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Figure S1. Phylogenetic Tree Results from: (a) Neighbor-Joining Method (b) Maximum Likelihood Method
(b) 
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Table S1. Wuhan-Hu-1 and EIJK-61453 epitopes population coverage 
 
 

 
+ : restricted 
- : not restricted 
shaded column : genotypic frequency of this allele is 0 (zero)  

 

 
 

  



Table S2. UGM0002 epitopes population coverage 
 

 
+ : restricted 
- : not restricted 
shaded column : genotypic frequency of this allele is 0 (zero) 

 

 

 

 

 

 

 

 



Table S3. B.1.1.7 epitopes population coverage 
 

 

+ : restricted 
- : not restricted 
shaded column: genotypic frequency of this 
allele is 0 (zero) 
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Figure S2. Number of epitopes recognized by HLA from Indonesia population for Wuhan-Hu-1 (a), EIJK-61453 (b), UGM0002 (c), and B.1.1.7 (d) 

 

  

 



Table S4. The predicted discontinuous B-cell epitopes 
 

 

Epitope Epitope position 

                        Wuhan-Hu-1 

GSVASQSI 

 
C: G685; C: S686; C: V687; C: A688; C: S689; C: Q690; C: S691; C: 

I692 

FHVNNSYA
Y 

A: F643; A: H655; A: V656; A: N657; A: N658. A: S659; A: Y660; A: 
A694; A: Y695 

                          EIJK-61453 

GSVASQSI 

 
C: G685; C: S686; C: V687; C: A688; C: S689. C: Q690; C: S691; C: 

I692 

FHVNNSYA
Y 

A: F643; A: H655; A: V656; A: N657; A: N658. A: S659; A: Y660; A: 
A694; A: Y695 

                           UGM0002 

IRSTGSNVG
AEHVNNSY 

B: I624; B: R634; B: S637; B: T638; B: G639; B: S640; B: N641; B: 
V642; B: G652; B: A653; B: E654; B: H655; B: V656. B: N657; B: N658; 

B: S659; B: Y660 

HVNNSY A: H655; A: V656; A: N657; A: N658; A: S659; A: Y660 

                            B.1.1.7 

IRSTGSNVG
AEHVNNSY 

B: I624; B: R634; B: S637. B: T638; B: G639; B: S640; B: N641; B: 
V642. B: G652; B: A653; B: E654; B: H655; B: V656; B: N657; B: N658; 

B: S659; B: Y660 

HVNNSY A: H655; A: V656; A: N657; A: N658; A: S659; A: Y660 
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Figure S3. Ramachandran plot for (a) Wuhan-Hu-1-2 and EIJK-61453-2 with 454 aa, 88.2% in the most-favorable region, 59 Glycine residues, and 
38 Proline residues. 
(b) Wuhan-Hu-1-3 and EIJK-61453-3 with 189 AA, 86.7% in the most favorable region, 26 Glycine residues, and 18 Proline residues 
(c) UGM0002-2 with 493 AA, 84.8% in the most favorable region, 17 Glycine residues, and 9 Proline residues 
(d) UGM0002-3 with 454 AA, 88.2% in the most-favorable region, 59 Glycine residues, and 38 Proline residues 
(e) B.1.1.7-1 with 140 AA, 93.8% in the most favorable region, 17 Glycine residues, and 9 Proline residues 
(f) B.1.1.7-1-3 with 395 AA, 86.4% in the most favorable region, 49 Glycine residues, and 35 Proline residues 
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Figure S4. 3D structure prediction of (a) Wuhan-Hu-1-2 and EIJK-61453-2 vaccine, (b) Wuhan-Hu-1-3 and EIJK-61453-3 vaccine (c) UGM0002-2, 
(d) UGM0002-3, (e) B.1.1.7-1-1, and (e) B.1.1.7-1-3 
  



