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ABSTRACT 
Introduction: SARS-CoV-2 has crossed the species barrier to infect human. It 
is a rapidly spreading virus that has poses a significant public threat and is a 
considerable burden on the global economy and human health. Objective: We 
characterized the nucleocapsid phosphoprotein (N), membrane protein (M), 
and envelope protein (E) genes of Indonesian isolates to investigate genetic 
composition, predict B-cell epitopes, and construct a molecular phylogenetic 
tree. Methods: In the present work, we retrieved the sequences of 16 
Indonesian isolates from the GISAID EpiCoV and the Wuhan-Hu-1 isolate 
(reference sequence) from GenBank, NCBI. We used MEGA X to identify 
mutations in the three structural protein genes and to construct a molecular 
phylogenetic tree. The IEDB was employed to reveal the linear B-cell epitopes 
and other parameters. Allergenicity prediction was evaluated using AllerTOP 
and ToxinPred was performed to analyze non-toxic antigen prediction. 
Results: In this study, we report the genetic composition of three structural 
protein genes in Indonesian SARS-CoV-2 isolates. Furthermore, we identified 
the peptide RRGPEQTQGNFGDQELIRQGTDYK from nucleocapsid 
phosphoprotein to generate a peptide-based vaccine contrary to SARS-CoV-2. 
Conclusion: In summary, we propose a candidate for a peptide-based vaccine 
contrary to SARS-CoV-2. However, advance trials such as in vitro and in vivo 
testing are involved for validation.  
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INTRODUCTION 
SARS-CoV-2 is the seventh coronavirus that has crossed 
the species barrier to infect human. The virus was first 
declared in China in 2019 and appeared sporadically all 
over China and many other nations worldwide1. In March 
2020, the WHO declared that the infection was a 
pandemic. The sudden outbreak and quick deployment of 
COVID-19 have endangered the global health and 
economy. This crisis has called for extensive scientific 
mobilization for studies on SARS-CoV-2 concerning its 
characteristics, mechanism of transmission, and clinical 
aspects, with the ultimate aim of counteracting the 
devastating outcomes2,3. At present, the virus has infected 
approximately 20 million people globally with more than 
750,000 global deaths. In Indonesia alone, there are more 
than 120,000 cases and around 6,000 deaths. These data 
are based on the Johns Hopkins University online website 
that tracks COVID-19 cases globally in real-time4. 
Animals and humans can be infected by coronaviruses. 
The coronavirus family is composed of four different 
genera: Alpha-, Gamma-, Beta-, and Deltacoronavirus. 
Alphacoronavirus and Betacoronavirus infect animals and 
humans, whereas Deltacoronavirus and 
Gammacoronavirus infect only animals. SARS-CoV-2 
belongs to Coronaviridae (Betacoronavirus), a family that 
has formerly caused epidemics, SARS-CoV-1 and MERS-
CoV5. SARS-CoV-2 genome is single-stranded positive-
sense RNA roughly 30,000 nucleotides. This genome 
encodes four structural proteins: spike (S), nucleocapsid 

(N), membrane (M), and envelope (E)6. Zeng et al. 
mentioned that the nucleocapsid phosphoprotein is a very 
immunogenic and plenteously expressed protein 
throughout infection7. The nucleocapsid phosphoprotein 
is regularly applied in serological evaluation or vaccine 
construction8. Today, a small number of researches 
concentrate on the nucleocapsid phosphoprotein, and an 
updated concept of the Indonesian isolates nucleocapsid 
phosphoprotein is in urgent need. However, there are no 
reports about the Indonesian SARS-CoV-2 envelope and 
membrane proteins. 
The molecular epidemiological data of the SARS-CoV-2 in 
Indonesia remains unclear. Research on molecular 
epidemiology is a vital instrument for observing new 
emerging viruses. There is a need to establish further 
studies in molecular epidemiology to understand the 
probable impact of the disease9. In addition, Indonesia is 
one of the ASEAN that have informed the entire series of 
SARS-CoV-2 genomes in their respective areas. Currently, 
scientists are attempting to generate vaccines against 
SARS-CoV-2 worldwide, with protein-based vaccines 
becoming one of the most advanced types and the private 
sector is at the forefront of this study10. Although Jean et 
al. have published the treatment options against COVID-
19, presently there are no approved drugs or vaccines 
against the virus11. In the present study, we characterized 
the nucleocapsid phosphoprotein, envelope protein, and 
membrane protein genes of Indonesian SARS-CoV-2 
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isolates to investigate genetic composition, predict the B-
cell epitopes, and construct a molecular phylogenetic tree. 
 
