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A Predicted population coverage (PPC) value of human CD8* T cell epitopes
Epitope SARS-CoV-2 derived CD8* HLA binding alleles Cumulative

Epitopes sequence PPC value (%)

ORF1abs: VMVELVAEL HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66

ORF 1abiers. 1653 YLATALLTL HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66

World - Class | Coverage ORF 1abzs10.2218 CLEASFNYL HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66

70 _ : 100 ORF 1abzses 2371 WLMWLIINL HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
TR B e SE 0P o PORYA1P IoPYITR 9T 0 & | ORFlabwsan SLPGVFCGV HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01, HLA-A*23:01 | 75.66

o § [[ORFabsmss: FLLNKEMYL HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66

S | ORF1absrszsmo SMWALIISV HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66

3 7% £ | ORF1abuzsszsr YLASGGQPI HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
3 60 2 | ORF1abssnosie KLSYGIATV HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
E Lso 5 | ORF1abessser YLDAYNMMI HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
% L0 5 [ ORF1abesers LLLDDFVEI HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
L 8 [Sew FVFLVLLPL HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
* ™ ¢ [Serem SIAYTMSL HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
20 5 S ALNTLVKQL HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66

110 5 [Sorvem VLNDILSRL HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66

o I HHHHHHHHHHHHAHHH-HSHHHHHHHHAHHH L o Sosos RLQSLQTYV HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
01234567 ""‘k“ulii:f‘;‘;’pit’;ii‘;‘;ﬁfmﬁiﬁff?fc’i;iﬁi"“““’” Si220.1228 FIAGLIAIV HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66

Ezo2s FLAFVVFLL HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66

Eroo FLLVTLAIL HLA-A01:01,HLA-A"02:01,HLA-A"03:01,HLA-A"11:01,HLA-A"23:01 | 75.66

Population/Ethnicity = ) Ms2.60 IFLWLLWPV HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
m Mas o7 GLMWLSYFI HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66

ORF6,... HLVDFQVTI HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66

World 75.66% 25.4 11.09 ORF7bzs. IIFWFSLEL HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
ORF8ast.s0 YVVDDPCPI HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66

ORF8ay.s YIDIGNYTV HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66

ORF10.. YINVFAFPF HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66

ORF10.., NVFAFPFTI HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66

B Predicted population coverage (PPC) value of human CD4* T cell epitopes

Epitope SARS-CoV-2 derived HLA binding alleles Cumulative
World - Class Il Coverage 100 CcD4* Epitopes PPC value
60 \( Cumulative percentage of population coverage % % sequence (%)
. ot ORF 1811 KSAFYILPSIISNEK HLA-DRB1*01:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA-DRB1*03:01, HLA-DRB1*04:01
. v ORF1anies | ESPFVMMSAPPAQYE | HLA-DRB1+01:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA-DRB1*03:01, HLA-DRB1704:01 | 59.25
LK) o3 ORF1abwess | PNMLRIMASLVLARK HLA-DRB1701:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA-DRB1703:01, HLA-DRB1°04:01 | 59.25
2 s :j ORF1abwsssers | RIKVQMLSDTLKNL HLA-DRB1701:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA-DRB1703:01, HLA-DRB1°04:01 | 59.25
z ©§ ORF1absmoes | LDAYNMMISAGFSLW HLA-DRB1701:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA-DRB1703:01, HLA-DRB1°04:01 | 59.25
i » 3 S MFVFLVLLPLVSS HLA-DRB1701:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA-DRB1703:01, HLA-DRB1°04:01 | 59.25
° » % = FLAFVVFLLVTLAIL HLA-DRB1701:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA-DRB1703:01, HLA-DRB1°04:01 | 59.25
0 3 = FLLVTLAILTALRLC HLA-DRB1701:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA-DRB1703:01, HLA-DRB1°04:01 | 59.25
L 01 0000 0 s A Y LSYYKLGASQRVAGD HLA-DRB1701:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA-DRB1703:01, HLA-DRB1°04:01 | 59.25
Number o epitope hitsHLA combination recognized ORF6un AEILLIMRTFKVSI HLA-DRB1701:01, HLA-DRB1"11:01, HLA-DRB1*15:01, HLA-DRB1703:01, HLA-DRB1°04:01 | 59.25
ORF7amm MKIILFLALITLATC HLA-DRB1701:01, HLA-DRB1"11:01, HLA-DRB1*15:01, HLA-DRB1703:01, HLA-DRB1°04:01 | 59.25
Population/ - ORF7aum TIFLALITLATCEL HLA-DRB1701:01, HLA-DRB1"11:01, HLA-DRB1*15:01, HLA-DRB1703:01, HLA-DRB1°04:01 | 59.25
Ethnicity m ORF7awin SPIFLIVAAIVFITL HLA-DRB1701:01, HLA-DRB1"11:01, HLA-DRB1*15:01, HLA-DRB1703:01, HLA-DRB1°04:01 | 59.25
Serage ORF7bon DFYLCFLAFLLFLVL HLA-DRB1701:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA-DRB1703:01, HLA-DRB1°04:01 | 59.25
World 59.25% 11.13 3.96 ORF8b11 MKFLVFLGIITTVAA HLA-DRB1*01:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA-DRB1*03:01, HLA-DRB1*04:01 | 59.25
Nosoront KQQTVTLLPAADLDDF | HLA-DRB1*01:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA-DRB1703:01, HLA-DRB1°04:01 | 59.25

