Supplementary Materials

Methods
Analysis of antibody epitopes
Human gammaherpesvirus 4 (Epstein Barr virus) strain sLCL-T12.18 (LC573552), human alphaherpesvirus 3 (varicella zoster virus) strain VZVs/Pasadena.USA/48.12/Z[2] (KF811485), variola virus (NC_001611), rubella virus (NC_001545), mumps orthorubulavirus (NC_002200), poliovirus (NC_002058), human papillomavirus type 16 (NC_001526), measles virus (AB016162), hepatitis B virus strain ayw (NC_003977), human immunodeficiency virus isolate 11Gab6352 (JX245015), SARS-CoV-2 isolate Wuhan-Hu-1 (NC_045512) and Influenza A virus A/GuangzhouSB/01/2009 H1N1 segments 1–8 (GQ223441, GQ223442, GQ221693, GQ221694, GQ223444, GQ223445, GQ223446, GQ223447) complete genomes and human papillomavirus type 18 isolate HPJ18-7 L1 gene (MH057749) were subjected to the analysis of antibody epitopes. The sequence-based antibody epitope score was predicted by using BepiPred-2.0 bioinformatic tool with the default threshold value of 0.50 (http://tools.iedb.org/bcell)31. The epitope candidates less than 7 aa were ruled out.
  
Alignment of epitopes with similar sequences and phylogenetic analyses to CD20 proteins
For each viral proteome, the epitopes with similar sequences were aligned using the software ClustalX2.132. Some of epitope sequences are shorter than 15 aa, and flanking sequences were added such that the sequences were at least 15 aa in length.
  Human CD20 (NP_690606), Macaque CD20 (XM_015434168), rabbit CD20 (XM_002709189), mouse CD20 (NP_031667), rat CD20 (XM_032895356), cow CD20 (NP_001071322), dog CD20 (NP_001041493) and Xenopus CD20 (XP_002937079) full-length protein sequences were aligned using the software ClustalX2.132. Gaps resulting from the alignment were treated as missing data. Xenopus CD20 protein was assigned as an outgroup. The phylogenetic trees were constructed by the software MEGA7.0.14 with Neighbor-Joining (NJ) method and 1,000 bootstrap replications33.

Generation of rabbit antisera against SARS-CoV-2
Eight epitopes of the SARS-CoV-2 S protein were synthesized chemically as follows: #AB: YRLFRKSNDPSKPSKRS, epitope #AC: YRLFRKSNTNGTKRFDN, epitope #AD: YRLFRKSNHKNNKSWME, epitope #AE: YRLFRKSNVYAWNRKRI, epitope #AF: YRLFRKSNADYNYKLPD, epitope #AG: YRLFRKSNVEQDKNTQE, epitope #AH: YRLFRKSNVTQRNFYEP and epitope #AI: YRLFRKSNDPLQPELDS. Peptides were coupled to keyhole limpet hemocyanin (KLH)18 with the cross-linking reagent SucciniMidyl 6-[(3-MaleiMido)propionaMido]-hexanoate (SMPH).
  Polyclonal antibodies against SARS-CoV-2 S protein were raised in rabbits by the Abmart Company (Shanghai, China) using the above KLH-conjugated peptides as antigens. The immunization was performed under an approved Institutional Animal Care and Use Committee permit. Briefly, rabbits were intradermally injected with 400 µg antigen per injection with complete Freund’s adjuvant. Twenty days later, 400 µg antigen in incomplete Freund’s adjuvant was injected intradermally34. Four immunization groups were set: Group 1: 400 µg epitope #AB, Group 2: 200 µg epitope #AB + 200 µg epitope #AC, Group 3: 100 µg epitope #AB + 100 µg epitope #AC + 100 µg epitope #AD + 100 µg epitope #AE and Group 4: 50 µg epitope #AB + 50 µg epitope #AC + 50 µg epitope #AD + 50 µg epitope #AE + 50 µg epitope #AF + 50 µg epitope #AG + 50 µg epitope #AH + 50 µg epitope #AI. Each group contained three rabbits. The rabbits were terminally bled at 10 days and 1, 2, 3, 4, 5 and 6 months from the second immunization (1–7 months after the initial immunization), and their antisera were collected.

Enzyme-linked ImmunoSorbent Assay (ELISA)
To measure the half life of rabbit polyclonal antibody titers against each SARS-CoV-2 antigen, each well of a 96-well polystyrene ELISA plate (Thermo Fisher Scientific, Waltham, MA, USA) was coated with 1 μg of SARS-CoV-2 original strain S protein (Trimer; Antibody-Online, Aachen, Germany; ABIN6952670), SARS-CoV-2 Omicron S protein (B.1.1.529 Trimer; Antibody-Online ABIN7041433), epitope #AB, epitope #AC, epitope #A (YRLFRKSN), epitope #B (DPSKPSKRS) or epitope #C (TNGTKRFDN). After blocking with 1× PBST (phosphate-buffered saline containing 0.05% Tween 20, pH 7.4) plus 3% bovine serum albumin for 1 h at 37 °C, the plate was washed three times with PBST. All antisera were diluted to 1 mg/mL, then further diluted at 1:100 – 1:1000, and then added to each well. The block buffer without antisera was used as the calibrator (negative control). The plates were incubated at 37 °C for 1 h.
  After three washes with PBST, horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG antibody (1:5,000; Thermo Fisher Scientific) was added, and the plates were incubated at 37 °C for 1 h. After washing three times with PBST, 100 μL of 3,3',5,5'-tetramethylbenzidine substrate was added to each well, followed by 100 μL of 2 M H2SO4. The absorbance of each well was measured at 450 nm. The optical density ratios were transformed into final endpoint (dilution) titers35.

Flow cytometry
Rabbit whole blood was fixed in 4% formaldehyde (methanol-free) for 10 min at 22°C. Red blood cells were then lyzed by the addition of Triton X-100 (final concentration of 0.1%) for 15 min at 37 °C. For experimentation, cells were treated with 50% methanol for 15 min at 4 °C36. Cells were then incubated with rat anti-human CD20 antibody (Abcam, Boston, MA, USA; ab279300), rat anti-mouse CD20 antibody (Abcam ab171203) or rat IgG2a [RTK2758] (Isotype control; Abcam ab18450) at 0.1 μg for 1 x 106 cells for 30 min at 4 °C. The secondary antibody used was Alexa Fluor® 488 goat anti-rat IgG (H&L) (Abcam ab150157) at 1:2000 dilution for 30 min at 4 °C. Acquisition of >30,000 total events were collected using a 20 mW Argon ion laser (488 nm) and 525/30 bandpass filter of the Accuri C6 Plus Cytometry (Becton Dickinson and Company, Franklin Lakes, NJ, USA).

