Supplementary Materials

Table S1. Amino acid substitutions between the N protein used for immunization and the N proteins of different SARS-
CoV-2 strains used as antigens in ELISA.

Antigen
Immunogen g -
B.1 (Wuhan) B.1.351 (Beta) P.1 (Gamma) B.1.617.2 (Delta) B.1.1.529 (Omicron)
D63G, R203M,
B.1 P8OR, R203K, P13L, ERS31-33del,
- P13S, T205I G215C, D377Y,
(Wuhan) G204R R203K, G204R
R385K
S13P, D63G,
S13P, P8OR, S13L, ERS31-33del,
B.1.351 R203M, 1205T,
S13P, 1205T - R203K, G204R, R203K, G204R,
(Beta) G215C, D377Y,
1205T 1205T
R385K
D63G, R80P,
P13S, R80P,
P.1 R80P, K203R, K203M, R204G, P13L, ERS31-33del,
K203R, R204G, -
(Gamma) R204G G215C, D377Y, R80OP
T205I
R385K
G63D,
M203R P13S, G63D, G63D, P8OR, P13L, ERS31-33del,
B.1.617.2 C215G’ M203R, T205lI, M203K, G63D, M203K,
(Delta) Y377D’ C215G, Y377D, G204R, C215G, G204R, C215G,
’ K385R Y377D, K385R Y377D, K385R
K385R
L13P, ERS31-33ins,
L13P, ERS31- L13S, ERS31-
B.1.1.529 L13P, ERS31- D63G, K203M,
. 33ins, K203R, 33ins, K203R, ) -
(Omicron) 33ins, PSOR R204G, G215C,
R204G R204G, T205I
D377Y, R385K
Table S2. B-cell epitopes of SARS-CoV-2 N protein of B.1 (Wuhan) strain deposited in the
Immune Epitope Database which contain variable amino acid residues.
Positio IEDB ID Epitope Mutation Strain Method Reference
n sequence
1-15 1313173 MSDNGPQNQRNAPRI P13S, P13L B.1.351, microarray [1,2]
B.1.1.529
1-16 1680361 MSDNGPQNQRNAPRIT P13S, P13L B.1.351, microarray [3]
B.1.1.529
1-20 1392311 MSDNGPQNQRNAPRITFGGP P13S, P13L B.1.351, ELISA [4]
B.1.1.529
1-39 1392312 MSDNGPONQRNAPRITFGGPS P13S, P13L, 31- B.1.351, phage display [5]
DSTGSNQNGERSGARSKQ 33ERS del B.1.1.529
2-17 1692539 SDNGPQNQRNAPRITF P13S, P13L B.1.351, microarray [3]
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EDLKFPRGQGVPINT
EDLKFPRGQGVPINTN
DLKFPRGQGVPINTNS
KFPRGQGVPINTNSSP
FPRGQGVPINTNSSP
FPRGQGVPINTNSSPD
PRGQGVPINTNSSPD
PRGQGVPINTNSSPDD
RGQGVPINTNSSPDD
RGQGVPINTNSSPDDQ
GQGVPINTNSSP
GQGVPINTNSSPDDQI
QGVPINTNSSPD
QGVPINTNSSPDDQI
QGVPINTNSSPDDQIG
GVPINTNSSPDDQIGY

GVPINTNSSPDDQIGYYRRA

VPINTNSSPDDQ
VPINTNSSPDDQIGY
VPINTNSSPDDQIGYY
PINTNSSPDDQI
PINTNSSPDDQIGYY
PINTNSSPDDQIGYYR
INTNSSPDDQIG
INTNSSPDDQIGYYR
INTNSSPDDQIGYYRR
NTNSSPDDQIGY
NTNSSPDDQIGYYRR
NTNSSPDDQIGYYRRA
TNSSPDDQIGYYRRA
NSSPDDQIGYYRRAT
SSPDDQIGYYRRATRR
SPDDQIGYYRRA
SPDDQIGYYRRATRR
SPDDQIGYYRRATRRI
PDDQIGYYRRATRRI
SRSRNSSRNSTPGSSR

RSRNSSRNSTPGSSRG

SRNSSRNSTPGSSRG

SRNSSRNSTPGSSRGT

RNSSRNSTPGSSRGT

D63G
D63G
D63G
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
P8OR
R203M, R203K