C Predicted population coverage (PPC) value of human CD8* T cell epitopes in Pan-Coronavirus Vaccine candidate # 1

World - Class | Coverage 100 Epitope SARS-CoV-2 derived HLA binding alleles Cumulative PPC
704 \\ Cumulative percentage of population coverage: o % cD8+ Epitopes (%)
60 ] sequence

8 & | ORF1abisw YLATALLTL HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
3 501 0 j ORF1abussszn WLMWLIINL HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
2w & : ORF1abuorsanr SLPGVFCGV HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
5 505 | ORF1absoss KLSYGIATV HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
§ 1 4o ORF1absssrsr LLLDDFVEI HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
< 20 S FVFLVLLPL HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
ol 2 i Sessss ALNTLVKQL HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
© 5 | Sioe0-100 RLQSLQTYV HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
O T e e Sizo128 FIAGLIAIV HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
Number of epitope hits/HLA combination recognized Ezo2 FLAFVVFLL HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 75.66
Ezoas FLLNKEMYL HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
ORF7bmn IFWFSLEL HLA-A"01.01.HLA-A"02.01 HLA-A"03.01.HLA-A*11:01.HLA-A"23.01 | 75.66
Population/Ethnicity [~ _ ORF8arss YIDIGNYTV HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
m ORF 10 YINVFAFPF HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66
World 75.66% 14.13 6.16 ORF 1051 NVFAFPFTI HLA-A*01:01,HLA-A*02:01,HLA-A*03:01,HLA-A*11:01,HLA-A*23:01 | 75.66

D Predicted population coverage (PPC) value of human CD4* T cell epitopes in Pan-Coronavirus Vaccine candidate # 1

World - Class Il Coverage

60 \ Cumulative percentage of population coverage 100 ®
w0 g
50 4 8o % Epitope SARS-CoV-2 derived HLA binding alleles Cumulative PPC
s 70 § CD4* Epitopes (%)
3 401 leo 3 sequence
g o EL ORF1aus0.s KSAFYILPSIISNEK HLA-DRB1*01:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA- 59.25
5 9 £ DRB1*03:01, HLA-DRB1*04:01
§ e g ORF1abso1s.5033 PNMLRIMASLVLARK HLA-DRB1*01:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA- 59.25
& 207 0 g DRB1*03:01, HLA-DRB1*04:01
1o 20 g M.zs.190 LSYYKLGASQRVAGD HLA-DRB1*01:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA- 59.25
I 10 5 DRB1*03:01, HLA-DRB1*04:01
o1 | | | | | ‘ | | | | | ‘ 0 ORF6.22 AEILLIIMRTFKVSI HLA-DRB1*01:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA- 59.25
o 1 2 3 4 s 6 7 8 9 10 11 12 DRB1*03:01, HLA-DRB1*04:01
Number of epitope hits/HLA combination recognized ORF7bs2 DFYLCFLAFLLFLVL HLA-DRB1*01:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA- 59.25
DRB1*03:01, HLA-DRB1*04:01
i . ORF8b:.15 MKFLVFLGIITTVAA HLA-DRB1*01:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA- 59.25
Population/Ethnicity |™¢,\ 1 1ative DRB1*03:01, HLA-DRB1*04:01