Table S5. Top three list of vaccine construction sequences 

M
od

el
 

Vaccine Sequence Score Explanation 

Wuhan-Hu-1  
1 MRIHYLLFALLFLFLVPVPGHGGIINTLQKYYCRVRGGRCAVLSCLPKEEQIGKCSTRGRKCCRRKKEAAA

KSPRRARSVAKKWTAGAAAYYGPGPGGINITRFQTLLALHRGPGPGCTFEYVSQPFLMDLEGPGPGGQS
KRVDFC 

Quality Factor 
ERRAT = 91,73 
TM-Score = 0,383 
Template = 1KJ6_A 
Confidence = 97,0% 

Using the template protein 
1KJ6_A with 97.0% 
confidence 
Vaccine length 146 aa 

2 MAKLSTDELLDAFKEMTLLELSDFVKKFEETFEVTAAAPVAVAAAGAAPAGAAVEAAEEQSEFDVILEAA
GDKKIGVIKVVREIVSGLGLKEAKDLVDGAPKPLLEKVAKEAADEAKAKLEAAGATVTVKEAAAKKIYSK
HTPIAAYWTAGAAAYYAAYQLTPTWRVYAAYSPRRARSVAAAYAEIRASANLGPGPGCTFEYVSQPFLM
DLEGPGPGGINITRFQTLLALHRGPGPGIIAYTMSLGAENSVGPGPGHWFVTQRNFYEPQIIGPGPGFSNVT
WFHAIHVSGTNGTKRFDNGPGPGNITNLCPFGEVFNATRFASVYAWNRKGPGPGNSASFSTFKCYGVSPT
KLNDLCFTNVGPGPGGDEVRQIAPGQTGKIADYNYKGPGPGNNLDSKVGGNYNYGPGPGFQPTNGGPG
PGGQSKRVDFCGPGPGSCCKFDEDDSEPVLKGVKL 

Quality Factor 
ERRAT = 83,18 
TM-Score = 0,148 
Template = 6YLA 
Confidence = 100% 
 

Using the 6YLA protein 
template with 100% 
confidence 
Vaccine length 454 aa 

3 MRIHYLLFALLFLFLVPVPGHGGIINTLQKYYCRVRGGRCAVLSCLPKEEQIGKCSTRGRKCCRRKKEAAA
KSPRRARSVAAAYKIYSKHTPIGPGPGGINITRFQTLLALHRGPGPGCTFEYVSQPFLMDLEGPGPGFQPTN
GGPGPGAYTMSLGAENSVAYSNGPGPGSCCKFDEDDSEPVLKGVKL 

Quality Factor 
ERRAT = 85,48 
TM-Score = 0,197 

Using a de novo folding 
approach 
Vaccine length 189 aa 

EIJK-61453  
1 MRIHYLLFALLFLFLVPVPGHGGIINTLQKYYCRVRGGRCAVLSCLPKEEQIGKCSTRGRKCCRRKKEAAA

KSPRRARSVAKKWTAGAAAYYGPGPGGINITRFQTLLALHRGPGPGCTFEYVSQPFLMDLEGPGPGGQS
KRVDFC 

Quality Factor 
ERRAT = 91,73 
TM-Score = 0,383 
Template = 1KJ6_A 
Confidence = 97,0% 

Using the template protein 
1KJ6_A with 97.0% 
confidence 
Vaccine length 146 aa 

2 MAKLSTDELLDAFKEMTLLELSDFVKKFEETFEVTAAAPVAVAAAGAAPAGAAVEAAEEQSEFDVILEAA
GDKKIGVIKVVREIVSGLGLKEAKDLVDGAPKPLLEKVAKEAADEAKAKLEAAGATVTVKEAAAKKIYSK
HTPIAAYWTAGAAAYYAAYQLTPTWRVYAAYSPRRARSVAAAYAEIRASANLGPGPGCTFEYVSQPFLM
DLEGPGPGGINITRFQTLLALHRGPGPGIIAYTMSLGAENSVGPGPGHWFVTQRNFYEPQIIGPGPGFSNVT
WFHAIHVSGTNGTKRFDNGPGPGNITNLCPFGEVFNATRFASVYAWNRKGPGPGNSASFSTFKCYGVSPT
KLNDLCFTNVGPGPGGDEVRQIAPGQTGKIADYNYKGPGPGNNLDSKVGGNYNYGPGPGFQPTNGGPG
PGGQSKRVDFCGPGPGSCCKFDEDDSEPVLKGVKL 

