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ABSTRACT 
 
Aims: The study aims to predict in-silico the structural and functional annotation of Tomato 
Chocolate Spot Virus (TCSV) retrieved from Uniprotkb with the accession number C7EXM3.  
Study design:  To use the In-silico approach for the structural and functional annotation of the 
Tomato Chocolate Spot Virus. 
Place and Duration of Study: The research was conducted at the Bioinformatics Unit, Chevron 
Biotechnology Centre, Modibbo Adama University Yola, Nigeria. Between August 2021 to 
September 2021. 
Methodology: The sequence of the Tomato Chocolate Spot Virus was retrieved from Uniprotkb 
with accession number C7EXM3, Physicochemical characteristics were computed using the 
ProtParam tool. The sever SOPMA was used for secondary structure analysis (Helix, Sheets and 
Coils). The tool CELLO v2.5 was used to predict the subcellular localization of the protein. Four 
different Homology Modelling tools (trRosetta, Lomet, RaptorX and IntFOLD5) were used to predict 
the 3D structure of the protein, the quality of the predicted proteins was assessed used 
PROCHECK. Three tools (InterProScan, NCBI conserved domains and Phobius) were used to get 
the possible function(s) of the protein. 
Results: ProtParam tool computed various Physical and Chemical properties such as Molecular 
weight (MW) 20396.96 Daltons, isoelectric point (pI) of 6.92. Instability Index 41.94, and Grand 
Average Hydropathy (GRAVY) -0.503. SOPMA was used for calculating the secondary structure 
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parameters of the protein as Helices (Hh) 43.48%, Extended strands (Ee) 18.48%, Random coils 
(Cc) 38.04%. CELLO v2.5 was used for subcellular localization of the protein, it predicted that the 
protein can be both Nuclear and Cytoplasmic with the reliability of 1.653 and 1.504 respectively. 
Different Homology modelling tools were used to obtain the best 3D structure of the protein. 
Furthermore, PROCHECK was used to assess the quality of the models obtained. Model from 
trRosetta was found to be the best because of the quality of the Ramachandran Plot obtained from 
PROCHECK which has more than 90% of amino acid in the most favourable regions. NCBI-CDD 
and interproScan predicted that protein is a DNA double-strand break repair Rad50 ATPase, which 
is involved in the early steps of DNA double-strand break (DSB) repair. Furthermore, the Phobius 
server predicted the protein to be non-cytoplasmic in its domain, which means they help target 
proteins to their final destinations. 
Conclusion: The study has helped in obtaining the 3D structure of the protein Tomato Chocolate 
Spot Virus from different Modelling tools, as well as the possible function of the protein. 
 

 
Keywords: Functional annotation; Protein structure prediction; Homology modeling; Tomato 

chocolate spot virus. 
 

1. INTRODUCTION  
 
Tomato chocolate spot virus is a new member of 
torradovirus species in the family Secoviridae [1]. 
A chocolate-spot virus is a novel group of 
picorna-like viruses inciting necrosis-related 
diseases of tomatoes in Mexico [tomato apex 
necrosis virus (ToANV) and tomato marchitez 
virus (ToMarV)] and Spain [tomato torrado virus 
(ToTV)] [2]. Nucleic Acids analysis of virions of 
the chocolate-spot associated virus showed the 
genome consist of two single-stranded RNAs of 
~7.5 and ~5.1 kb which corresponds to the 
torradovirus RNA1 and RNA2 [3].    
  
The disease Tomato chocolate spot virus is 
defined by unique necrotic spots on stems, 
leaves and petioles that finally enlarge and result 
in a dieback of apical tissues. This virus is 
transmissible through sap and graft and causes 
disease symptoms in a variety of solonaceous 
plants [2]. The purified virions are icosahedral 
(~28–30 nm) and composed of two single 
stranded RNAs genome similar to the described 
torradoviruses [4]. Thus, the name tomato 
chocolate spot virus (ToCSV) is proposed. 
Determination of ToCSV coat protein three-
dimensional structure is vital for understanding 
its function. However, Experimental 
determination for structural elucidation of the 
virus coat protein structure through Nuclear 
Magnetic resonance (NMR) spectroscopy or X-
ray crystallography is expensive and time 
consuming [5]. Therefore, viable alternatives 
through computational techniques for building 
structural models is very paramount. Protein 
Data Bank (PDB) is a repository for three-
dimensional structural data of large biomolecules 
deposited by Scientists from across the world. 

These structures provide an excellent foundation 
for the functional analysis of experimentally 
derived crystal structures. Thus, help in 
understanding the protein structure function [6]. 
 