Enumeration of antigen-specific memory B cells (MBC)
The flow cytometry data confirmed the feasibility of human CD20 antibody to separate rabbit MBC. B cells were isolated from total rabbit peripheral BMC through positive selection with human CD20 MicroBeads (Miltenyi Biotec, North Rhine-Westphalia, Germany) according to the manufacturer's protocol using LS columns (Miltenyi Biotec). Purified CD20+ B cells were resuspended in RPMI media20 and cultured in serial 2-fold diluted doses (10 wells per dose), starting with 50,000 to 100,000 purified B cells per well in 96-well flat-bottom plates in a final volume of 200 μl per well. Plates were incubated at 37 °C and 6% CO2 for 6 days20.
  Antigen-specific MBC frequencies were calculated by assaying limiting dilution assay (LDA) supernatants with antigen-specific ELISA as previously described37,38. Each well of a 96-well polystyrene ELISA plate was coated with 1 μg of SARS-CoV-2 original strain S protein, SARS-CoV-2 Omicron S protein, epitope #AB, epitope #AC, epitope #A, epitope #B or epitope #C. Plates were blocked at 150 μl/well with PBST plus 3% bovine serum albumin for 1 h at 37 °C. Block buffer was flicked out and plates were washed once with PBST, and tamped dry on paper towels. Supernatants from LDA cultures were then replica-plated onto the ELISA plates, at 15–25 μl/well, and incubated at 37 °C for 1 h. The block buffer without LDA cultures was used as the calibrator (negative control). Plates were then washed three times with PBST and tamped dry on paper towels. Detection antibody (HRP-conjugated goat anti-rabbit IgG antibody) was diluted 1/5000 in block buffer and incubated for 1 h at 37 °C, followed by washing as above. 100 μL of 3,3',5,5'-tetramethylbenzidine substrate was added to each well, followed by 100 μL of 2 M H2SO4. The absorbance of each well was measured at 450 nm. LDA cultures were scored as positive if they demonstrated optical densities 2-fold over the average of the negative control.

Statistical analysis
Three independent replicates were set, and average results are presented as mean ± standard deviations (n = 3). Student’s t test was used for comparison between different treatments. Statistically significant difference were determined by one way ANOVA (Duncan’s multiple range test; P < 0.05).
  Correlations between peripheral antigen-specific memory B-cell numbers and antibody titers from 4 to 7 months after the initial immunization were calculated. The F-test was performed to analyze all the correlations and determine whether the data pairs fit the linear regression model. The correlation coefficient (R) and the P-value were obtained by using SPSS v19.0.
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Extended Data Fig. 1 | Anti-human CD20 antibody can also recognize the rabbit CD20 homolog. (a) Alignment of human CD20, rabbit CD20 and mouse CD20 proteins. (b) Phylogenetic tree of vertebrate CD20 proteins. The phylogenetic trees were constructed by the software MEGA7.0.14 with Neighbor-Joining (NJ) method and 1,000 bootstrap replications. Numbers at various nodes indicate bootstrap support values. Bar represents 0.10 genetic distance. (c) Flow cytometry of rabbit peripheral blood lymphocytes. Rabbit whole blood was fixed in 4% formaldehyde for 10 min at 22 °C. Red blood cells were then lyzed by the addition of Triton X-100 for 15 min at 37 °C. Cells were then incubated with rat anti-human CD20 antibody (red line), rat anti-mouse CD20 antibody (purple line) or rat IgG2a (Isotype control; celeste line) at 0.1 μg for 1 x 106 cells for 30 min at 4 °C. The secondary antibody used was Alexa Fluor® 488 goat anti-rat IgG at 1/2000 dilution for 30 min at 4 °C. Unlabelled sample (grey line) was also used as a control. Acquisition of >30,000 total events were collected.


Extended Data Table 1 | Epitopes of human gammaherpesvirus 4 (Epstein-Barr virus).
	Protein
	Start
	End
	Epitope
	Length

	LMP-2A
	6
	83
	MVPMGAGPPSPGGDPDGDDGGNNSQYPSASGSSGNTPTPPNDEERESNEEPPPPYEDLDWGNGDRHSDYQPLGNQDPS
	78

	
	89
	121
	NQDPSLYLGLQHDGNDGLPPPPYSPRDDSSQHIYEEAGRGSMN
	33

	
	172
	180
	AAAQRKLLT
	9

	
	378
	388
	TNFKSLSSTEF
	11

	
	486
	494
	EERPPTPYR
	9

	LMP-2B
	52
	61
	SAAAQRKLLT
	10

	
	80
	87
	RIEDPPFN
	8

	
	257
	270
	LQTNFKSLSSTEFI
	14

	
	294
	300
	WGSGNRT
	7

	
	367
	375
	EERPPTPYR
	9

	BNRF1
	4
	15
	RGRETQMPVARY
	12

	
	30
	50
	EANIQEQRLYELLSDPRSALG
	21

	
	69
	82
	TNNDPRPQRQERAR
	14

	
	94
	110
	GEQGEHLGTESALEASG
	17

	
	120
	128
	DWMARPSTW
	9

	
	159
	166
	RSRPSFRQ
	8

	
	175
	215
	LFDNALRKYDSGQVAAGFQRALLVAGPETADTRPDLRKLNE
	41

	
	217
	228
	VFGGRAAGGRQL
	12

	
	247
	269
	VLQPTETLDTWKVLSRDTRTAHS
	23

	
	283
	290
	ANCPQLFM
	8

	
	316
	332
	TGPGADARAAARRQQAF
	17

	
	358
	364
	ATLKGGE
	7

	
	382
	389
	ALDTVRYD
	8

	
	412
	434
	PYAESSWAQAAVQTALELFSALY
	23

	
	473
	493
	DDVKDGLGEMGPARATGPGMQ
	21

	
	514
	523
	QRGEKINGRT
	10

	
	556
	609
	DLASPVSTAEMMDDFSPFFTVEFPPIQEEGASSPVPLDVDESMDISPSYELPWL
	54

	
	648
	654
	VGPLDLP
	7

	
	664
	699
	SQVWTRPGGAPPLPYRTWDRMTEKLLVSAKPGGENV
	36

	
	788
	796
	CPETGSSAS
	9

	
	812
	823
	SGPLITPVLQKT
	12

	
	848
	861
	SDVATTPRAPEALS
	14

	
	992
	1035
	YECLRPDRINRSMHVSDYGYNEALAVSPLTGKNLSPRRLVTEPD
	44

	
	1073
	1079
	VRDNTFL
	7

	
	1146
	1165
	GSTDNPPAPGVEVNVQRSPL
	20

	
	1237
	1253
	GTDAWRFAMNYPRNPTE
	17

	
	1283
	1294
	WEHIPPAFGHPT
	12

	BCRF1
	22
	32
	GGTDQCDNFPQ
	11

	
	48
	55
	FQTKDEVD
	8

	
	85
	103
	EEVMPQAENQDPEAKDHVN
	19

	
	121
	129
	RFLPCENKS
	9

	
	136
	149
	KNAFNKLQEKGIYK
	14

	EBNA-LP
	4
	432
	RSEVPGPARPGPPGIGPEGPLGQLLRRHRSPSPTRGGQEPRRVRRRVLVQQEEEVVSGSPSGPRGDRSEVPGPARPGPPGIGPEGPLGQLLRRHRSPSPTRGGQEPRRVRRRVLVQQEEEVVSGSPSGPRGDRSEVPGPARPGPPGIGPEGPLGQLLRRHRSPSPTRGGQEPRRVRRRVLVQQEEEVVSGSPSGPRGDRSEVPGPARPGPPGIGPEGPLGQLLRRHRSPSPTRGGQEPRRVRRRVLVQQEEEVVSGSPSGPRGDRSEVPGPARPGPPGIGPEGPLGQLLRRHRSPSPTRGGQEPRRVRRRVLVQQEEEVVSGSPSGPRGDRSEVPGPARPGPPGIGPEGPLGQLLRRHRSPSPTRGGQEPRRVRRRVLVQQEEEVVSGSPSGPLRPRPQPPAQSLREWLLRISERFDPHPVATRRQSVY
	429