Quality Factor 
ERRAT = 83,16 
TM-Score = 0,148 
Template = 6YLA 
Confidence = 100% 

Using the 6YLA protein 
template with 100% 
confidence 
Vaccine length 454 aa 

3 MRIHYLLFALLFLFLVPVPGHGGIINTLQKYYCRVRGGRCAVLSCLPKEEQIGKCSTRGRKCCRRKKEAAA
KSPRRARSVAAAYKIYSKHTPIGPGPGGINITRFQTLLALHRGPGPGCTFEYVSQPFLMDLEGPGPGFQPTN
GGPGPGAYTMSLGAENSVAYSNGPGPGSCCKFDEDDSEPVLKGVKL 

Quality Factor 
ERRAT = 85,48 
TM-Score = 0,197 

Using a de novo folding 
approach 
Vaccine length 189 aa 

UGM0002  
1 MRIHYLLFALLFLFLVPVPGHGGIINTLQKYYCRVRGGRCAVLSCLPKEEQIGKCSTRGRKCCRRKKEAAA

KSPRRARSVAAAYKIYSKHTPIAAYGVYFASTEKAAYWTAGAAAYYGPGPGGINIFQTLLALHRTRGPGP
GGQSKRVDFC 
 

Quality Factor 
ERRAT = 99,27 
TM-Score = 0,358 
 

Using a de novo folding 
approach 
Vaccine length 151 aa 



2 MAKLSTDELLDAFKEMTLLELSDFVKKFEETFEVTAAAPVAVAAAGAAPAGAAVEAAEEQSEFDVILEAA
GDKKIGVIKVVREIVSGLGLKEAKDLVDGAPKPLLEKVAKEAADEAKAKLEAAGATVTVKEAAAKGVYF
ASTEKAAYKIYSKHTPIAAYWTAGAAAYYAAYQLTPTWRVYAAYSPRRARSVAAAYIAIPTNFTIAAYAEI
RASANLGPGPGSQCVNLTTRTQLPPAYTNSFTRGVYGPGPGFSNVTWFHAIHVSGTNGTKRFDNPGPGPG
NITNLCPFGEVFNATRFASVYAWNRKGPGPGSASFSTFKCYGVSPTKLNDLCFTNVGPGPGVIRGDEVRQI
APGQTGKIADYNYKLGPGPGNNLDSKVGGNYNYGPGPGSNKKFLPFGPGPGTNTSNQGPGPGVNCTEV
GPGPGGQSKRVDFCGPGPGCTFEYVSQPFLMDLEGPGPGGINITRFQTLLALHRGPGPGHWFVTQRNFYE
PQII 

Quality Factor 
ERRAT = 75,74 
TM Score = 0,150 
Template = 6XMO 
Confidence = 100% 
 

Using the 6XMO protein 
template with 100% 
confidence 
Vaccine length 493 aa 

3 MRIHYLLFALLFLFLVPVPGHGGIINTLQKYYCRVRGGRCAVLSCLPKEEQIGKCSTRGRKCCRRKKEAAA
KSPRRARSVAKKKIYSKHTPIKKGVYFASTEKKKWTAGAAAYYGPGPGGINIFQTLLALHRTRGPGPGGQ
SKRVDFC 

Quality Factor 
ERRAT = 94,93  
TM Score = 0,358 

Using a de novo folding 
approach 
Vaccine length 148 aa 

B.1.1.7  
1 MRIHYLLFALLFLFLVPVPGHGGIINTLQKYYCRVRGGRCAVLSCLPKEEQIGKCSTRGRKCCRRKKEAAA

KKIYSKHTPIAAYWTAGAAAYYAAYGVYFASTEKGPGPGKGIYQTSNFRVQPTEGPGPGLGQSKRVDFC 
 
 

Quality Factor 
ERRAT = 94,21 
TM-Score = 0,361 
Template = 2LWL_A 
Confidence = 97,7% 

