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Supplementary Table 1: The epitope target and method of prediction in the collected studies. “Others” include the unique methods they used to make predictions. 
Epitope target Predicted 

method 
B 
cell 

T 
cell 

MHC-I MHC-II Validation 
method 

Allergy 
analysis 
method 

Toxicity 
analysis 
method 

Others reference 

Spike 
glycoprotein, 
nucleocapsid 
phosphoprotein
, Orf1ab 

RapidPeptidesG
enerator version 
1.1.0[1]f 

√ √   Blastp(1)    [2] 

nucleocapsid 
phosphoprotein 

   NetMH
C 
4.0[3] ；
NetMH
Cpan 4.0 

NetMHC 
4.0 ；

NetMHCp
an 4.0 

   Base on EBOV vaccine 
preparation experience 

[4] 

Spike protein Bepipred Linear 
Epitope 
Prediction[5] 

√ √   VaxiJen 
v2.0 

AllerTOP 
v2 

ToxinPred 
server 

 [6] 

Spike 
glycoprotein, 
membrane 
protein, 
envelope 
protein, 
nucleocapsid 
protein  

Bepipred Linear 
Epitope 
Prediction 2.0, 
Emini surface 
accessibility 
prediction[7], 
Kolaskar and 
Tongaonkar 

√ √   VaxiJen 
v2.0 

Algpred[9]  For construction of novel 
corona vaccine, the chosen 
adjuvants i.e. L7/L12 
ribosomal protein, beta 
defensin (a 45 mer 
peptide) and HABA 
protein (M. tuberculosis, 
accession number: 

[10] 



Epitope target Predicted 
method 

B 
cell 

T 
cell 

MHC-I MHC-II Validation 
method 

Allergy 
analysis 
method 

Toxicity 
analysis 
method 

Others reference 

antigenicity 
scale[8], ElliPro 
server 

AGV15514.1) were used 

Spike protein, 
membrane 
protein, 
envelope 
protein, 
nucleocapsid 
protein 

RECON[11]  √ RECON RECON Compare 
with VIPR 

   [12] 

Spike protein, 
Envelop 
protein, 
Membrane 
protein, 
Nucleocapsid 
protein 

ElliPro server, 
BCpred 2.0[13] 

√ √  Net MHC 
II pan 
3.2[14] 

VaxiJen 
v2.0 

AllerTOP 
v2 

 To ensure high expression 
of the recombinant vaccine 
in E. coli, codon 
optimization and in-silico 
cloning were also carried 
out 

[15] 

ORF1ab, 
Surface 
protein, ORF3, 
Envelope 
Protein, 

IEDB tool “B 
Cell Epitope 
Prediction 
Tools”, 
Bepipred Linear 

√ √ IEDBtoo
ls 
“MHC-I 
Binding 
Predictio

IEDB tool 
“MHC-II 
Binding 
Predictions
” 

RAMPAG
E analysis 
tool[16] 

AlgPred  ToxinPred 
server 

 [17] 



Epitope target Predicted 
method 

B 
cell 

T 
cell 

MHC-I MHC-II Validation 
method 

Allergy 
analysis 
method 

Toxicity 
analysis 
method 

Others reference 

Membrane 
Protein, ORF6, 
ORF7a, 
ORF7b, ORF8, 
Nucleocapsid 
Protein, ORF10 

Epitope 
Prediction 

ns” and 
“MHC-I 
Processi
ng 
Predictio
ns” 

Spike protein ElliPro server, 
ABCpred 
server[18] 

√ √ IEDB 
server 

IEDB 
server 

    [19] 

Spike protein, 
Envelop 
protein, 
Membrane 
protein, 
Nucleocapsid 
protein 

IEDB server 
Bepipred 2.0 

√ √ Net-MH
C 4.0, 
IEDB 
server 

IEDB 
server, 
RANKPE
P[20] 

RAMPAG
E analysis 
tool, 
VaxiJen 
v2.0 

AllergenFP 
v.1.0[21] 

 Docking of vaccine with 
Toll-Like Receptors 3, 5 
and 8 proved an 
appropriate interaction 
between the vaccine and 
receptor proteins. In silico 
cloning demonstrated that 
the vaccine can be 
efficiently expressed in 
Escherichia coli. 