Materials and Methods 
Indonesian SARS-CoV-2 isolates and preparation 
We retrieved Indonesian virus isolates from the database 
(GISAID EpiCoV) and used the reference virus (Wuhan-

Hu-1) extracted from GenBank, NCBI (Table 1). In this 
study, we characterized genes encoding envelope protein 
(228 bp), membrane protein (669 bp), and nucleocapsid 
phosphoprotein (1260 bp). The translation process and 
multiple sequence alignment were completed by 
performing MEGA X. 

 
Table 1. Indonesian SARS-CoV-2 isolates extracted from the database. 

 

No Virus Name Sample ID Specimen Source Country 
GISAID 
Clade 

1 Wuhan-Hu-1 
NC_045512.2 

(NCBI Reference 
Sequence) 

Unknown 
Wuhan 
(China) 

- 

2 EJ-ITD2766NT EPI_ISL_458082 
Nasopharyngeal and Oro-

pharyngeal swab 
Surabaya 

(Indonesia) 
GH 

3 EJ-ITD3590NT EPI_ISL_437188 
Nasopharyngeal and Oro-

pharyngeal swab 
Surabaya 

(Indonesia) 
GH 

4 EJ-ITD3101NT EPI_ISL_458083 
Nasopharyngeal and Oro-

pharyngeal swab 
Surabaya 

(Indonesia) 
L 

5 JKT-EIJK04 EPI_ISL_437192 
Nasopharyngeal and Oro-

pharyngeal swab 
Jakarta 

(Indonesia) 
L 

6 JKT-EIJK0317 EPI_ISL_435282 
Nasopharyngeal and Oro-

pharyngeal swab 
Jakarta 

(Indonesia) 
L 

7 JKT-EIJK07 EPI_ISL_467376 
Nasopharyngeal and Oro-

pharyngeal swab 
Jakarta 

(Indonesia) 
L 

8 MND-EIJK06 EPI_ISL_467375 
Nasopharyngeal and Oro-

pharyngeal swab 
Manado 

(Indonesia) 
L 

9 JKT-EIJK0141 EPI_ISL_435281 
Nasopharyngeal and Oro-

pharyngeal swab 
Jakarta 

(Indonesia) 
L 

10 SMR-EIJK05 EPI_ISL_467374 
Nasopharyngeal and Oro-

pharyngeal swab 
Samarinda 
(Indonesia) 

L 

11 EJ-ITD1273NT EPI_ISL_458081 
Nasopharyngeal and Oro-

pharyngeal swab 
Pasuruan 

(Indonesia) 
L 

12 EJ-ITD1238Sp EPI_ISL_458079 
Nasopharyngeal and Oro-

pharyngeal swab 
Surabaya 

(Indonesia) 
L 

13 JKT-EIJK03 EPI_ISL_437191 Nasopharyngeal swab 
Jakarta 

(Indonesia) 
L 

14 EJ-ITD853Sp EPI_ISL_437187 Sputum 
Surabaya 

(Indonesia) 
L 

15 JKT-EIJK02 EPI_ISL_437190 Nasopharyngeal swab 
Jakarta 

(Indonesia) 
L 

16 JKT-EIJK2444 EPI_ISL_435283 Nasopharyngeal swab 
Jakarta 

(Indonesia) 
O 

17 JKT-EIJK01 EPI_ISL_437189 
Nasopharyngeal and Oro-

pharyngeal swab 
Jakarta 

(Indonesia) 
L 

 
Genetic composition and mutation analysis 
In addition, we analyzed the similarity of three structural 
protein genes (nucleocapsid phosphoprotein, membrane 
protein, and envelope protein) in the Indonesian isolates 
using the default threshold in the LALIGN web server12. 
Then, we evaluated the genetic and amino acid mutations 
of these genes by using MEGA X software.  
 
Epitope prediction analysis 
B-cell epitopes prediction of three structural protein genes 
of the Indonesian isolates was done by applying the IEDB. 
Then, we performed other parameters such as the 
Kolaskar and Tongaonkar antigenicity prediction, Karplus 
and Schulz flexibility prediction, Parker hydrophilicity 
prediction, Emini surface accessibility prediction, and 
Chou and Fasman beta-turn prediction using default 
thresholds13. Next, we submitted the predicted peptides to 
the VaxiJen to determine whether the predicted epitopes 

could be prospective protective antigens that would 
establish an immune response. 
 