	EBNA-2
	7
	451
	ALHGGQSYNLIVDTDMSGNPSLSVIPTNPYQEQLSNNPLIQLQIVVGENTGAPAPPQPPPPPPPPPPPERRDAWTQEPLPLDMNPLGSDASQGPLASSIRMLCMAQYLLRNARGQQGLLRPLGPQTRSQVTLERQPVHNPRQEAPIILLQSPAPPRFTPVPMVALGHTLQPTPPPRPTLPQPRIPLIIPPRHTNQPATTPPTAPQRLTLGHQLSLPPHPPPHQSTPHCSSDSTGLPPPPTSYSIPSMTLSPEPLPPPAAPAHPLPGVIYDQQALPPTPGPPWWPPVRDPTPTTQTPPTNTKQGPDQGQGRGRWRGRGRSKGRGRMHKLPEPRRPGPDTSSPSMPQLSPVVSLHQGQGPENSPTPGPSTAGPVCRVTPSATPDISPIHEPESSDSEEPPFLFPSDWYPPTLEPAELDESWEGIFETTESHSSDEENVGGPSKRPRT
	445

	BHLF1
	4
	563
	PRMSSRTRQAGHALGEGTGWEQGGGVPGPQPPAGNPGVPGQQSKRTTPIRTLPADAATPRGAPEPGKPGTPWGRDRRGWGPGDHAPTLHSRCSGAPGTPAAPGPGGGAAVPSGATPHPERGSGPADPPAAARLPPERQEPRLPQDLAAAQRCPAGPPPTRSGAAAQRTHRRPPGCPRSARNPGCPWTWRRRSGAQRGHPPPGAGQRPSGPTGGRPAAPGAPGTPAAPGPGGGAAVPSGATPHPERGSGPADPPAAARLPPERQEPRLPQDLAAAQRCPAGPPPTRSGAAAQRTHRRPPGCPRSARNPGCPRTWRRRSGAQRGHPPPGAGQRPSGPTGGRPAAPGAPGTPAAPGPGGGAAVPSGATPHPERGSGPADPPAAARLPPERQEPRLPQDLAAAQRCPAGPPPTRSGAAAQRTHRRPPGCPRSARNPGCPRTWRRRSGAQRGHPPPGAGQRPSGPTGGRPAAPGAPGTPAAPGPGGGAAVPSGATPHPERGSGPADPPAAARLPPERQEPRLPLDLAAAQRCPAGPPPTRSGAAAQRTHRRPPGCPRSARNPGCP
	560

	BHRF1
	17
	43
	SRVHGNGALHPVLELAARETPPRLSPE
	27

	
	62
	81
	SETFTETWNRFITHTENLDL
	20

	
	135
	163
	EASEGLDGWIHQQGGWSTLIENNIPGSRR
	29

	BFLF2
	6
	86
	PEAVNARQQRPADPALRRLMHPHHRNYTASKASAHSVKSVSRCGKSRSELGRMERVGSVARSICSRHTRHGVDRSHFSLRD
	81

	
	92
	110
	SANFELGKDFLREMNTPIH
	19

	
	135
	143
	FGHSLTLGS
	9

	
	147
	160
	ICINRSQVHVPQEF
	14

	
	274
	288
	RDTVYEKAVNVDEDA
	15

	
	295
	301
	DLECGDE
	7

	BFLF1
	5
	58
	VTSANEPNPLTGKRLSSCPLTRSGVTEVAQTAGRTPKMEEFVPWTVDNLKSQFE
	54

	
	70
	94
	PANAEEGIAYPPLVHTYESLSPAST
	25

	
	151
	162
	PMAGGLDSLFMP
	12

	
	181
	192
	LPVSSSDMIRNA
	12

	
	208
	255
	GQSPANFCFKSMWPRTTPTFLTLPGPRTCKDSQDVPGDVGRGQYTALC
	48

	
	257
	284
	HLPTRNRVQHPFLRAEKGGLSPEITTKA
	28

	
	297
	335
	TDLLGGPGHHAIGLNAEYSGDELAELALAITRPEAGDHS
	39

	
	346
	352
	GLRHKNA
	7

	
	402
	409
	NTLLDVPC
	8

	
	448
	455
	GQIYPPSF
	8

	BFRF1A
	5
	46
	GGKVRSSGFLIPGSAPVSGTPPQGQGGLASSRVYEDSGGSLL
	42

	
	83
	92
	ENSGQGLGGV
	10

	
	116
	132
	STLDLVNHGEPGREAPR
	17

	BFRF1
	23
	43
	SGSLEVERCSGAHVFSRGSSQ
	21

	
	98
	118
	PSGLRSGQSGPCLGLSTDVDL
	21

	
	172
	179
	ANAQKASR
	8

	
	189
	301
	QQLSRSGQVEDTGARVTGGGGPRPSVTHSGCLGDSHVRGRGGWDLDNFSEAETEDEASYAPWRDKDSWSESEAAPWKKELVRHPIRRHRTRETRRMRGSHSRVEHVPPETRET
	113

	BFRF2
	9
	28
	TLSGTGAGGHGRGPAPDVSE
	20

	
	34
	40
	PALGERE
	7

	
	67
	123
	RPPASEAAVASTPGSLFRSHSSAYWLSEVERPGGLVRWARSQTSPSSLTLAPHLGPS
	57

	
	173
	182
	FCENTRAVAR
	10

	
	198
	212
	RSSYDPPLLRQNSRP
	15

	
	220
	268
	KNYVPGLDSQSCVTVPSFSRWAQSHASELDPREIRDRVTPATAPSFVAD
	49

	
	314
	336
	AVSEGGRKTGGGVGEELVGAGGP
	23

	
	373
	381
	ASRPVSGPD
	9

	
	397
	412
	NFGKQTGVGGRLNSFR
	16

	
	452
	462
	AEPPSARSGWQ
	11

	
	527
	544
	CQQRQAPEDARDEPHLFS
	18

	
	548
	557
	EVELPPGERC
	10

	
	563
	588
	YQTRYGTPAAQAHPPGEAGGGFSRQS
	26

	BFRF3
	5
	43
	LPKPTLQGRLEADFPDSPLLPKFQELNQNNLPNDVFREA
	39

	
	60
	173
	YVQRTFGVPRRQRAIDKRQRASVAGAGAHAHLGGSSATPVQQAQAAASAGTGALASSAPSTAVAQSATPSVSSSISSLRAATSGATAAASAAAAVDTGSGGGGQPQDTAPRGAR
	114

	BPLF1
	25
	36
	DVNAPGGGSGGS
	12

	
	78
	90
	PLTSRPELDEVLD
	13

	
	196
	208
	CQKDAAPGTPAHV
	13

	
	260
	268
	EANGSGFDL
	9

	
	273
	293
	LVSSDGEAAGTPGADSSPPVM
	21

	
	310
	381
	SRSFTSDSFPAARYSPAKTNSPPSSPASAAPASAAPASAAPASAAPASAAPASAAPASAAPASAAPASSPPL
	72

	
	387
	499
	GLGHTPGVPAPSTPPRASGGAAPQTPKRKKGLGKDSPHKKPTSGRRLPLSSTTDTEDDQLPRTHVPPHRPPSAARLPPPVIPIPHQSPPASPTPHPAPVSTIAPSVTPSPRLP
	113

	
	505
	637
	PLPQAAPSNPKIPLTTPSPSPTAAAAPTTTTLSPPPTQQQPPQSAAPAPSPLLPQQQPPPSAARAPSPLPPQQQPLPSATPAPPPAQQLPPSATTLEPEKNHPPAADRAGTEISPSPPFGQQPSFGEDASGGA
	133