Coverage Average hit

World 59.25% 4.17 1.47

Supplemental Figure S1: Population coverage calculation for all the high binding CD8* and CD4* T cell epitopes screened in the current
study: (A) The SARS-CoV-2-derived CD8* T cell epitopes are screened based on their presence among most frequently observed HLA-A alleles in global
population (HLA-A*01:01, HLA-A*02:01, HLA-A*03:01, HLA-A*11:01, HLA-A*23:01). MHC-I binding affinity and high degree of immunogenicity showed high
PPC value of 75.66%, average number of epitope hits / HLA combinations recognized by the population is 25.4, and minimum number of epitope hits / HLA
combinations recognized by 90% of the population (pc90) is 11.09 (B) The SARS-CoV-2-derived CD4* T cell epitopes are screened based on their presence
among most frequently observed HLA-DRB1 alleles in global population (HLA-DRB1*01:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA-DRB1*03:01, HLA-
DRB1*04:01). MHC-II binding affinity and high degree of immunogenicity showed high PPC values at 59.25%, average number of epitope hits / HLA
combinations recognized by the population is 11.13, and minimum number of epitope hits / HLA combinations recognized by 90% of the population (pc90) is
3.96. The PPC plot shows percentage of individuals possessing combination of a number of epitopes/HLA alleles of interest and represents the cumulative
percentage of population coverage. The line (-o-) shows the cumulative percentage of population coverage of epitope/HLA combination while the bars depict the
population coverage for individual epitope. The analysis also generates the average number of epitope hits / HLA combinations recognized by the world
population, and minimum number of epitope hits / HLA combinations recognized by 90% of the world population (pc90) as shown below the PPC plot. (C) The
SARS-CoV-2-derived CD8"* T cell epitopes are screened based on their presence among most frequently observed HLA-A alleles in global population (HLA-
A*01:01, HLA-A*02:01, HLA-A*03:01, HLA-A*11:01, HLA-A*23:01). MHC-I binding affinity and high degree of immunogenicity showed high PPC value of
75.66%, average number of epitope hits / HLA combinations recognized by the population is 14.13, and minimum number of epitope hits / HLA combinations
recognized by 90% of the population (pc90) is 6.16. (D) The SARS-CoV-2-derived CD4* T cell epitopes are screened based on their presence among most
frequently observed HLA-DRB1 alleles in global population (HLA-DRB1*01:01, HLA-DRB1*11:01, HLA-DRB1*15:01, HLA-DRB1*03:01, HLA-DRB1*04:01).
MHC-II binding affinity and high degree of immunogenicity showed high PPC value at 59.25%, average number of epitope hits / HLA combinations recognized by
the population is 4.17, and minimum number of epitope hits / HLA combinations recognized by 90% of the population (pc90) is 1.47. The PPC plot shows
percentage of individuals possessing combination of a number of epitopes/HLA alleles of interest and represents the cumulative percentage of population
coverage. The line (-0-) shows the cumulative percentage of population coverage of epitope/HLA combination while the bars depict the population coverage for
individual epitope. The analysis also generates the average number of epitope hits / HLA combinations recognized by the world population, and minimum
number of epitope hits / HLA combinations recognized by 90% of the world population (pc90) as shown below the PPC plot.
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Supplemental Figure S3: Docking of highly conserved SARS-CoV-2-derived human CD8* T cell epitopes to HLA-A*02:01 molecules: (A)
Docking of the 27 high-affinity CD8* T cell binder peptides to the groove of HLA-A*02:01 molecules. (B) Summary of the interaction similarity scores of the
27 high-affinity CD8* T cell epitope peptides to HLA-A*02:01 molecules determined by protein-peptide molecular docking analysis. Black columns depict
CD8* T cell epitope peptides with high interaction similarity scores.
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Prakash et al. Supplemental Fig. S5
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Supplemental Figure S5: Molecular docking of highly conserved SARS-CoV-2 CD4* T cell epitopes to HLA-DRB1 molecules:

(A) Molecular docking of 16 CD4* T cell epitopes, conserved among human SARS-CoV-2 strains, previous humans SARS/MERS-CoV and

bat SL-CoVs into the groove of the HLA-DRB1 protein crystal structure (PDB accession no: 4UQ3)

was determined using the

GalaxyPepDock server. The 16 CD4* T cell epitopes are promiscuous restricted to HLA-DRB1*01:01, HLA-DRB1*11:01, HLA-DRB1*15:01,
HLA-DRB1*03:01 and HLA-DRB1*04:01 alleles. The CD4* T cell peptides are shown in ball and stick structures, and the HLA-DRB1 protein
crystal structure is shown as a template. The prediction accuracy is estimated from a linear model as the relationship between the fraction of
correctly predicted binding site residues and the template-target similarity measured by the protein structure similarity score (TM score) and
interaction similarity score (S,) obtained by linear regression. Sinter shows the similarity of the amino acids of the CD8* T cell peptides
aligned to the contacting residues in the amino acids of the HLA-DRB1 template structure. (B) Histograms representing interaction similarity

score of CD4* T cells specific epitopes observed from the protein-peptide molecular docking analysis.
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Epitope: S1z.a7
Protein: Spike

Interaction similarity: 45

Prakash et al. Supplemental Fig. S7

Epitope: Sso-s1
Protein: Spike
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Interaction similarity: 10
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Interaction similarity: 29

Epitope: Szos-322
Protein: Spike

Interaction similarity: 28

Epitope: Ssze-3s56
Protein: Spike.