Allergenicity prediction and protective non-toxic 
antigen prediction analysis 
In this study, an extensive analysis of the allergenicity 
prediction of the predicted peptides was conducted using 
AllerTOP with default settings. We submitted the 
predicted peptides to this web server as demonstrated by 
Peele et al.14. Then, we predicted protective non-toxic 
antigens performing ToxinPred. We used standard 
thresholds as reported by Gupta et al.15. 
 
Molecular phylogenetic construction 
We constructed molecular phylogenetic designing and 
tree visualization by applying MEGA X on the three 
structural genes of the Indonesian SARS-CoV-2 isolates 
with the ML approach. The molecular phylogenetic 
construction was deduced by using 1000 bootstrapped 
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input datasets and cross-referenced with the Tamura–Nei 
substitution model16. 
 
Results 
We generated a schematic diagram of a 3D visualization of 
three structural proteins in the Indonesian isolate (JKT-
EIJK0317). The protein model was rendered using the 
SWISS-MODEL web server and edited using BioRender 
(Figure 1). In addition, we evaluated the nucleotide and 

amino acid mutation sites of the Indonesian isolates in 
Table 2. B-cell epitopes and protective antigens prediction 
of the Indonesian SARS-CoV-2 isolates and the 
allergenicity and toxin prediction analysis are shown in 
Table 3. In Figures 2–4, we demonstrate the B-cell epitope 
prediction of the Indonesian SARS-CoV-2 isolates using the 
IEDB web server. In addition, molecular phylogenetic 
analysis of the Indonesian SARS-CoV-2 isolates is shown in 
Figures 5–7.

 
 

 
Figure 1. A diagram of the 3D structure visualization of three structural proteins of the Indonesian SARS-CoV-2 isolate (JKT-

EIJK0317). A: Membrane protein, B: Envelope protein, and C: Nucleocapsid phosphoprotein. This protein model was 
rendered using the SWISS-MODEL web server and edited using BioRender. 

 
Table 2. Mutation sites in membrane protein and nucleocapsid phosphoprotein of the Indonesian SARS-CoV-2 isolates. 

 

No Virus Name 

Nucleotide Position Amino Acid Position 
Membrane 

Protein Gene 
Nucleocapsid Phosphoprotein Gene Nucleocapsid 

Phosphoprotein Gene 
213 945 1041 347 

1 
Wuhan-Hu-1 
(Reference) 

C C A K 

2 EJ-ITD2766NT T C A K 
3 EJ-ITD3590NT T C A K 
4 EJ-ITD3101NT C T A K 
5 JKT-EIJK04 C C T N 
6 JKT-EIJK0317 C C A K 
7 JKT-EIJK07 C C A K 
8 MND-EIJK06 C C A K 
9 JKT-EIJK0141 C C A K 

10 SMR-EIJK05 C C A K 
11 EJ-ITD1273NT C C A K 
12 EJ-ITD1238Sp C C A K 
13 JKT-EIJK03 C C A K 
14 EJ-ITD853Sp C C A K 
15 JKT-EIJK02 C C A K 
16 JKT-EIJK2444 C C A K 
17 JKT-EIJK01 C C A K 
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Table 3. B-cell epitopes and other prediction analyses in the Indonesian SARS-CoV-2 isolates. 

 

No Gene Peptide Position Length 
Protective 
Antigens 

Prediction 

Allergenicity 
Prediction 

Toxigenicity 
Prediction 

1 Envelope Protein 
YVYSRVKNLNSSRV

P 
57-71 15 

0.4492 
(Probable 
Antigen) 

Probable Non-
Allergen 

Probable Non-
Toxin 

2 

Membrane Protein 

NGTITVEELKKLLEQ
W 

5-20 16 
-0.1969 

(Probable Non-
Antigen) 

Probable 
Allergen 

Probable Non-
Toxin 

3 KLGASQRVAGDS 180-191 12 
0.0439 

(Probable Non-
Antigen) 

Probable Non-
Allergen 

Probable Non-
Toxin 

4 
YRIGNYKLNTDHSSS

SDNIA 
199-218 20 

0.2216 
(Probable Non-

Antigen) 

Probable 
Allergen 

Probable Non-
Toxin 

5 

Nucleocapsid 
Phosphoprotein 

NGPQNQRNAPRI 4-15 12 
0.1648 

(Probable Non-
Antigen) 