	
	653
	676
	MSDSEEAESDLASDIPTTEDEDMF
	24

	
	685
	705
	LESGSSAPTSPITLDTARSQY
	21

	
	710
	717
	FDIETPEM
	8

	
	739
	753
	IVYDPASNREVPEAD
	15

	
	820
	827
	ENKGRAGE
	8

	
	863
	873
	QLAESDDGKFD
	11

	
	886
	910
	SGGDQEGGEGGGEPEDNSIYRGPHV
	25

	
	933
	945
	TAVARQQAGVDEE
	13

	
	958
	968
	YGAPPAASVPP
	11

	
	1063
	1102
	GIPWPLERVEEDDPSIAPLPEFETVAKKQKELETTRENEK
	40

	
	1120
	1152
	VASAPGAPISPASPSATPANHDNPEATPPLADT
	33

	
	1170
	1177
	IVGAAKNP
	8

	
	1228
	1236
	VLDPEVQDG
	9

	
	1297
	1305
	TVTGQAPED
	9

	
	1338
	1347
	KNNNNDQLRQ
	10

	
	1358
	1367
	EGFKPATEEQ
	10

	
	1373
	1382
	DTAPNKELKR
	10

	
	1394
	1420
	TGRKEKEKLREQEDKERRERRAREANE
	27

	
	1430
	1443
	GARPEPAPTSPDDW
	14

	
	1452
	1461
	PDNTDSAAAA
	10

	
	1501
	1522
	DGGAAERMEAAEPGWFTEIETG
	22

	
	1529
	1550
	AWPATPAATAKEGGGGRGAEEA
	22

	
	1573
	1583
	QALQSPDMKSA
	11

	
	1588
	1598
	DLEAPYAEYER
	11

	
	1624
	1656
	RTLPEATNDPGQANLPPPPTIPQATAPPRLASD
	33

	
	1733
	1743
	RSRDEAPDDEL
	11

	
	1747
	1758
	LPSPPKAPVQAP
	12

	
	1766
	1776
	AAAGNGSWPYR
	11

	
	1832
	1839
	MAQNSMDG
	8

	
	1852
	1863
	PKRVAGGKETFA
	12

	
	1878
	1887
	EAQEESQLQG
	10

	
	1896
	1903
	ARGHTDPR
	8

	
	1970
	1983
	SAPPTGWGNGAPTR
	14

	
	2005
	2024
	ESPCDPLNPAYVSADTQEPL
	20

	
	2047
	2069
	AFSLTPAGRPQAIGPPQDDQERR
	23

	
	2083
	2100
	AAAADSYWDTWPDVESNA
	18

	
	2138
	2149
	RNHPPYPAPATD
	12

	
	2213
	2235
	SPASGRGGMPSTTRGSDDGEDAR
	23

	
	2309
	2315
	PLEGPVA
	7

	
	2328
	2353
	YTRGEELPRAEGLEVPRETPSSYGTV
	26

	
	2365
	2379
	GTPITGPKRGSGDTI
	15

	
	2447
	2455
	DGYSESFEP
	9

	
	2475
	2486
	RAAKPKEARPPT
	12

	
	2517
	2528
	AGASRWPTDVLN
	12

	
	2531
	2552
	FYEHEDPPLPVGYQLPPNPRNV
	22

	
	2570
	2619
	GDGFQSADNTPASSDRLQQLGGGETDQGEKGSTTAESEASGPPSPQSPLL
	50

	
	2622
	2647
	VAPGRPRDWLSPTSSPRDVTVTPGLA
	26

	
	2663
	2687
	FGAETRASESPDRSPGRSPRPWPKD
	25

	
	2689
	2706
	LELLPQPAPQQPPSKPIV
	18

	
	2710
	2725
	SPHSTPSTASGSQKKH
	16

	
	2732
	2763
	LVPSQKPSYSPSAPYKPGQSTGGIAPTPSAAS
	32

	
	2769
	2786
	LQPQDTQASSQDPPYGHS
	18

	
	2790
	2812
	REKKQQGGREEAAEIRPSATRLP
	23

	
	2816
	2932
	GLRPRAPVVAAGAAASATPAFDPGEAPSGLPIPQAPALGSGLAAPAHTPVGALAPSPQKTQAQRPQDAAALPTPTIKAVGARPVPKATGALAAGARPRGQPTAAPPSAASPPRVSLP
	117

	
	2934
	2960
	RSRQQQSPAIPLPPMHSGSEPGARPEV
	27

	
	2966
	3011
	RHAGPQTYTVQKEAPPSAASQLPKMPKCKDSMYYPPSGSARYPAPF
	46

	
	3019
	3030
	SVASPAPSSDQT
	12

	
	3055
	3081
	TGGSTSGDLVVPSGSPSSLSTAAPEQD
	27

	BOLF1
	5
	27
	MESDSSGGSGGADAQPPLAEVDG
	23

	
	38
	44
	LSGDDPA
	7

	
	55
	64
	LGIFGLGDLA
	10

	
	102
	111
	FSRRSFGLGH
	10

	
	121
	139
	SSLPPTTASPATDDPLDGS
	19

	
	157
	170
	EEGSGEVLAVSGPT
	14

	
	189
	205
	DAFPREGLSFYAFNAAK
	17

	
	221
	235
	RYPWAAAGQGQPTAA
	15

	
	246
	263
	EHSGGGAGGGEGEESGGG
	18

	
	296
	305
	ASGGQTPPVA
	10

	
	369
	381
	AAGSRASFSPAAI
	13

	
	409
	420
	PRVSRSRWRWLE
	12

	
	463
	497
	EAVDRRARRTSGPSTPAAAPAATAVGVGAAADPWD
	35

	
	538
	574
	WQAPAPAPALPCKPPLLPGEQGRRQWTAAVAAAPRTD
	37

	
	580
	580
	R
	1
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	BALF1
	7
	17
	LDSPHPGLASY
	11

	
	28
	48
	SLKPVSWPDETMRPAKSTDSV
	21

	
	53
	68
	PVEAWVAPSPPDDKVA
	16

	
	116
	126
	CRTADIGGKDT
	11

	
	194
	204
	GGMPRSLRRQF
	11

	BARF1
	34
	57
	YWRRVSLGPEIEVSWFKLGPGEEQ
	24

	
	108
	121
	LGETEVTKQEHLSV
	14

	
	128
	139
	SVHSERSQFPDF
	12

	
	151
	159
	FPHPHVQWL
	9

	
	161
	183
	PEGVEPAPTAANGGVMKEKDGSL
	23

	
	204
	212
	KNDKEEAHG
	9

	BNLF2b
	19
	87
	RRMSKRSKNKAKKERVPVEDRPPTPMPTSQRLIRRNALGGGVRPDAEDCIKRCHPLEPALGVSTKNFDL
	69

	BNLF2a
	5
	39
	LERTLLEQQSSACGLPGSSTETRPSHPCPEDPDVS
	35

	LMP-1
	4
	22
	DLERGPPGPRRPPRGPPLS
	19

	
	188
	378
	GQRHSDEHHHDDSLPHPQQATDDSSHESDSNSNEGRHHLLVTGAGDGPPLCSQNLGAPGGGPDNGPQDPDNTDDNGPQDPDNTDDNGPQGPDNTDDNGPQGPDNTDDNGPHDPLPHNPSDSAGNDGGPPELTEEVEKKGGDRGPPSMTDGGGGHSHDSGRGGGDPHLPTLLLGTSGSGGDDDDPHGPVQLS
	191


The core similar sequences are marked with the red color. To facilitate alignment, some short epitope sequences are filled up to at least 15 aa by adding flanking sequences and marked with the blue color.