R203M, R203K,

G204R

R203M, R203K,
G204R

R203M, R203K,
G204R, T2051

R203M, R203K,
G204R, T2051

B.1.617.2
B.1.617.2
B.1.617.2
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1
P.1,
B.1.617.2,
B.1.1.529
P.1,
B.1.617.2,
B.1.1.529
P.1,
B.1.617.2,
B.1.1.529
B.1.351,
P.1,
B.1.617.2,
B.1.1.529
B.1.351,
P.1,
B.1.617.2,
B.1.1.529

ELISA
microarray
microarray
microarray

ELISA
microarray
microarray
microarray

ELISA
microarray
microarray
microarray
microarray
microarray
microarray
microarray

ELISA
microarray

ELISA
microarray
microarray
microarray
microarray
microarray

ELISA
microarray
microarray
microarray
microarray
microarray

ELISA
microarray
microarray
microarray
microarray

ELISA
microarray

microarray

microarray

microarray

microarray

—_

Mﬁ_._.ﬁﬁH_._.ﬁﬁ_._._.ﬁﬁ_._.ﬁﬁﬁ_._.ﬁﬁ_._._.ﬁﬁ_._.ﬁﬁﬁ_._.
S IS B =) S SR BN IC A B LA S v BLEM S S S S S S A=) SR S A L S B B S S
N

W




191-206

191-210

192-207

193-207

193-208

194-209

195-210

196-210

196-211

197-212

198-213

199-213

199-214

1690946

1392403

1683686

1313680

1695708

1695349

1690951

1397391

1683723

1696051

1699690

2001233

1685320

RNSSRNSTPGSSRGTS

RNSSRNSTPGSSRGTSPARM

NSSRNSTPGSSRGTSP

SSRNSTPGSSRGTSP

SSRNSTPGSSRGTSPA

SRNSTPGSSRGTSPAR

RNSTPGSSRGTSPARM

NSTPGSSRGTSPARM

NSTPGSSRGTSPARMA

STPGSSRGTSPARMAG

TPGSSRGTSPARMAGN

PGSSRGTSPARMAGN

PGSSRGTSPARMAGNG

R203M, R203K,
G204R, T205I

R203M, R203K,
G204R, T2051

R203M, R203K,
G204R, T205I

R203M, R203K,
G204R, T2051

R203M, R203K,
G204R, T2051

R203M, R203K,
G204R, T2051

R203M, R203K,
G204R, T205I

R203M, R203K,
G204R, T2051

R203M, R203K,
G204R, T205I

R203M, R203K,
G204R, T205I

R203M, R203K,
G204R, T2051

R203M, R203K,
G204R, T2051

R203M, R203K,
G204R, T2051

B.1.351,
P.1,
B.1.617.2,
B.1.1.529
B.1.351,
P.1,
B.1.617.2,
B.1.1.529
B.1.351,
P.1,
B.1.617.2,
B.1.1.529
B.1.351,
P.1,
B.1.617.2,
B.1.1.529
B.1.351,
P.1,
B.1.617.2,
B.1.1.529
B.1.351,
P.1,
B.1.617.2,
B.1.1.529
B.1.351,
P.1,
B.1.617.2,
B.1.1.529
B.1.351,
P.1,
B.1.617.2,
B.1.1.529
B.1.351,
P.1,
B.1.617.2,
B.1.1.529
B.1.351,
P.1,
B.1.617.2,
B.1.1.529
B.1.351,
P.1,
B.1.617.2,
B.1.1.529
B.1.351,
P.1,
B.1.617.2,
B.1.1.529
B.1.351,
P.1,
B.1.617.2,
B.1.1.529

microarray

ELISA

microarray

microarray

microarray

microarray

microarray

microarray

microarray

microarray

microarray

microarray

microarray

(3]

(3]

[1.2]




200-215

201-216

201-220

201-239

202-216

202-217

203-215

203-217

203-218

204-219

205-219
205-220

206-220
206-221
208-222
208-223
208-238

210-224
210-225
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B.1.617.2
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B.1.617.2