Probable 
Allergen 

Probable Non-
Toxin 

6 
FGGPSDSTGSNQNG
ERSGARSKQRRPQG

LPNN 
17-48 32 

0.2916 
(Probable Non-

Antigen) 

Probable 
Allergen 

Probable Non-
Toxin 

7 

HGKEDLKFPRGQGV
PINTNSSPDDQIGYY
RRATRRIRGGDGKM

KDLS 

59-145 47 
0.5773 

(Probable 
Antigen) 

Probable Non-
Allergen 

Probable Non-
Toxin 

8 AGLPYGANK 119-127 9 
0.2631 

(Probable Non-
Antigen) 

Probable Non-
Allergen 

Probable Non-
Toxin 

9 
GALNTPKDHIGTRN
PANNAAIVLQLPQ 

137-163 27 
-0.1089 

(Probable Non-
Antigen) 

Probable 
Allergen 

Probable Non-
Toxin 

10 

TTLPKGFYAEGSRG
GSQASSRSSSRSRNS
SRNSTPGSSRGTSPA

RMAGNGGD 

165-216 52 
0.5206 

(Probable 
Antigen) 

Probable 
Allergen 

Probable Non-
Toxin 

11 
RLNQLESKMSGKGQ
QQQGQTVTKKSAAE
ASKKPRQKRTATKA 

226-267 42 
0.5627 

(Probable 
Antigen) 

Probable Non-
Allergen 

Probable Non-
Toxin 

12 
RRGPEQTQGNFGDQ

ELIRQGTDYK 
276-299 24 

0.6277 
(Probable 
Antigen) 

Probable 
Allergen 

Probable Non-
Toxin 

13 

DAYKTFPPTEPKKD
KKKKADETQALPQR
QKKQQTVTLLPAAD

LDD 

358-402 45 
0.4968 (Probable 

Antigen) 
Probable 
Allergen 

Probable Non-
Toxin 

14 SKQLQQSMSSADS 404-416 13 
0.3724 

(Probable Non-
Antigen) 

Probable Non-
Allergen 

Probable Non-
Toxin 
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Figure 2. Prediction of B-cell epitopes in the Indonesian SARS-CoV-2 envelope protein using different parameters. A: 
BepiPred linear epitope prediction 2.0 (threshold: 0.500), B: Chou and Fasman beta-turn prediction (threshold: 0.883), C: 
Emini surface accessibility prediction (threshold: 1.000), D: Karplus and Schulz flexibility prediction (threshold: 0.965), E: 
Kolaskar and Tongaonkar antigenicity prediction (threshold: 1.119), and F: Parker hydrophilicity prediction (threshold: -

0.911). The green area is a negative prediction of a B-cell epitope, whereas the yellow area is a positive prediction. 
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Figure 3. Prediction of B-cell epitopes in the Indonesian SARS-CoV-2 membrane protein using different parameters. A: 
BepiPred linear epitope prediction 2.0 (threshold: 0.500), B: Chou and Fasman beta-turn prediction (threshold: 0.915), C: 
Emini surface accessibility prediction (threshold: 1.000), D: Karplus and Schulz flexibility prediction (threshold: 0.970), E: 
Kolaskar and Tongaonkar antigenicity prediction (threshold: 1.053), and F: Parker hydrophilicity prediction (threshold: 
−0.499). The green area is a negative prediction of a B-cell epitope, whereas the yellow area is a positive prediction. 
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Figure 4. Prediction of B-cell epitopes in the Indonesian SARS-CoV-2 nucleocapsid phosphoprotein using different 
parameters. A: BepiPred linear epitope prediction 2.0 (threshold: 0.500), B: Chou and Fasman beta-turn prediction 

(threshold: 1.070), C: Emini surface accessibility prediction (threshold: 1.000), D: Karplus and Schulz flexibility prediction 
(threshold: 1.035), E: Kolaskar and Tongaonkar antigenicity prediction (threshold: 0.988), and F: Parker hydrophilicity 