[22] 

Spike protein, 
nucleocapsid 
protein 

IEDB server  √      To identify the set of 
epitopes associated with 
MHC alleles that would 

[23] 



Epitope target Predicted 
method 

B 
cell 

T 
cell 

MHC-I MHC-II Validation 
method 

Allergy 
analysis 
method 

Toxicity 
analysis 
method 

Others reference 

maximize the population 
coverage: (i)  first 
identified the MHC allele 
with the highest individual 
population coverage and 
initialized the set with their 
associated epitopes, then 
(ii)  progressively added 
epitopes associated with 
other MHC alleles that 
resulted in the largest 
increase of the 
accumulated population 
coverage. 

Spike 
glycoprotein 

ElliPro server, 
IEDB server 

√ √ ProPred-
1[24] 

ProPred[2
5] 

VaxiJen 
v2.0 

   [26] 

Spike 
glycoprotein 

Bepipred 2.0 √ √ ProPred-
1 

ProPred VaxiJen 
v2.0(3) 

   [27] 

ORF1AB, 
ORF3A, ORF6, 
ORF7A, 

Discotope2[28] √ √ netMHC
pan4, 
MARIA[

netMHCpa
n4, 
MARIA 

Validated 
computatio
nal 

   [30] 



Epitope target Predicted 
method 

B 
cell 

T 
cell 

MHC-I MHC-II Validation 
method 

Allergy 
analysis 
method 

Toxicity 
analysis 
method 

Others reference 

ORF7B, ORF8, 
ORF10, Spike 
protein, 
Envelop 
protein, 
Membrane 
protein, 
Nucleocapsid 
protein 

29] pipeline 
with 
SARS-Co
V 
experiment
al data 

Spike protein, 
Envelop 
protein, 
Membrane 
protein, 
Nucleocapsid 
protein 

Bepipred, Emini 
surface 
accessibility 
prediction, 
Kolaskar and 
Tongaonkar 
antigenicity 
scale 

√ √ netMHC
pan, 
iNeo-Pre
d 

netMHCpa
n, 
iNeo-Pred 

   The vaccine peptides were 
designed by their in-house 
tool iNeo-Design 

[31] 

Spike protein, 
Envelop 
protein, 
Membrane 
protein, 

Bepipred 2.0, 
Discotope2 

√ √ NetMH
Cpan EL 
4.0 

NetMHCp
an EL 4.0 

IEDB 
server 

  Use BLAST algorithm to 
compare Coronavirus 
Sequences with 
SARS-CoV-2 

[32] 



Epitope target Predicted 
method 

B 
cell 

T 
cell 

MHC-I MHC-II Validation 
method 

Allergy 
analysis 
method 

Toxicity 
analysis 
method 

Others reference 

Nucleocapsid 
protein 

Spike protein, 
Envelop 
protein, 
Membrane 
protein 

ElliPro(4), 
BepiPred, 
Kolaskar 
method 

√ √ IEDB 
server, 
Proteaso
mal 
cleavage
/TAP 
transport
/MHC 
class I 
combine
d 
predictor 

IEDB tool 
“MHC-II 
Binding 
Predictions
” 

VaxiJen 
v2.0(5) 

AllerTOP 
v.2 

 Molecular docking of the 
chimeric vaccine peptide 
with the 4immune 
receptors (TLR3 and 
TLR4) predicted efficient 
binding 

[33] 

Spike protein, 
Envelop 
protein, 
Membrane 
protein, 
Nucleocapsid 
protein 

IEDB server  √      Calculated the average 
binding affinity score for 
each predicted 15mer 
peptides against all the 
predominant HLA-DR 
types from each 
country/region using a 
sliding window approach 

[34] 



Epitope target Predicted 
method 

B 
cell 

T 
cell 

MHC-I MHC-II Validation 
method 

Allergy 
analysis 
method 

Toxicity 
analysis 
method 

Others reference 

Spike protein Ellipro √ √  NetMHCII 
2.2 

MolProbit
y 
server[35] 

AllergenFP 
1.0 server, 
AllerTOP 
2.0 server 

 Human β‐defensin 2 
(hβD-2) (PDB ID: 1FD3), 
and sequence of 
GIGDPVTCLKSGAICHP
VFCPRRYKQIGTCGLPG
TKCCKKP, and hBD-3 
(PDB ID:1KJ6) and 
sequence of 
GIINTLQKYYCRVR 
GGRCAVLSCLPKEEQIG
KCSTRGRKCCRRKK 
were selected as adjuvants 
at N and Cterminals 
sequence of the vaccine 
construct, respectively 
with linker EAAK 