Extended Data Table 2 | Epitopes of rubella virus.
	Protein
	Start
	End
	Epitope
	Length

	RUBVgp1
	6
	14
	DEVLAPGGP
	9

	
	58
	67
	FTQMQVSDHP
	10

	
	78
	86
	RHWIEWGPK
	9

	
	154
	163
	PEDVPHGGRA
	10

	
	219
	243
	DGGCPADCRGAGAGPTPGYTRPCTT
	25

	
	246
	258
	YQVLPDTAHPGRL
	13

	
	299
	313
	RHVRSLQPSARVRLP
	15

	
	321
	329
	VGRWRWFSL
	9

	
	343
	356
	TLSPDAYYSERVFK
	14

	
	373
	382
	QEGWKGTCAE
	10

	
	433
	449
	LGSVPLAERMEEWEQDA
	17

	
	451
	478
	VAAFDRGPLEDGGRHLDTVQPPKSPPRPEIAATWIV
	28

	
	501
	519
	CDVPRERPSAPAGQPDDEA
	19

	
	529
	561
	RRALRCREWDFEALRARADTAAAPAPPAPRPARYPTVL
	33

	
	595
	604
	LGQPLRGPER
	10

	
	628
	637
	PPERPWADGG
	10

	
	681
	687
	LAQQGAA
	7

	
	696
	816
	PGGAAFDANAVTAAVRAGPRQSAAASPPPGDPPPPRRARRSQRHSDARGTPPPAPARDPPPPAPSPPAPPRAGDPVPPIPAGPADRARDAELEVACEPSGPPTSTRADPDSDIVESYARAA
	121

	
	898
	908
	RPRDPAALEEG
	11

	
	987
	1036
	AGLAARRVSPPPTEPLASCPAGDPGRPAQRSASPPATPLGDATAPEPRGCQG
	50

	
	1040
	1048
	CRYTRVTND
	9

	
	1058
	1067
	RDRGATSWAM
	10

	
	1081
	1118
	ATHFPLNHYSVLKPAEVRPPRGMCGSDMWRCRGWHGMP
	38

	
	1133
	1149
	PSNAHAALCRTGVPPRASTRGGELDP
	17

	
	1172
	1218
	SAGCPKCAYGRALSEARTHEDFAALSQRWSASHADASPDGTGDPLDP
	47

	
	1233
	1239
	GSEHEAP
	7

	
	1282
	1290
	PRRVSDRPH
	9

	
	1296
	1302
	PLSRGGG
	7

	
	1308
	1327
	DEGLAQAYYDDLEVRRLGDD
	20

	
	1338
	1344
	QRPRKGP
	7

	
	1387
	1396
	LRARDIDIKN
	10

	
	1445
	1470
	DQCGPHYANNCRTPVPDRWPTERSRH
	26

	
	1483
	1490
	RAGLDYDI
	8

	
	1502
	1508
	LWDGRQV
	7

	
	1549
	1558
	RDGTDVALAL
	10

	
	1580
	1588
	EDGSLRAAG
	9

	
	1599
	1696
	AELKEVPAGIDRVVAVEQAPPPLPPADGIPEAQDVPPFCPRTLEELVFGRAGHPHYADLNRVTEGEREVRYMRISRHLLNKNHTEMPGTERVLSAVCA
	98

	
	1698
	1705
	RRYRAGED
	8

	
	1716
	1728
	VARQHPRPFRQIPPPRVTAGVAQEW
	13

	
	1735
	1772
	QEWRMTYLRERIDLTDVYTQMGVAARELTDRYARRYPE
	38

	
	1778
	1788
	CTAQSLSVPAF
	11

	
	1799
	1812
	ALGPRDTEDCHAAQ
	14

	
	1878
	1886
	TEFDMNQTL
	9

	
	1916
	1924
	YCTLRELGS
	9

	
	1974
	2004
	PEGARSAALKWTPAEVGLFGFHIPVKHVSTP
	31

	
	2031
	2039
	CRRFDPDVL
	9

	
	2103
	2113
	IQTPYARANLH
	11

	RUBVgp2
	6
	18
	PITMEDLQKALEA
	13

	
	28
	132
	AAGASQSRRPRPPRQRDSSTSGDDSGRDSGGPRRRRGNRGRGQRRDWSRAPPPPEERQETRSQTPAPKPSRAPPQQPQPPRMQTGRGGSAPRPELGPPTNPFQAA
	105

	
	134
	150
	ARGLRPPLHDPDTEAPT
	17

	
	175
	187
	TNLGTPPLDEDGR
	13

	
	195
	202
	RWDPALMYNPCGPEPPAHVVRAYNQ
	8

	
	207
	238
	RAYNQPAGDVRGVWGKGERTYAEQDFRVGGTR
	32

	
	247
	273
	VRGLDGDSAPLPPHTTERIETRSARHP
	27

	
	299
	332
	RAGLQPRADMAAPPTLPQPPCAHGQHYGHHHHQL
	34

	
	348
	360
	GQHYRNASDVLPG
	13

	
	371
	380
	NLSDWHQGTH
	10

	
	394
	434
	MDFWCVEHDRPPPATPTPLTTAANSTTAATPATAPAPCHAGLNDSCGG
	41

	
	439
	450
	CGPMRLRHGADT
	12

	
	462
	468
	TAQYPPT
	7

	
	493
	519
	GWTCRGVPAHPGARCPELVSPMGRATC
	27

	
	638
	646
	DVSCEGLGA
	9

	
	651
	661
	APCARIWNGTQ
	11

	
	685
	710
	NPGGSYYKQYHPTACEVEPAFGHSDA
	26

	
	764
	773
	HPFCNTPHGQ
	10

	
	776
	784
	VQVPPDPGD
	9

	
	791
	852
	NYTGNQQSRWGLGSPNCHGPDWASPVCQRHSPDCSRLVGATPERPRLRLVDADDPLLRTAPG
	62

	
	874
	922
	RAGPYGHATVEMPEWIHAHTTSDPWHPPGPLGLKFKTVRPVALPRTLAP
	49

	
	937
	947
	PALVEGLAPGG
	11

	
	957
	1000
	EDLGAVPPGKFVTAALLNTPPPYQVSCGGESDRATARVIDPAAQ
	44

	
	1013
	1020
	AVSETRQT
	8


The core similar sequences are marked with the red color. To facilitate alignment, some short epitope sequences are filled up to at least 15 aa by adding flanking sequences and marked with the blue color.