Using the 2LWL_A protein 
template with 97.7% 
confidence 
Vaccine length 140 aa 

2 MRIHYLLFALLFLFLVPVPGHGGIINTLQKYYCRVRGGRCAVLSCLPKEEQIGKCSTRGRKCCRRKKEAAA
KKIYSKHTPIAAYWTAGAAAYYGPGPGRAAEIRASANLAATKGPGPGLGQSKRVDFC 
 
 

Quality Factor 
ERRAT = 97,32 
TM-Score = 0,405 
Template = 6VSJ_C 
Confidence = 100% 

Using the 6VSJ_C protein 
template with 100% 
confidence 
Vaccine length 128 aa 

3 MAKLSTDELLDAFKEMTLLELSDFVKKFEETFEVTAAAPVAVAAAGAAPAGAAVEAAEEQSEFDVILEAA
GDKKIGVIKVVREIVSGLGLKEAKDLVDGAPKPLLEKVAKEAADEAKAKLEAAGATVTVKEAAAKGVYF
ASTEKAAYKIYSKHTPIAAYWTAGAAAYYAAYQLTPTWRVYAAYAEIRASANLGPGPGKHTPINLVRDLP
QGFGPGPGKGIYQTSNFRVQPTEGPGPGRAAEIRASANLAATKGPGPGSQCVNLTTRTQLPPAYTNSFTRG
VYGPGPGYNSASFSTFKCYGVSPTKLNDLCFTGPGPGGDEVRQIAPGQTGKIAGPGPGSNKKFLPFGPGP
GVNCTEVGPGPGLGQSKRVDFCGPGPGSCCKFDEDDSEPVLKGVK 

Quality Factor 
ERRAT = 87,89 
TM-Score = 0,22 
 

Using a de novo folding 
approach 
Vaccine length 395 aas 

 

 
 

 

 

 

 

 

 

 



 

Table S6. Optimized vaccine sequences 

EIJK 

Pasted Sequence: GC=68.72%, CAI=0.58 

ATGAGGATCCACTACCTGCTGTTCGCCCTGCTGTTCCTGTTCCTGGTGCCCGTGCCCGGCCACGGCGGCATCATCAACACCCTGCAGAAGTACTAC
TGCAGGGTGAGGGGCGGCAGGTGCGCCGTGCTGAGCTGCCTGCCCAAGGAGGAGCAGATCGGCAAGTGCAGCACCAGGGGCAGGAAGTGCTGCA
GGAGGAAGAAGGAGGCCGCCGCCAAGAGCCCCAGGAGGGCCAGGAGCGTGGCCAAGAAGTGGACCGCCGGCGCCGCCGCCTACTACGGCCCCG
GCCCCGGCGGCATCAACATCACCAGGTTCCAGACCCTGCTGGCCCTGCACAGGGGCCCCGGCCCCGGCTGCACCTTCGAGTACGTGAGCCAGCCC
TTCCTGATGGACCTGGAGGGCCCCGGCCCCGGCGGCCAGAGCAAGAGGGTGGACTTCTGC 

Improved DNA[1]: GC=59.82%, CAI=0.93 

ATGCGTATTCACTACCTGCTGTTTGCCCTGCTGTTTCTGTTTCTGGTGCCGGTGCCGGGCCATGGCGGCATTATTAACACCCTGCAGAAATATTATT
GCCGCGTGCGCGGTGGCCGCTGCGCCGTTCTGAGCTGTCTGCCGAAAGAAGAACAGATCGGTAAATGTAGCACCCGCGGCCGTAAATGCTGCCGT
CGTAAAAAAGAAGCGGCGGCGAAATCACCGCGCCGTGCCCGTAGCGTGGCAAAAAAATGGACCGCCGGCGCCGCGGCGTACTATGGCCCGGGTC
CGGGCGGCATTAACATTACCCGCTTTCAGACCCTGCTGGCCCTGCATCGCGGTCCGGGCCCGGGCTGCACCTTTGAATATGTGTCGCAGCCGTTTC
TGATGGATCTGGAAGGCCCGGGCCCGGGCGGCCAAAGCAAACGCGTTGATTTTTGT 