There are three types of computational modelling 
for predicting structural protein models: 
homology modelling/comparative modelling, by 
threading and by ab initio/De novo. Among 
computational modelling techniques, homology 
modelling is a renowned silico tool for obtaining 
protein structure models [7]. Homology modelling 
is on the basis that the three-dimensional 
structure of a protein is more conserved than its 
primary structure. Hence, changes in the 
sequence do not always change the structural 
domains of a protein, therefore maintaining its 
original function. It is based on the premise that 
proteins from the same functional family maintain 
their structural domains, which allows for 
comparative modelling by homology [6]. Being 
homologous means that the proteins belong to 
the same genetic and functional family, and 
hypothetically, have the same structural motifs. If 
a specific protein does not have an elucidated 
three-dimensional structure but is homologous to 
a protein with a solved structure, a 3-D structure 
for the sequence can be built using the known 
structure as a template [8]. 
 
The present study is focused on Insilico 
Structural and Functional Annotation of the 
Tomato Chocolate spot Virus. 
 

2. MATERIALS AND METHODS  
 

2.1 Sequence Retrieval 
 

The Amino acids sequence of Tomato Chocolate 
Spot Virus (TCSV) was retrieved from uniprotkb 
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(https://www.uniprot.org/uniprot/C7EXM3) with 
the accession number C7EXM3 
 

2.2 Physicochemical Analysis 
 
The Physicochemical characteristics of the 
Tomato Chocolate Spot Virus (TCSV) such as 
the Molecular weight, atomic composition, amino 
acid composition, theoretical pI, instability index, 
extinction coefficient and grand average of 
hydropathicity was determined using Protparam 
tool (https://web.expasy.org/cgi-
bin/protparam/protparam [9]. 
 

2.3 Secondary Structure Analysis 
 
The server Sopma was used for secondary 
structure prediction (helix, sheets and coils) of 
the protein (https://npsa-prabi.ibcp.fr/cgi-
bin/secpred_sopma.pl) [10].  
 

2.4 Subcellular Localization Prediction 
 
Prediction of Subcellular Localization was carried 
out using CELLO v2.5  
(http://cello.life.nctu.edu.tw/cgi/main.cgi).[11]. 
 

2.5 Homology Modelling and Quality 
Assessment 

 
The 3D structure of the hypothetical protein 
Tomato Chocolate Spot Virus was obtained 
using servers such as trRosetta [12], Lomet [13], 
RaptorX [14], IntFold5 [15]. The Ramachandran 
plots were checked using PROCHECK server 
[16] and visualized using pymol tool. 
 

2.6 Functional Annotation 
 
TCSV hypothetical protein C7EXM3 was 
analysed for the function. Three bioinformatics 
tools and databases including InterProScan [17], 
NCBI Conserved Domains Database (NCBI-
CDD) [18] and Phobius server [19] were utilized 
for this reason.  
 

3. RESULTS  
 
3.1 Sequence Retrieval 
 
The sequence of the hypothetical protein Tomato 
Chocolate Spot Virus (TCSV) was retrieved from 
Uniprotkb with accession number C7EXM3. 
 

3.2 Physicochemical Characteristics 
 
The results presented in Fig. 2 below shows the 
physicochemical properties of the Tomato 
Chocolate Spot Virus amino acid sequence. The 
Molecular weight (MW), the total number of 
positively (+R), negative charged residues (-R), 
theoretical isoelectric point (pI), extinction 
coefficient (EC), aliphatic index (AI) and grand 
average hydropathy (GRAVY) were computed. 
 

3.3 Secondary Structure Analysis 
 
The results presented in Fig. 3 shows the 
SOPMA server which was used for the prediction 
of the secondary structure such as Alpha helix, 
310 helix, Pi helix, Beta bridge, Extended strand, 
Beta turn, Bend region, Random coil, Ambiguous 
states and other states. 

 
 

Fig. 1. Amino acids sequence of TCSV generated from uniprotkb 
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Fig. 2. Physicochemical Characteristics of TCSV generated from ProtParam tool 
 

 
 

Fig. 3. Secondary structure prediction obtained from Sopma 
 

3.4 Subcellular Localization  
 
Fig. 4. showed the Subcellular localization of 
TCSV was predicted using CELLO shows the 
various percentage of protein distributions that 
the protein could fall into. 

 
3.5 Homology Modelling  
 
The results presented in Fig. 5 below, shows 
different Homology Modelling results obtained 
from different Modelling tools. 

Among the Models obtained from the different 
tools, model 1 of trRosetta is considered the best 
model due to the quality that was accessed using 
the Ramachandran plot. 
 