Extended Data Table 3 | Epitopes of variola virus.
	Protein
	Start
	End
	Epitope
	Length

	GP001
	17
	25
	KDSLNTVAD
	9

	
	39
	50
	HRWTHRESAGSL
	12

	
	77
	86
	PWDNIDNCVE
	10

	
	91
	98
	FIRNDSMK
	8

	
	118
	124
	GRVFNDK
	7

	
	137
	143
	NENDYFT
	7

	GP002
	19
	47
	ANSGNAIETTLSEITNTTTDIPAIRLCGP
	29

	
	75
	96
	YTGIRCQHVVLVDYQRSEKPNT
	22

	
	126
	136
	TRRTNKLPLQD
	11

	GP003
	4
	10
	YNDKGLQ
	7

	
	27
	36
	RELFKHVTDS
	10

	
	80
	94
	PNDDNKRTCSNWVPL
	15

	
	120
	126
	HPTGNIK
	7

	
	136
	146
	TLDFKSKKVLT
	11

	
	162
	172
	RSMTTIHYGDV
	11

	
	219
	233
	HLGIGIVKDKRISDS
	15

	
	266
	273
	NIAWDTDKLDDDTDIWTPVT
	8

	
	295
	301
	KSQSDTV
	7

	GP004
	5
	27
	PTKINISSIDHVTILQYIDEPND
	23

	
	52
	66
	PHLANQFRAWKKRIA
	15

	
	134
	171
	DNNTYTPNTPNNTTTISELDIIKILDKYEDVYKVSKEK
	38

	
	180
	196
	VYSKRLENDRYFGLLDS
	17

	
	210
	224
	HRTRRETGASDNCPI
	15

	
	230
	238
	RNITMSKFY
	9

	GP005
	22
	36
	ETKCPNLDIVTSSGE
	15

	
	44
	50
	EHMPKFS
	7

	
	58
	90
	DMKSDEYAKFIEHLGDGIKEDETIRTTDGGITT
	33

	
	99
	105
	DTNKFAH
	7

	
	115
	123
	LNGVSKKNI
	9

	GP006
	22
	32
	RDPNDTRNQFK
	11

	
	59
	68
	TNPLHKNWRH
	10

	
	93
	101
	EATGFSNIN
	9

	
	127
	135
	FDLSVKCEN
	9

	
	162
	173
	CNVLYEDDEYGY
	12

	
	195
	205
	LYSESDTRAYV
	11

	
	218
	226
	IKPSSIDKN
	9

	
	253
	262
	DNTAYSYIDD
	10

	
	279
	294
	YRYNEDVNLDLVKLFL
	16

	
	322
	331
	KTMNSNILQH
	10

	
	355
	364
	AVVNKEAIHG
	10

	
	382
	394
	KKGGDVINYLDDG
	13

	
	406
	427
	YGCYNFYTYIYKKGLCVMSYAC
	22

	
	441
	449
	KDINMIDKR
	9

	GP007
	6
	13
	CKTFDACS
	8

	
	16
	37
	SLVERNENSLNVYVTKKNKNIK
	22

	
	48
	67
	TNYKNINDFDIFEYIESDNI
	20

	
	80
	101
	LEINSCKNGINIVEKYATTSNP
	22

	
	111
	138
	DQGIPMCSNVSYGYKIIIEKKLLTSQVG
	28

	GP008
	16
	28
	ALRNLQLHRGDNY
	13

	
	102
	110
	DDENELFKH
	9

	GP009
	4
	16
	YNKADSFSLESDS
	13

	
	32
	39
	DEMRPSIG
	8

	
	46
	73
	ETFKIDAVRYYDGNIYDLAKDINAMSFD
	28

	
	81
	87
	NISSKKD
	7

	
	143
	152
	RRIQRRYPIDDDEEDR
	10

	GP010
	5
	40
	MNRLDLDKLKHENIFSGNIIEDAKEFVFGSRKIYTD
	36

	
	56
	62
	NNEKLKD
	7

	
	87
	96
	FYKENGLRNS
	10

	
	103
	122
	NNNIEEIRNTDQFLKFDVDS
	20

	GP011
	6
	14
	IFNHGEFDT
	9

	
	26
	35
	VKWNTINSNV
	10

	
	76
	84
	RFNDTTLTD
	9

	
	120
	134
	MFSKSLNFRFENVKR
	15

	
	149
	157
	PSICRIQYD
	9

	
	208
	218
	YTRFRKNHIYD
	11

	
	251
	261
	DNDKLESGNNT
	11

	
	264
	271
	PKTDDEYK
	8

	
	279
	286
	IAKFNNTK
	8

	GP012
	13
	48
	GIGCVLSCCTIPSRPINMTFKNSVETDANANYNIGD
	36

	
	58
	68
	YRKQKMGPIYA
	11

	
	70
	94
	CTGTGWTLFNQCIKRRCPSPRDIDN
	25

	
	96
	105
	HLDIGGVDFG
	10

	
	128
	169
	LGSTGSMVWNPKAPICESVKCQLPPSISNGRHNGYNDFYTDG
	42

	
	193
	228
	GEWSNPPTCQIVKCPHPTILNGYLSSGFKRSYSYND
	36

	
	252
	259
	NTWQPELP
	8

	GP013
	40
	52
	SKWIRHPNLITPR
	13

	
	72
	79
	TTYEKYVI
	8

	
	88
	100
	KNCWIKKSPMPRH
	13

	
	135
	147
	DKWIELYMYFNHV
	13

	
	171
	183
	PKSNTWICSMCQL
	13

	GP014
	5
	23
	KWIHKNPNDVDIINSLHPK
	19

	
	34
	46
	SKSTKPVTRNGIK
	13

	
	59
	68
	STITHYSPRT
	10

	GP015
	36
	47
	LSDRDYTSITKE
	12

	
	78
	90
	VDIDIETKLKPKP
	13

	
	118
	154
	EQDIPLGPLFKKIDSYRIRAINKYSKELGLATEYFNK
	37

	
	200
	209
	SIDDRRKFKK
	10

	GP016
	13
	25
	NDGDPSYYNDDFE
	13

	
	48
	68
	MTLSDGPLLDRLNQPVNNVED
	21

	
	82
	92
	DIGERPEIRWE
	11

	GP017
	5
	13
	TMDNNEPKV
	9

	
	18
	31
	YDSPILPEGSSMDP
	14

	
	64
	71
	NKDELNNT
	8

	
	102
	109
	RKRPNQHH
	8

	
	118
	128
	KRTRYDTFKVD
	11

	GP018
	33
	39
	EPSGNYH
	7

	
	62
	71
	GYSPNETDDDGNYPLH
	10

	
	97
	105
	DPNACDKQH
	9

	
	131
	139
	AKINNSVDE
	9

	
	164
	173
	FEARIVDKFG
	10

	
	199
	208
	ISPSKPDHDG
	10

	
	233
	242
	TDVNKQNKFG
	10

	
	347
	355
	FSVDSVVNG
	9

	
	379
	391
	PTSETMYLTMKAI
	13

	
	414
	422
	DFCKNRRYF
	9

	GP019
	17
	31
	SVEYKNTICPPRQDY
	15

	
	48
	54
	INSTIIG
	7

	
	111
	117
	RLDKVHH
	7

	
	130
	148
	CGTTKYNSDLPESIHHKSS
	19

	
	165
	193
	TDPTKINPHYLHPKDKYLYHNSKYGMRGS
	29

	
	200
	216
	DELNQCLLDIKELSYDI
	17

	GP020
	49
	57
	ANLENVLLD
	9

	
	59
	65
	AEIAKND
	7

