. In future anti-viral drugs could be 
designed to suppress this readthrough mechanism and 
against their synthesized abnormal virulent proteins could 
serves as an eternal solution to eradicate viral invasions. the 
method had three levels of evidence namely motif, homolog 
and RNA secondary structure for the occurrence of stop 

codon readthrough process. More importantly, the homology 
of these candidates to other species indicates that the 
products are functional. Further, the readthrough candidates 
can be evaluated by in vivo experiments that prove the 
presence of C-terminus proteins that correspond to first and 
second stop codons.  
 
This method could identify readthrough candidates for only 
the known motifs. As the number of known motifs increase, 
there will be a increase in the number of readthrough 
candidates. Similarly, the readthrough candidates have 
occurred in the different reading frame from that of the first 
stop codon which provides a strong evidence for frameshift 
mechanism. Finally, the functional importance of the 
readthrough candidates gives more clues to prove 
experimentally the expression of these readthrough events. 

 

SUPPLEMENTARY TABLES: 
Table – 1: Human infecting viruses 
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Table – 2: Pathology of human infecting viruses 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table – 3: Genomic data on 3’UTR of selected Human 

viruses 
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Table – 4: Results of InterProScan 

 
 

 

 

 

 

 

 

 

 

Table -5: BlastX results 

 

 
 

Table – 6: Thermodynamic Free energies of predicted 

RNA structures 
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RNA secondary structures of translated UTRs: 

 
Figure (labelled along left to right) – RNA secondary structure of 3,UTR of flavivirus polyprotein gene from Zika virus, 

Aichi virus, Matrix protein gene from Duvenhage lyssa virus, Popyprotein gene from Enterovirus A, Polyprotein gene from 
human Cosavirus, Glycoprotein gene from Duvenhage Lyssa virus, Flavivirus polyprotein gene from Dengue virus 1, 

Flavivirus polyprotein gene from Hepatitis GB virus B, Polyprotein gene from Cosavirus, Polyprotein gene from 
Parechovirus, Duvenhage Lyssa viral genome, flavivirus polyprotein gene from HepatitisGB virus B, polyprotein gene from 

Human pegivirus, polyprotein gene from Langat virus. 
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