B.1.617.2
B.1.617.2
B.1.617.2
B.1.617.2
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211-230 1392036 AGNGGDAALALLLLDRLNQL G215C B.1.617.2 ELISA [4]
212-226 1540534 GNGGDAALALLLLDR G215C B.1.617.2 ELISA [7]
212-227 1381497 GNGGDAALALLLLDRL G215C B.1.617.2 microarray [3]
213-228 1385897 NGGDAALALLLLDRLN G215C B.1.617.2 microarray [3]
214-228 1540456 GGDAALALLLLDRLN G215C B.1.617.2  ELISA, [1,7]
microarray
214-229 1381105 GGDAALALLLLDRLNQ G215C B.1.617.2 microarray [3]
215-230 1074903 GDAALALLLLDRLNQL G215C B.1.617.2 microarray [3]
341-379 1392106 DKDPNFKDQVILLNKHIDAYK D377Y B.1.617.2 phage display [5]
TFPPTEPKKDKKKKADET
358-381 1311663 DAYKTFPPTEPKKDKKKKADE D377Y B.1.617.2 microarray [13]
TQA
361-378 1087597 KTFPPTEPKKDKKKKADE D377Y, R385K  B.1.617.2 ELISA [14]
361-380 1392251 KTFPPTEPKKDKKKKADETQ D377Y B.1.617.2 ELISA [4]
362-377 1697880 TFPPTEPKKDKKKKAD D377Y B.1.617.2 microarray [3]
363-378 1658346 FPPTEPKKDKKKKADE D377Y B.1.617.2 microarray [3]
363-408 1311678 FPPTEPKKDKKKKADETQALP D377Y,R385K B.1.617.2 microarray [13]
QRQKKQQTVTLLPAADLDDES
KQLQ
364-378 1542003 PPTEPKKDKKKKADE D377Y B.1.617.2  ELISA, [1,2]
microarray
364-379 1686290 PPTEPKKDKKKKADET D377Y B.1.617.2 microarray [3]
364-385 1870805 PPTEPKKDKKKKADETQALPQ D377Y,R385K B.1.617.2 ELISA [11]
R
365-391 1919836 PTEPKKDKKKKADETQALPQR D377Y, R385K B.1.617.2 ELISA [10]
QKKQQT
366-380 1310210 TEPKKDKKKKADETQ D377Y B.1.617.2 microarray [2]
366-395 1862494 TEPKKDKKKKADETQALPQRQ D377Y, R385K B.1.617.2 ELISA [15]
KKQQTVTLL
367-381 2001035 EPKKDKKKKADETQA D377Y B.1.617.2 microarray [1]
367-382 1655029 EPKKDKKKKADETQAL D377Y B.1.617.2 microarray [3]
368-382 1541962 PKKDKKKKADETQAL D377Y B.1.617.2 ELISA [7]
368-383 1685675 PKKDKKKKADETQALP D377Y B.1.617.2 microarray [3]
369-380 1459304 KKDKKKKADETQ D377Y B.1.617.2 microarray [6]
369-384 1670649 KKDKKKKADETQALPQ D377Y B.1.617.2 microarray [3]
369-386 1087574  KKDKKKKADETQALPQRQ  D377Y,R385K B.1.617.2 ELISA [14]
370-384 1540947 KDKKKKADETQALPQ D377Y B.1.617.2  ELISA, [1,7]
microarray
370-385 1457322 KDKKKKADETQALPQR D377Y, R385K B.1.617.2 microarray [3,6]
371-385 1310080 DKKKKADETQALPQR D377Y, R385K B.1.617.2 microarray [2]
371-386 1651126 DKKKKADETQALPQRQ D377Y, R385K  B.1.617.2 microarray [3]
371-390 1392108 DKKKKADETQALPQRQKKQQ D377Y, R385K B.1.617.2 ELISA [4]
372-387 1670696 KKKKADETQALPQRQK D377Y, R385K B.1.617.2 microarray [3]
373-387 1312850 KKKADETQALPQRQK D377Y, R385K B.1.617.2 microarray [1,8]
373-388 1670695 KKKADETQALPQRQKK D377Y, R385K  B.1.617.2 microarray [3]
374-388 1541021 KKADETQALPQRQKK D377Y, R385K  B.1.617.2 ELISA 7]

[
374-389 1670626 KKADETQALPQRQKKQ D377Y, R385K  B.1.617.2 microarray [
375-390 1669082 KADETQALPQRQKKQQ D377Y, R385K B.1.617.2 microarray [
376-390 1310054 ADETQALPQRQKKQQ D377Y, R385K B.1.617.2 microarray 1
376-391 1377343 ADETQALPQRQKKQQT D377Y, R385K  B.1.617.2 microarray [
376-397 1377344 ADETQALPQRQKKQQTVTLLP D377Y, R385K B.1.617.2 microarray [