[36] 

Spike protein ABCpred server 
(6), DiscoTope 
2.0 

√ √ ProPred-
1 

ProPred VaxiJen 
v.2.0(7) 

AllergenFP 
1.0 server, 
AllerTOP 
2.0 server 

 Predicted MHC I and 
MHC II epitopes with a 
VaxiJen score of >1.0 were 
further assessed for their 
binding affinity against 
HLA A*1101 and 

[38] 



Epitope target Predicted 
method 

B 
cell 

T 
cell 

MHC-I MHC-II Validation 
method 

Allergy 
analysis 
method 

Toxicity 
analysis 
method 

Others reference 

DRB1*0101, respectively 
using MHCPred version 
2.0[37] 

Spike protein, 
Envelop 
protein, 
Membrane 
protein, 
Nucleocapsid 
protein, etc. 

CTLpred[39], 
ABCpred 

√ √   VaxiJen 
v.2.0 

  Use miRanda[40, 41] (3.3 
a version) software to 
identify potential host 
microRNA target sites in 
the virus genome 
sequence. Use 
psRNATarget[42] server to 
compare the predicted 
targets by the two 
methods. 

[43] 

Spike protein, 
Envelop 
protein, 
Membrane 
protein 

BepiPred 2.0, 
DiscoTope 2.0 

√ √ netMHC
-4.0 

netMHCII 
2.3 

   Proposed two scores for 
evaluating and prioritizing 
the safety and 
immunogenicity regions of 
the viral genome for 
vaccination to obtain safe 
T cell epitopes with 
immunogenicity. 

[44] 



Epitope target Predicted 
method 

B 
cell 

T 
cell 

MHC-I MHC-II Validation 
method 

Allergy 
analysis 
method 

Toxicity 
analysis 
method 

Others reference 

Spike protein Bepipred and 
Bepipred2.0, 
Kolaskar and 
Tongaonkar 
antigenicity, 
Parker 
hydrophilicity, 
Chou and 
Fasman beta 
turn, Karplus 
and Schulz 
flexibility, 
Emini surface 
accessibility 
prediction, 
BcePred[45] 

  IEDB 
server 

IEDB 
server 

VaxiJen 
v.2.0 

Allergen FP 
1.0 

ToxinPred  [46] 

1. Blastp：Parameters -word_size 1, -gapopen 9, -gapextend 1 and -evalue 200000 were selected. Successful alignments were defined by a 100% identity and a coverage greater than 80%. 

2. Using an interatomic clash-cutoff of 1.25 Å, 173 antigen poses were sampled, and each of which yielded a successful (not necessarily unique) antibody design targeted at the seven most 

solvent accessible ACE2-binding residues of SARS-CoV-2 Spike RBD. 

3. The selected epitopes were submitted to the VaxiJen v.2.0 server applying a virus as a target field with the given threshold value of 0.4 for analyzing the antigenic propensity 

4. The minimum score value set at 0.4 while the maximum distance selected as 6 Å. 

5. The antigenicity of the final chimeric protein sequence was predicted by the VaxiJen 2.0 285 server to be 0.450 with a virus model at a threshold of 0.4 and 0.875 with ANTIGENpro. 



6. The default threshold value of 0.51 and window length 20 was fixed for prediction. 

7. The server was run with virus as a target field at a default threshold value of 0.4. 

8. Energy threshold : -20 kcal/mol 

9. The filtering criteria 0.5 was used. 

 
  