UGM 

Pasted Sequence: GC=68.21%, CAI=0.59 

ATGAGGATCCACTACCTGCTGTTCGCCCTGCTGTTCCTGTTCCTGGTGCCCGTGCCCGGCCACGGCGGCATCATCAACACCCTGCAGAAGTACTAC
TGCAGGGTGAGGGGCGGCAGGTGCGCCGTGCTGAGCTGCCTGCCCAAGGAGGAGCAGATCGGCAAGTGCAGCACCAGGGGCAGGAAGTGCTGCA
GGAGGAAGAAGGAGGCCGCCGCCAAGAGCCCCAGGAGGGCCAGGAGCGTGGCCGCCGCCTACAAGATCTACAGCAAGCACACCCCCATCGCCGC
CTACGGCGTGTACTTCGCCAGCACCGAGAAGGCCGCCTACTGGACCGCCGGCGCCGCCGCCTACTACGGCCCCGGCCCCGGCGGCATCAACATCT
TCCAGACCCTGCTGGCCCTGCACAGGACCAGGGGCCCCGGCCCCGGCGGCCAGAGCAAGAGGGTGGACTTCTGC 

Improved DNA[1]: GC=59.82%, CAI=0.95 

ATGCGCATTCATTATCTGCTGTTTGCGCTGCTGTTTCTGTTTCTGGTGCCGGTGCCGGGCCATGGCGGCATTATTAACACCCTGCAGAAATACTATT
GCCGCGTGCGTGGCGGCCGCTGCGCCGTGCTGAGCTGCCTGCCGAAAGAAGAACAGATTGGCAAATGCAGCACCCGCGGCCGTAAATGTTGCCGC
CGCAAAAAAGAAGCGGCCGCGAAAAGCCCGCGCCGCGCACGTAGCGTGGCCGCGGCATATAAAATTTACAGCAAACATACCCCGATTGCGGCCT
ACGGCGTGTACTTTGCGTCAACCGAAAAAGCGGCCTATTGGACCGCGGGCGCGGCGGCCTATTATGGTCCTGGCCCGGGCGGCATTAACATTTTTC
AGACCCTGCTGGCGCTGCATCGCACCCGCGGCCCGGGCCCGGGTGGCCAGAGTAAACGTGTGGATTTTTGC 

B117 



Pasted Sequence: GC=68.75%, CAI=0.59 

ATGAGGATCCACTACCTGCTGTTCGCCCTGCTGTTCCTGTTCCTGGTGCCCGTGCCCGGCCACGGCGGCATCATCAACACCCTGCAGAAGTACTAC
TGCAGGGTGAGGGGCGGCAGGTGCGCCGTGCTGAGCTGCCTGCCCAAGGAGGAGCAGATCGGCAAGTGCAGCACCAGGGGCAGGAAGTGCTGCA
GGAGGAAGAAGGAGGCCGCCGCCAAGAAGATCTACAGCAAGCACACCCCCATCGCCGCCTACTGGACCGCCGGCGCCGCCGCCTACTACGGCCC
CGGCCCCGGCAGGGCCGCCGAGATCAGGGCCAGCGCCAACCTGGCCGCCACCAAGGGCCCCGGCCCCGGCCTGGGCCAGAGCAAGAGGGTGGAC
TTCTGC 

Improved DNA[1]: GC=59.64%, CAI=0.95 

ATGCGTATTCATTACCTGCTGTTTGCGCTGCTGTTTCTGTTTCTGGTGCCGGTGCCGGGTCATGGCGGTATTATTAACACCCTGCAGAAATATTATT
GTCGCGTGCGTGGCGGCCGCTGTGCGGTTCTGAGCTGCCTGCCGAAAGAAGAACAGATTGGTAAATGCAGCACCCGCGGCCGCAAATGCTGCCGT
CGCAAAAAAGAAGCGGCGGCGAAAAAAATTTATTCGAAACATACCCCGATTGCCGCCTATTGGACCGCGGGTGCGGCCGCGTACTATGGCCCGG
GCCCGGGCCGCGCGGCGGAAATCCGCGCGAGCGCAAACCTGGCGGCGACCAAAGGCCCGGGCCCGGGCCTGGGCCAGAGCAAACGCGTTGATTT
TTGC 