3.6 Functional Annotation 
 

A systematic workflow consisting of several 
Bioinformatics tools and databases was defined 
and used to perform functional annotation of 
TCSV i.e., NCBI-CDD, and InterProScan. It 
suggested that TCSV is a DNA double-strand 
break repair Rad50 ATPase. On a further study, 
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it was analysed that the protein is non-
cytoplasmic in its domain. 

 
4. DISCUSSION 
 
The present study is focused on structural and 
functional annotation of Hypothetical protein 
Tomato Chocolate Spot Virus by searching using 
Uniprotkb server with accession number 
C7EXM3. Fig. 1 shows the amino acids 
sequence retrieved from uniprotkb. 

 
ProtParam tools were used to analyze different 
physicochemical  characteristics  using the 
amino  acid  sequence. The  hypothetical  protein 
TCSV  was  analysed   to  have 184   amino 
acids with a molecular weight of 20396.96 
Daltons and an isoelectric point of 6.92. An 
isoelectric point below 7 indicates a negatively 
charged protein. The instability index was 
predicted to be 41.94 which suggests an 
unstable  protein.  The    negative GRAVY  index 
of -0.503 indicates hydrophilic and soluble 
protein  [20].  The  protein   sequence was   
found to be rich in amino acid serine which 
suggests a  preference for alpha-helices in 3D  
structure [21]. 

 
Secondary structure characteristics were 
predicted using the Sopma server. The protein 
was analysed to contain a high proportion of 
Helices (Hh) at 43.48%, Extended strands (Ee) 
at 18.48% and Random coils (Cc) at 38.04%. 
The percentage of Helices (Hh0 in the structure 

makes the protein more flexible for folding, which 
might increase protein interactions [22,23]. 
 

Subcellular localization is a very important 
property of proteins. Cellular functions are often 
localized in specific compartments. Therefore, 
predicting the subcellular localization of unknown 
proteins could be used to obtained useful 
information about their functions as well as 
understanding disease mechanisms and 
developing drugs (Wang, 2004). The cello tool 
was used to determine the subcellular 
localization of the hypothetical protein. It 
suggests that the protein could both be a Nuclear 
and Cytoplasmic protein [24]. 

 

The main goal of protein modelling is to predict a 
3D structure from the protein’s sequence based 
on templates with an accuracy that is 
comparable to the best results achieved 
experimentally. For this purpose, four (4) 
different homology tools were used to predict the 
3D structure which includes trRosetta, Lomet, 
RaptorX and IntFOLD5. The quality of each 
model was checked by the Ramachandran plot 
obtained from PROCHECK [20]. For a model to 
be considered as a good model, it must have at 
least 90% of its residues in the most favourable 
regions. Ramachandran plot for trRosetta 
showed 92.6% of residues in the most favourable 
region and 7.2% residues in additional allowed 
regions.  Suggesting the model of trRosetta is 
the best among the models obtained. The final 
model was deposited in PDMB and is available 
under I.D: PM0084181. 

 

 
 

Fig. 4. CELLO prediction of Subcellular Localization 



(a) TrRosetta model

(b) Lomet model 

Fig. 5. Models obtained from different Modelling tools
 

Fig. 6. Model of trRosetta and Ramachandran Plot obtained using PROCHECK
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(a) TrRosetta model    (C) RaptorX model 

    d) IntFOLD5 model 
 

Models obtained from different Modelling tools 

 
Model of trRosetta and Ramachandran Plot obtained using PROCHECK
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Model of trRosetta and Ramachandran Plot obtained using PROCHECK 
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Fig. 7. The potential function of TCSV 
 
Currently, there is no known function of TCSV. 
However, three web tools were utilized to to 
search the conserved domains and potential 
function of TCSV. Based on consensus 
prediction made by NCBI-CDD and interproScan 
(Fig 7a and 7b) suggested that TCSV is a DNA 
double-strand break repair Rad50 ATPase, 
which is involved in the early steps of DNA 
double-strand break (DSB) repair [25]. The 
complex may facilitate the opening of the 
processed DNA ends to aid in the recruitment of 
HerA and NurA [26]. Furthermore, the Phobius 
server (Fig 7c) predicted the protein to be a non-
cytoplasmic in its domain, which means they help 
target proteins to their final destinations, as they 
contain a range of targeting signals that function 
to direct them along a targeting pathway [27]. 
 

5. CONCLUSION 
 
The study has helped in obtaining the 3D 
structure of the protein from different Modelling 
tools. Model from trRosetta was selected as the 
best model based on the quality that assessed 
using PROCHECK of having more than 90% of 
amino acids in the most favourable region. It has 
also helped in understanding the function of the 

protein as well as the main target of the protein. 
In addition, the workflow described in this study 
can be used for other Hypothetical proteins. 
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