Supplementary Table 2. B-cell epitopes curated from literature published or preprinted until June 1,2020
Author Sequence
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Ahmed, S.F., A.A. Quadeer, and M.R. McKay, Preliminary identification of potential vaccine targets for the 
COVID-19 coronavirus (SARS-CoV-2) based on SARSCoV immunological studies. Viruses, 2020. RLITGRLQSLQTYVTQQ
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neutrophil-extracellular traps.  bioRxiv. LTESNKKFLPFQQFGRDIA
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glycoprotein. bioRxiv, 2020. KLNDLCFTN
Behbahani, M., In silico Design of novel Multi-epitope recombinant Vaccine based on Coronavirus surface 
glycoprotein. bioRxiv, 2020. KLNDLCFTNV
Behbahani, M., In silico Design of novel Multi-epitope recombinant Vaccine based on Coronavirus surface 
glycoprotein. bioRxiv, 2020. KLNDLCFTNVY
Behbahani, M., In silico Design of novel Multi-epitope recombinant Vaccine based on Coronavirus surface 
glycoprotein. bioRxiv, 2020. PTKLNDLCFTN
Behbahani, M., In silico Design of novel Multi-epitope recombinant Vaccine based on Coronavirus surface 
glycoprotein. bioRxiv, 2020. SPTKLNDLCFTN
Behbahani, M., In silico Design of novel Multi-epitope recombinant Vaccine based on Coronavirus surface 
glycoprotein. bioRxiv, 2020. VSPTKLNDLCFTN
Behbahani, M., In silico Design of novel Multi-epitope recombinant Vaccine based on Coronavirus surface 
glycoprotein. bioRxiv, 2020. KLNDLCFTNVYA
Behbahani, M., In silico Design of novel Multi-epitope recombinant Vaccine based on Coronavirus surface 
glycoprotein. bioRxiv, 2020. KLNDLCFTNVYAD
Behbahani, M., In silico Design of novel Multi-epitope recombinant Vaccine based on Coronavirus surface 
glycoprotein. bioRxiv, 2020. LNDLCFTNV
Behbahani, M., In silico Design of novel Multi-epitope recombinant Vaccine based on Coronavirus surface 
glycoprotein. bioRxiv, 2020. GVSPTKLNDLCFTN
Behbahani, M., In silico Design of novel Multi-epitope recombinant Vaccine based on Coronavirus surface 
glycoprotein. bioRxiv, 2020. YGVSPTKLNDLCFTN
Behbahani, M., In silico Design of novel Multi-epitope recombinant Vaccine based on Coronavirus surface 
glycoprotein. bioRxiv, 2020. CYGVSPTKLNDLCFTN
Behbahani, M., In silico Design of novel Multi-epitope recombinant Vaccine based on Coronavirus surface 
glycoprotein. bioRxiv, 2020. CVNLTTRTQ
Behbahani, M., In silico Design of novel Multi-epitope recombinant Vaccine based on Coronavirus surface 
glycoprotein. bioRxiv, 2020. QCVNLTTRTQ
Behbahani, M., In silico Design of novel Multi-epitope recombinant Vaccine based on Coronavirus surface 
glycoprotein. bioRxiv, 2020. LDITPCSFGGVSV
Behbahani, M., In silico Design of novel Multi-epitope recombinant Vaccine based on Coronavirus surface 
glycoprotein. bioRxiv, 2020. LDITPCSFGGVSVI
Behbahani, M., In silico Design of novel Multi-epitope recombinant Vaccine based on Coronavirus surface 
glycoprotein. bioRxiv, 2020. VKNKCVNFN
Bhattacharya, M., et al., Development of epitope-based peptide vaccine against novel coronavirus 2019 (SARS-
COV-2): Immunoinformatics approach.  J Med Virol, 2020. SQCVNLTTRTQLPPAYTNSFTRGVY
Bhattacharya, M., et al., Development of epitope-based peptide vaccine against novel coronavirus 2019 (SARS-
COV-2): Immunoinformatics approach.  J Med Virol, 2020. FSNVTWFHAIHVSGTNGTKRFDN
Bhattacharya, M., et al., Development of epitope-based peptide vaccine against novel coronavirus 2019 (SARS-
COV-2): Immunoinformatics approach.  J Med Virol, 2020. DPFLGVYYHKNNKSWME
Bhattacharya, M., et al., Development of epitope-based peptide vaccine against novel coronavirus 2019 (SARS-
COV-2): Immunoinformatics approach.  J Med Virol, 2020. MDLEGKQGNFKNL
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Bhattacharya, M., et al., Development of epitope-based peptide vaccine against novel coronavirus 2019 (SARS-
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Bhattacharya, M., et al., Development of epitope-based peptide vaccine against novel coronavirus 2019 (SARS-
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Bhattacharya, M., et al., Development of epitope-based peptide vaccine against novel coronavirus 2019 (SARS-
COV-2): Immunoinformatics approach.  J Med Virol, 2020. VNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGI
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COV-2): Immunoinformatics approach.  J Med Virol, 2020. LGKY
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