A




376-400 1407393 ADETQALPQRQKKQQTVTLLP D377Y, R385K B.1.617.2 microarray

AADL
377-387 1339955 DETQALPQRQK D377Y, R385K B.1.617.2 microarray
377-388 1420342 DETQALPQRQKK D377Y, R385K B.1.617.2 immunopreci
pitation,
microarray
377-391 1312288 DETQALPQRQKKQQT D377Y, R385K B.1.617.2 microarray
377-392 1378502 DETQALPQRQKKQQTV D377Y, R385K B.1.617.2 microarray
378-393 1380089 ETQALPQRQKKQQTVT R385K B.1.617.2 microarray
379-393 2001340 TQALPQRQKKQQTVT R385K B.1.617.2 microarray
379-394 1389884 TQALPQRQKKQQTVTL R385K B.1.617.2 microarray
379-419 1862941 TQALPQRQKKQQTVTLLPAAD R385K B.1.617.2 ELISA,
LDDFSKQLQQSMSSADSTQA immunostaini
ng
380-395 1386999 QALPQRQKKQQTVTLL R385K B.1.617.2 microarray
381-395 1310061 ALPQRQKKQQTVTLL R385K B.1.617.2 microarray
381-396 1377653 ALPQRQKKQQTVTLLP R385K B.1.617.2 microarray
381-419 1334453 ALPQRQKKQQTVTLLPAADLD R385K B.1.617.2 phage
DFSKQLQQSMSSADSTQA display,
western blot
382-397 1384883 LPQRQKKQQTVTLLPA R385K B.1.617.2 microarray,
western blot
382-396 1541442 LPQRQKKQQTVTLLP R385K B.1.617.2 ELISA,
microarray
382-405 1311750 LPQRQKKQQTVTLLPAADLDD R385K B.1.617.2 microarray
FSK
383-398 1686384 PORQKKQQTVTLLPAA R385K B.1.617.2 microarray
384-398 1542180 QRQKKQQTVTLLPAA R385K B.1.617.2 ELISA
384-399 1387379 QRQKKQQTVTLLPAAD R385K B.1.617.2 microarray
384-416 1387381 QRQKKQQTVTLLPAADLDDES R385K B.1.617.2 microarray
KQLQQSMSSADS
385-396 1499582 RQKKQQTVTLLP R385K B.1.617.2 immunopreci
pitation
385-399 1313484 RQKKQQTVTLLPAAD R385K B.1.617.2 microarray
385-400 1387865 RQKKQQTVTLLPAADL R385K B.1.617.2 microarray

(8]
[6,16]

(8]
[16]
(3]
(1]
(3]
[17]

[3]
[2,18]

[3]
[5,19]
3,20]

[1,7]

[13]

——— —
N B

[16]

[1,8]
(3]

Table S3. List of variable T-cell epitopes of N protein of SARS-CoV-2 with confirmed binding

to HLA molecules.

Positio IEDB Epitope Mutatio  Strain Allele Method Refere
n ID sequence n nce
1-15 1313173 MSDNGPQNQRNAPRI  P13S, B.1.351, HLAclassIl = ICSIFNy release  [21]
P13L B.1.1.529
1-17 1309131 MSDNGPQNQRNAPRITF P13S, B.1.351, HLA-B*27:05, @ ELISPOT IFNYy [22]
P13L B.1.1.529 HLA-B*27:06 release
5-17 1317715 GPQNQRNAPRITF P13S, B.1.351, HLA-B*07:02 activation [23]
P13L B.1.1.529




6-20

8-25

9-17

9-27

11-25

12-20

17-31

21-35

26-40

31-45

45-63

49-68
50-64
51-65
56-70
63-75
66-80
71-85
75-87
76-90

77-87
78-87

78-88
79-87

1323019

1309133 NQRNAPRITFGGPSDSTG

1309136

1494865 QRN APRITFGGPSDSTGSN

1322297

1330992

1312422

1313538

1542535

1397276

LPNNTASWFTALTQHGKE

1470968

1869725
1310292
1172352
1321406
1312809
1316855
1317881
1075010
1542862

1541833
1542585

1333792
1310816

191-2051597796

PONQRNAPRITFGGP

QRNAPRITF

NAPRITFGGPSDSTG

APRITFGGP

FGGPSDSTGSNQNGE

SDSTGSNQNGERSGA

SNQNGERSGARSKQR

ERSGARSKQRRPQGL

D

TASWFTALTQHGKEDLKEF

PR
ASWFTALTQHGKEDL
SWFTALTQHGKEDLK
LTQHGKEDLKFPRGQ
KEDLKFPRGQGVPIN
FPRGQGVPINTNSSP
GVPINTNSSPDDQIG
NTNSSPDDQIGYY
TNSSPDDQIGYYRRA