	GP021
	5
	30
	RINTRKSKQLKSFLSSKDTFKADVHG
	26

	GP022
	72
	80
	DLRKIDLGP
	9

	
	90
	98
	AKPKTSKYT
	9

	
	113
	136
	CIKPSYYQQYHRFGLYRLNFRRDA
	24

	
	146
	160
	RRSGMSNVVDSTMLD
	15

	
	178
	195
	QYPFDITKTHNTSFTNKY
	18

	
	241
	249
	DNMTHFTDS
	9

	
	291
	311
	PSMFNPDNASFKHMTRDPLYI
	21

	
	324
	344
	EQGTVAEASTIMVATVRSSPE
	21

	GP023
	46
	57
	MHMNRYFKYRDK
	12

	GP024
	18
	25
	DEICSRDS
	8

	
	56
	72
	ELMKFDDAAIRYYGIDK
	17

	
	89
	97
	LTEVHDQES
	9

	
	111
	135
	HWGYKKISESRFQSLGNITDLMTDD
	25

	GP025
	16
	44
	DDIDDIDDIDDIDDIDDIDDIDDIDDIDD
	29

	
	47
	62
	DIDDIDDIDDIEDKASNNDHNY
	16

	
	75
	87
	NKSTNILDYLSTE
	13

	
	101
	114
	KQRLDDLYRQLPTK
	14

	
	128
	136
	KVNNDYNRD
	9

	
	213
	228
	DISPPDNTIPNISTRE
	16

	GP026
	17
	28
	NRAKSPTRQSPY
	12

	
	125
	143
	LKEVQSLDSTDRGDQGFGS
	19

	GP027
	17
	28
	NNWIPIPPMNSP
	12

	
	63
	72
	WVNMPSLLKP
	10

	
	106
	117
	DQWQFGPSTYYP
	12

	
	144
	157
	SNTWSLIDDTIYQR
	14

	GP028
	30
	54
	EASFWTVEEVDISKDINDWNKLTPD
	25

	
	117
	124
	KDSNEKNY
	8

	
	143
	151
	QKWIHDSAG
	9

	
	239
	249
	LPVKLIGMNCE
	11

	
	268
	315
	FKRIYNVTNPSDFMENISLEGKTNFFEKRVGEYQKMGVMSQEDNHFSL
	48

	GP029
	83
	97
	LRYEDSGSYKGVSHL
	15

	
	159
	189
	RWKYLPFPTDDYRYVGELKRYISGNPYPIES
	31

	
	220
	262
	YSFHKMLNARHICESEWEALNNNNDNSSSMPVSHNNRANDLSS
	43

	
	267
	282
	LQNDNDDNNDYSAPMN
	16

	
	313
	319
	RSKYSHI
	7

	GP030
	13
	22
	IDLIKNDQIK
	10

	
	29
	52
	IEESDSLLSVNEVYANHGFDCVEM
	24

	
	58
	68
	INENLEQYKTD
	11

	GP031
	13
	48
	CDAKNKFKKDDIEEEGEGYCDYKNLNDLDEATRIEF
	36

	
	55
	75
	NEEKSDINTLDIKRRYRHAIE
	21

	GP032
	4
	61
	SKRKHESRRPQQEQEQHRPRTPPSYEEIAKYGHSFNVKRFTNEEMCLKNDYPRIISYN
	58

	GP033
	20
	30
	QKLAQHSIPTN
	11

	
	77
	88
	LPEKDRRAIAEE
	12

	
	90
	98
	GIDLNDVPS
	9

	
	111
	119
	AEVNNIIDI
	9

	
	126
	132
	ECSAPPG
	7

	
	159
	174
	NKIYVPPIIENRLPYY
	16

	GP034
	5
	22
	NDSSPEYQWMSPHRLSDT
	18

	
	37
	46
	QLDLHQNWAP
	10

	
	56
	86
	NFNRETLLKIEENDYINSSFFQQKDKRFYPI
	31

	
	117
	125
	KLYSPMETT
	9

	
	181
	189
	GQELSLRYS
	9

	
	237
	246
	HEKRTNYEYE
	10

	
	261
	275
	DKVDTELAIKLGFKS
	15

	
	344
	365
	FDFSQVAGIINKKIKNNFKVEH
	22

	
	384
	390
	EIEKDIE
	7

	
	404
	419
	TDCDKYRLKVSILHPI
	16

	GP035
	10
	57
	KMLKRGSRKFSSMLARRHTPKKMNIVTDLENRLKKNSYIENTNQGNIL
	48

	
	65
	95
	TMSVETLFGSYITDDSDDYELKDLLNVTYNI
	31

	
	126
	139
	KHRDGFTKGALYLG
	14

	
	214
	225
	IPNISSNDNAKI
	12

	
	269
	297
	NLYANTIKESLLKETIQKDINITHTNITT
	29

	
	307
	320
	KLVKSLVDKEDTDI
	14

	
	329
	350
	IKNCGGVKNRDTIVNSLSLSNL
	22

	GP036
	9
	19
	MKTANNYETIE
	11

	
	67
	80
	HCTKLRSSPPIPMS
	14

	
	84
	100
	MDEIDHESYYSPKTSDY
	17

	
	150
	164
	KFNDYRKQMYRKFSK
	15

	
	186
	219
	LETYTRPEIDVLPFDIKYISRDELWAQISSSLDQ
	34

	
	298
	304
	PNNCGWK
	7

	
	327
	334
	SCGLSLQD
	8

	
	337
	365
	YHWGSKPESRPFDLIKKIDAKRNIKSWVK
	29

	
	442
	450
	IVNNQKSNK
	9

	
	462
	478
	SKQYPAGRPNYVKNGTK
	17

	
	554
	564
	IYDLNTVTTNN
	11

	
	571
	577
	ENINFNN
	7

	
	618
	627
	IRSSYKDINE
	10

	GP037
	21
	31
	ENMDFRSDHLT
	11

	
	86
	100
	RGKRNLGELQSHCPD
	15

	
	106
	115
	VNIDKKNNVG
	10

	
	169
	222
	AFNSVKNSWLNLYSSACCLPVSTAYHIKNPIGGVFFTDSPEHLLGYSRDLDTDV
	54

	
	245
	255
	TRVDGNSYYWP
	11

	
	356
	369
	KIFERDWVSSHSKS
	14

	GP038
	5
	15
	VYSEGLEISTD
	11

	
	21
	32
	SQLSTSDMDIEI
	12

	
	49
	60
	CDVDFDEDFSDI
	12

	GP039
	5
	39
	EEYCGLHKLKMEIFNVEELINMKPFKNMNKITINQ
	35

	
	55
	71
	TPRYIPLTSISSSNIIR
	17

	
	88
	95
	HFQQPQFQ
	8

	
	123
	127
	KYCISNRGDDDSLSINLFI
	5

	GP040
	32
	59
	SMQIVKEIEEFGTINEKNLEFATWKDVI
	28

	
	104
	113
	AFDGDPPSFR
	10

	
	173
	191
	INNSNGRGINIRVSNNKML
	19

	
	200
	214
	VNKLKMYKTTKCASQ
	15

	
	222
	228
	INKMDII
	7

	GP041
	49
	79
	DKPSSPASERRPSSPSRCERMNNPGKQVPFM
	31

	GP042
	22
	36
	LGRLPSVNEYHMLKL
	15

	
	38
	47
	TRNIQKITVF
	10

	
	59
	77
	NKKRFFSDVDTSASEIKDR
	19

	
	80
	91
	SYFSKQTQTYNI
	12

	
	127
	136
	ISYNVTSMEE
	10

	
	146
	163
	NVAVIDKAKVMGRHNVSS
	18

	
	198
	206
	IRYGDIDIL
	9

	
	320
	332