Interaction similarity: 26

Epitope: Sass-363
Protein: Spike

Sequence: Sequence: Sequence: Sequence: Sequence: Sequence:
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Protein: Spike Protein: Spike Protein: Spike Protein: Spike. Protein: Spike Protein: Spike [e] Q S
= Q. 369-393 1
Sequence: Sequence: Sequence: Sequence: Sequence: Sequence: "— o
YNSASFSTFKCYGVSPTKLN  GDEVRQIAPGQTGKIADYN NLDSKVGGNYNYLYRLFRK FRKSNLKPFERDISTEIYQAG EIYQAGSTPCNGVEGFNCYF ELLHAPATVCGPKKSTNLV Q. = S404-426 ]
DLCFT YKLP SNLKPFERDIST STPCNGVEG PLQSYGFQPTN KN 1] Q.
Interaction similarity: 30 Interaction similarity: 31 Interaction similarity: 25 Interaction similarity: 27 Interaction similarity: 32 Interaction similarity: 36 — O Syq0urof———————
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Protein: Spike Protein: Spike Protein: Spike Protein: Spike Protein: Spike Protein: Spike
Sequence: Sequence: Sequence: Sequence: Sequence: Sequence: 8802-81 9 |
VCGPKKSTNLVKNKCVNFN NGLTGTGVLTESNKKFLP FGRDIADTTDAVRDPQTLEIL GTNTSNQVAVLYQDVNCT DVNCTEVPVAIHADQLTPTW ASYQTQTNSPRRARSVA S
FNGLTGTGVLTESNKK FQQFGRDIADTTDAVRD DITPCSFGGVSVI EVPVAIHADQ RVYSTGS sQ 888-909 1
Interaction similarity: 28 Interaction similarity: 26 Interaction similarity: 36 Interaction similarity: 35 Interaction similarity: 35 Interaction similarity: 33 S1133 1160 ,
S1 145-1172 ]
0 10 20 30 40

Epitope: S1133.1160
Protein: Spike

Epitope: Seoz-s19 Epitope: Sess-s00 Epitope: S114s5.1172

Protein: Spike Protein: Spike Sequence: Protein: Spike
Sequence: Sequence: VNNTVYDPLQPELDSFKEEL Sequence:
FSQILPDPSKPSKRSFIE FGAGAALQIPFAMQMAYRFNGI DKYFKNHT LDSFKEELDKYFKNHTSPDVDLGDISGI

Interaction similarity: 30 Interaction similarity: 28 Interaction similarity: 30

Interaction similarity: 26 /

i i In blue B cell epitopes included in Pan-Coronavirus vaccine candidate #1

Supplemental Figure S7: Docking of SARS-CoV-2 Spike glycoprotein-derived B cell epitopes to human ACE2 receptor: (A)
Molecular docking of 22 B-cell epitopes, identified from the SARS-CoV-2 Spike glycoprotein, with ACE2 receptors. B cell epitope peptides
are shown in ball and stick structures whereas the ACE2 receptor protein is shown as a template. S.71.501 and Ssg9.393 peptide epitopes
possess receptor binding domain region specific amino acid residues. The prediction accuracy is estimated from a linear model as the
relationship between the fraction of correctly predicted binding site residues and the template-target similarity measured by the protein
structure similarity score and interaction similarity score (S,,,,) obtained by linear regression. S, shows the similarity of amino acids of
the B-cell peptides aligned to the contacting residues in the amino acids of the ACE2 template structure. Higher S, score represents a
more significant binding affinity among the ACE2 molecule and B-cell peptides. (B) Summary of the interaction similarity score of 22 B
cells specific epitopes observed from the protein-peptide molecular docking analysis. B cell epitopes with high interaction similarity scores
are indicated in black.
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Supplemental Figure S8: A prototype multi-epitope Pan-Coronavirus vaccine.
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Supplemental Figure S9: Screening for the CD8* T cell, CD4* T cell, and B-cell epitopes against highly transmissible variants of SARS-
CoV-2: Keeping in mind the high degree of transmissibility of SARS-CoV-2 variants namely, Lineage B.1.1.7 from United Kingdom(variant 201/501Y.V1),
Lineage B.1.351 from South Africa(variant 20H/501Y.V2), Lineage B.1.1.28 from Brazil(P.1 variant 20J/501Y.V3), CAL.20C variant from California, and
Spike protein mutation D614G,; it is of importance to evaluate whether our screened epitopes are conserved for these variants or not, which in turn will
ascertain the immunogenicity/antigenicity of our candidate epitopes. Results show (A) 26 out of 27 CD8* T cell epitopes, and (B) 15 out of 16 CD4* T cell
epitopes are 100% conserved against all the higher transmissible variants. (C) Similarly, 8 B-cell epitopes showed 100% conservancy against all the highly
pathogenic SARS-CoV-2 variants.