NSSPDDQIGYY
SSPDDQIGYY

SSPDDQIGYYR
SPDDQIGYY

RNSSRNSTPGSSKRT

P13S,
P13L
P13S,
P13L
P13S,
P13L

P13S,
P13L
P13S,
P13L
P13S,
P13L
E31 del

ERS31-
33 del
ERS31-
33 del
ERS31-
33 del

D63G

D63G

D63G

D63G
D63G
D63G

P8OR

P8OR

P8OR
P8OR
P8OR
P8OR

P8OR
D63G

R203K
G204R
T2051

B.1.351,
B.1.1.529
B.1.351,
B.1.1.529
B.1.351,
B.1.1.529

B.1.351,
B.1.1.529
B.1.351,
B.1.1.529
B.1.351,
B.1.1.529
B.1.1.529

B.1.1.529

B.1.1.529

B.1.1.529

B.1.617.2

B.1.617.2

B.1.617.2

B.1.617.2

B.1.617.2
B.1.617.2
P.1

P.1

P.1

P.1
P.1
P.1

P.1
B.1.617.2
B.1.351,
P.1,
B.1.617.2,
B.1.1.529

HLA class IT

HLA-B*27:05,
HLA-B*27:06
HLA-B*27:05,
HLA-C*07:01

HLA class II

HLA-
DQB1*03:01
HLA-A*02:01,
HLA-B*07:02
HLA class II

HLA class II

HLA class II

HLA class IT

HLA class II
HLA-
DRB1*04:01,
HLA-
DRB5*01:01
HLA-
DRB4*01:03

HLA-DRB
HLA class II
HLA class II

HLA class IT

HLA class II

HLA-A*01:01
HLA class II
HLA-A*01:01
HLA class ],
HLA-B*35:02,
HLA-B*35:01,
HLA-C*04:01
HLA-A*01:01
HLA-B*35:01

HLA class II

ICS IFNY release,

activation
ELISPOT IFNYy
release
ELISPOT IFNYy

release, qualitative
binding, activation
ELISA IFNY release

ICS IFNY release,

activation

qualitative binding

ELISPOT IFNy
release

ICS IFNY release

ICS IFNY release

ICS IFNY release
ELISA IFNY release

qualitative binding

ELISPOT IFNy
release

ICS IFNY release,

activation
activation

ICS IFNY release
ICS IFNY release,

activation

ICS IFNY release,

activation

activation

ICS IFNY release
qualitative binding
ELISA IFNY release

qualitative binding

activation

ICS IFNY release

[21,23]
[22]

[24-26]

[27]
[23]
(28]
[29]
[21]
[21]
[21]
[27]

[27]

[30,31]
[21,23]
[23]
[21]
[21,23]

[21,23]

qualitative binding, [23,32]

[21]
[33]
[30]

[25]
[23]
[21]




B.1.351, ICSIFNYy release  [21]
R203K P.1,
G204R B.1.617.2,
196-2101597775  NSTPGSSKRTSPARM T205I B.1.1.529 HLA classII
B.1.351, activation [34]
R203K P.1,
G204R B.1.617.2,
201-2091075062 SSRGTSPAR T205I B.1.1.529 HLA classI
R203K B.1.351, ICS IFNYy release  [21]
G204R P.1,
T2051 B.1.617.2,
201-2151597811 SSKRTSPARMAGNGG G215C B.1.1.529 HLA classII
206-2201542543 SPARMAGNGGDAALA G215C B.1.617.2 HLAclassII =~ ICSIFNy release  [21]
209-2231313463 RMAGNGGDAALALLL G215C B.1.617.2 HLA classIl ELISA IFNvy release [27]

RMAGNGGDAALALLLLD B.1.617.2 ELISA IFNY release [27]
209-2271498997 RL G215C HLA class II
B.1.617.2 ICS IFNY release, [27]
211-2251314288 AGNGGDAALALLLLD G215C HLA-DRB activation
215-2232134089 GDAALALLL G215C B.1.617.2 HLA-A*02:01 qualitative binding [35]

366-3791310210 TEPKKDKKKKADETQ D377Y B.1.617.2 HLAclassIl = ICSIFNyrelease [21]
371-3851310080 DKKKKADETQALPQR D377Y, B.1.617.2 HLA classIl  ICSIFNyrelease [21]

R385K
376-3901310054 ADETQALPQRQKKQQ D377Y, B.1.617.2 HLA classIl  ICSIFNYy release  [21]
R385K
381-3951310061 ALPQRQKKQQTVTLL R385K B.1.617.2 HLAclassI = ICSIFNyrelease [21]
385-4041868935RQKKQQTVTLLPAADLDD R385K B.1.617.2 HLA- qualitative binding  [36]
ES DRB1*01:01
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