prediction (threshold: 2.800). The green area is a negative prediction of a B-cell epitope, whereas the yellow area is a positive 
prediction. 
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Figure 5. Molecular phylogenetic tree of the Indonesian SARS-CoV-2 isolates based on the envelope protein gene. 
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Figure 6. Molecular phylogenetic tree of the Indonesian SARS-CoV-2 isolates based on the membrane protein gene. 
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Figure 7. Molecular phylogenetic tree of the Indonesian SARS-CoV-2 isolates based on the nucleocapsid phosphoprotein 
gene. 
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Discussion 
SARS-CoV-2, a new coronavirus, is deploying worldwide17. 
Since the virus appeared at the market at the end of 2019 
in Wuhan, China18, the number of cases has been 
increasing sporadically19. Furthermore, human-to-human 
transmission of the virus has been confirmed17,18 and the 
possibility of aerosol transmission was noted by the WHO. 
The virus has been discovered in sputum, nasopharyngeal 
swabs, bronchoalveolar-lavage, throat, and saliva17. We 
retrieved 16 Indonesian isolates from the database (Table 
1). These isolates were detected using a nasopharyngeal 
and oro-pharyngeal swab, nasopharyngeal swab, and 
sputum methods and submitted by the Institute of 
Tropical Disease, Universitas Airlangga, Surabaya, 
Indonesia, and the Eijkman Institute for Molecular Biology, 
Ministry of Research and Technology/National Agency for 
Research and Innovation, Jakarta, Indonesia. Thus, we 
conducted a novel investigation on the membrane, 
nucleocapsid, and envelope protein genes of Indonesian 
isolates.  
Many studies have focused on the spike glycoprotein gene 
of the virus20,21,22. However, the other structural protein 
genes urgently need to be investigated in an extensive 
immunoinformatics study. Our genetic analysis has 
discovered many mutation sites in two genes (membrane 
protein and nucleocapsid phosphoprotein genes) and no 
mutation occurs in the envelope protein gene as shown in 
Table 2. However, there were no important alteration in 
the three structural protein genes of Indonesian SARS-
CoV-2 isolates. Moreover, we identified that the genetic 
similarity is between 99.9 and 100% from the LALIGN web 
server analysis. In addition, there were four isolates with 
mutation sites, EJ-ITD2766NT (213C>T), EJ-ITD3590NT 
(213C>T), EJ-ITD3101NT (945C>T), JKT-EIJK04 
(1041A>T). We only found amino acid changes in JKT-
EIJK04 (K347N). Scientists have demonstrated that 
mutations occur in the virus genome globally. Previously, 
Phan et al. performed a genetic analysis in 86 virus 
genomes and reported many mutations. Furthermore, one 
of the most important mechanisms proposed for the 
evolution of viruses in nature is nucleotide substitution17.  
Garcés-Ayala et al. conducted a study with the reference 
sequence to identify the novel SARS-CoV-2 complete 
genome in Mexico23. In line with this, Yadav et al. also 
reported a study using Wuhan-Hu-1 isolates to analyze the 
first two virus isolates from India24. Khailany et al. 
retrieved 94 SARS-CoV-2 genomes and checked the 
molecular variation between them25. Kim et al. revealed 
that the quick transmission and infectivity of the virus 
correlated with specific mutations in the genome26. 
Furthermore, Zhang et al. stated that the spike 
glycoprotein mutation (D614G) is associated with the 
virulence of the virus27. Thus, to our knowledge, this study 
is the first to report the analysis of three structural protein 
genes in SARS-CoV-2 in Indonesia. These data might 
support further studies in the establishment of biological 
aspects of Indonesian SARS-CoV-2. In addition, without 
any experimental data, our interpretation using the 
limited data of Indonesian SARS-CoV-2 isolates will 
potentially benefit continuous and forthcoming research. 
At present, the GISAID EpiCoV database has established 
seven subtypes of SARS-CoV-2, specifically V, S, O, L, GR, 
GH, and G. Uniquely, all Indonesian isolates were 
categorized in the L clade except JKT-EIJK2444 (O), EJ-
ITD2766NT (GH), and EJ-ITD3590NT (GH). 
Duffy stated that the mutation rates in RNA viruses are 
much higher than in most other microorganisms. An 
elevated mutation rate can lead to an increase in virulence 

and a high potential for adaptive evolution. This capability 
boosts the chance of zoonotic viral pathogens to establish 
human-to-human transmission and permits them to 
enhance their virulence28. Moreover, our study provides 
fundamental data for accomplished studies into the 
medication and prevention of COVID-19. Furthermore, the 
Indonesian SARS-CoV-2 genomic data extraction would be 
valuable in vaccine construction and options in 
medication. In fact, mining the data of the Indonesian 
SARS-CoV-2 variants and molecular epidemiology could 
enable the mapping of its origin and the tracking of its 
transmission. In line with this, sequence investigation 
performs an important role in viral surveillance, public 
health policy problems, and host identification. Thus, high-
speed detection of mutations from the Indonesian SARS-
CoV-2 is mandatory in the answer to the COVID-19 
pandemic in Indonesia. 
Epitope prediction studies have been accomplished for 
some viruses, such as the influenza29, dengue30, and 
Ebola31 viruses. In the present study, we developed a 
peptide-based vaccine using B-cell epitopes prediction 
with various parameters following analyses such as 
protective antigens prediction, allergenicity prediction, 
and protective non-toxic antigens prediction. We have 
revealed the epitope prediction of three structural 
proteins in Indonesian SARS-CoV-2 isolates based on the 
IEDB with various parameters such as Parker 
hydrophilicity prediction, Chou and Fasman beta-turn 
prediction, Karplus and Schulz flexibility prediction, 
Kolaskar and Tongaonkar antigenicity prediction, and 
Emini surface accessibility prediction using default 
thresholds (Figures 2–4). We used the VaxiJen v.2.0 for 
predicting the peptides that could be prospective 
protective antigens to establish an immune response 
(Table 3). We used AllerTOP to analyze the predicted 
peptides allergenicity and performed a protective non-
toxic antigen prediction by using ToxinPred (Table 3).  
We propose that the peptide 
RRGPEQTQGNFGDQELIRQGTDYK from nucleocapsid 
phosphoprotein can be used to generate a peptide-based 
vaccine contrary to SARS-CoV-2. Notable epitope 
prediction methods are primary significance in some 
biotechnological and clinical applications, such as 
therapeutic antibody and vaccine initiation, or theoretical 
studies of immune systems10. Presently, research groups 
are racing to develop vaccines against SARS-CoV-2 
worldwide, with protein-based vaccines becoming one of 
the most developed vaccines10. Thereto, Dimitrov et al. 
specified that AllerTOP is an updated effective allergen 
prediction. It analyzes peptides based on the 
physicochemical composition of the protein sequences33. 
In addition, Gupta et al. reported the use of the ToxinPred 
web server for predicting the toxicity of peptides15. Thus, 
we used this to reveal the safety of the predicted peptides 
in this study. 
Elucidating the transmission routes, relationships, and 
origin of the causative agents of emerging infections is 
crucial to understanding the possible approach of 
interference and their biological action. Many scientists 
have established the molecular phylogenetic analysis of 
SARS-CoV-2 with that of previous coronaviruses using 
specific or whole-genome sequences to comprehend 
recombination events and an evolutionary 
chronicle34,35,36. According to the genome isolates of 
coronaviruses presently available, the whole-genome 
phylogenetic tree designates that SARS-CoV-2 is closest to 
Rhinolophus affinis coronavirus RaTG13, followed by 
pangolin coronavirus37. In line with this, Tu et al. stated 
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that SARS-CoV-2 is accepted to have issued in bats and 
may have used pangolins as an intermediate host before 
transmission to humans38. In addition, Zhou et al. stated 
that the SARS-CoV-2 genome shares about 80% of its 
genome to SARS-CoV39. Andersen et al. reported that the 
two probable frameworks that might illustrate the 
emergence of SARS-CoV-237. 
We promoted the molecular phylogenetic tree and 
revealed the relationship between Indonesian SARS-CoV-
2 isolates, other Asian isolates, and other groups of 
coronaviruses originating from humans, pangolins, and 
bats (Figures 5–7). Here, we report the first molecular 
phylogenetic tree of 16 Indonesian isolates based on the 
envelope, nucleocapsid, and membrane protein genes. 
Molecular phylogenetic analysis is used for applied and 
fundamental virus research, including studies of the 
taxonomy, evolution, and origin1. It is fundamental to 
investigate the likelihood of SARS-CoV-2 intermediate 
hosts to understand and contain the transmission of 
COVID-1939. In addition, Lam et al. found that 
coronaviruses currently occur in many wild mammals in 
Asia1. Based on this study, we advise that further 
surveillance investigations be carried out on various 
mammals in their natural environment, including 
pangolins and bats, especially in Asia, to contain the 
chance of future zoonotic transmissions. 
 
Conclusion 
In summary, we propose that the peptide 
RRGPEQTQGNFGDQELIRQGTDYK from the nucleocapsid 
phosphoprotein can be used to generate a peptide-based 
vaccine contrary to SARS-CoV-2. However, further trials 
such as in vitro and in vivo testing are involved for 
validation. 
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