	HGIVFDGKRNNMP
	13

	
	371
	385
	LDLNADTSCDFESVT
	15

	
	451
	466
	KIPIYSHTERDKKHGR
	16

	GP043
	12
	21
	LDNECHTITK
	10

	
	142
	178
	KESIYRMSYQFSENEIVTIINRDHFMYEPIYEHQVLD
	37

	
	229
	236
	KNQLTEDS
	8

	
	347
	353
	NPVPVTS
	7

	
	379
	392
	EIDIDTLIEKGADP
	14

	
	402
	408
	WYNKHND
	7

	
	446
	458
	DENRGAIMFFPRT
	13

	
	471
	504
	KLIQKPIPFKEENRNIVYKKTNRVLCFDLLENSA
	34

	
	541
	549
	QESIHNEER
	9

	
	586
	595
	GREYTNPQKI
	10

	
	606
	613
	EEFIEYQN
	8

	
	623
	629
	ELEYTIS
	7

	
	673
	681
	KINELLSEP
	9

	
	694
	712
	DRASSGDSSFIFLKKNELS
	19

	GP044
	5
	13
	YIDERSDAE
	9

	
	19
	27
	IKNIGLEGV
	9

	
	37
	44
	NMEKREVN
	8

	
	56
	115
	VYSSDDIPPRWFMTTEADKPDAMTMADVIIDDVSREKSMREDHKSFDDVIPAKKIIDWKN
	60

	
	137
	145
	IESVGPSNS
	9

	
	160
	169
	DKADGKSKRD
	10

	GP045
	5
	19
	YISSYSSNEQTSMAV
	15

	
	32
	40
	VDDANLEDL
	9

	
	57
	74
	GNTKSNIEETKFESKNNI
	18

	
	78
	101
	YSKDSRNKLSYRNKPFIATNLEYK
	24

	
	130
	165
	KGVEYNIDKIKDVSYNDYFNVLNEKYNTPCPNCKSR
	36

	
	191
	239
	KQHFKPPKFRAFRNLNVTTQSIHKNKEITEILPDNNPSPPESPEPASPI
	49

	
	249
	256
	DRNDEPPE
	8

	GP046
	28
	86
	SQCPMINDDRFTLKRKYQIDSVESTMKMDKKRTKFQNRAKMVKEINQTIRAAQTHYETL
	59

	
	94
	117
	KKMIRTTTLEDITTSIPNIQKIYK
	24

	
	162
	172
	MSKIKHKIFSP
	11

	
	185
	195
	RFYNNECRSNK
	11

	
	209
	216
	AESDKYTI
	8

	
	222
	237
	LRPIYRIKGKSEEDTL
	16

	
	245
	251
	QCVTSQE
	7

	
	266
	285
	KSGEYKAYRYDDDVENGFIG
	20

	
	296
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	KKTNNKWLDINNDKDIDISKLTNFKQLNSTTDA
	33

	
	146
	154
	SGKLVKTVC
	9

	GP142
	46
	56
	VRDIKYSDMQK
	11

	GP143
	31
	38
	TVYNDNKI
	8

	
	44
	90
	KKIKSSNSSKSSKSTDNESDWEDHCSAMEQNNDVDNISRNEILDDDSFAGSLIWDNE
	47

	
	99
	133
	NESNVIAPSTEHIYDSVAGSTRLINNDCNEQTIYQ
	35

	
	137
	211
	VINETETIEVLNEDTKQNPSYSSNPFVNYNKTSICSKSNPFITELNNKFSENNPFRRAHSDDYLNKQEHDDIESS
	75

	GP144
	16
	29
	KIANFRNAKYREYL
	14

	GP145
	15
	26
	VVNNNEMYHLIP
	12

	
	47
	56
	DNDVNNKNIL
	10

	GP146
	16
	40
	TDKTGSKKSDRKNKNKIKDYMEHDY
	25

	
	46
	58
	VPGSSSTSTSSWY
	13

	GP147
	43
	49
	KYIRWKL
	7

	
	58
	84
	NKTSKTIILSKWHTSAKLHSLSDNDVS
	27

	
	87
	95
	IKYKDILPG
	9

	
	116
	122
	TNWFNDH
	7

	GP148
	15
	25
	IEWHKFETSEK
	11

	
	47
	63
	FSNNKLNKTGLANTNYI
	17

	GP149
	5
	13
	YTADNVIPK
	9

	
	20
	26
	FVDKDGT
	7

	
	39
	45
	GSKRIVK
	7

	
	55
	69
	NDECGPSSLSSHRWS
	15

	GP150
	5
	20
	KQSFSTSNWEDIQSNY
	16

	
	32
	48
	EKVVPHNTFDVIEQYNV
	17

	
	53
	83
	IKPLFNQPIFKGPSDVKWFDIKEKENEHRKY
	31

	
	94
	110
	YSFNTKSKQTRSSQVDA
	17

	GP151
	36
	57
	ERKLIHTPLIDKTIKDAYIRED
	22

	GP152
	17
	33
	QTVYDDKSVCDSDNKEY
	17

	
	44
	69
	LDEPLRQTTCESEIHKYGASVSNGGL
	26

	
	99
	119
	TSLDPWTMEPINSMTYDDLVK
	21

	
	138
	173
	KDFIKTNGNRLKPRDFKTVPPNVGSIIELQSDYCVN
	36

	
	184
	213
	ECGNIKQHSIPTLRDYFTTTNGQPRKILKK
	30

	GP153
	6
	18
	KIIEDISKNNNFE
	13

	
	38
	46
	RTFAKINPG
	9

	
	73
	79
	SLMDENT
	7

	
	110
	118
	PTTSRRDVY
	9

	GP154
	24
	33
	IFRFRSEDVE
	10

	
	40
	49
	YFDRIYNNVV
	10

	
	53
	75
	YIPEHIPYKYNFINRTFSVDELD
	23

	
	85
	95
	FLKHKYGSLNP
	11

	
	125
	140
	TSISTILTSKHKTYSL
	16

	
	158
	167
	KDINDKYNDI
	10

	GP155
	5
	27
	GPNKHGNPFIGHEHTLYDISPGH
	23

	
	45
	52
	NSVIMNGA
	8

	
	116
	125
	QYPGSEIKGN
	10

	
	150
	156
	GIEQGSR
	7

	
	173
	184
	RILFRKPSLLNN
	12

	GP156
	33
	49
	INVVEDPQPLVSKVKVI
	17

	GP157
	46
	62
	GDISRGCNSIGSPEIFI
	17

	
	78
	84
	DTDVNIS
	7

	
	106
	113
	GISYINEK
	8

	GP158
	31
	37
	EVNDTHY
	7

	
	52
	59
	SYNRHNDS
	8

	
	99
	107
	IRHRNTVSG
	9

	
	121
	130
	IKQYGDIDLL
	10

	
	134
	141
	KLKVDSDS
	8

	
	173
	179
	ELTNKKY
	7

	
	189
	200
	ADSIPISELSRP
	12

	
	208
	229
	LRGHTESIEDEFDYFEDDDSSTCSVVTD
	22

	GP159
	5
	64
	NIKPSKENRLSILYKDRMDSFKRGSWATSSFREKSHATIQRFLSLRREHVKVDHPDKFLE
	60

	
	73
	91
	IQKSSSIDVDKRTKLMSNI
	19

	
	109
	117
	ESLDPDNKM
	9

	
	182
	190
	KNTFNVPER
	9

	
	221
	231
	WNKKFIKPVSD
	11

	GP160
	36
	44
	LNFPQRSTV
	9

	
	105
	111
	KGASMTL
	7

	
	133
	156
	KEINRNVGEEIYEDVAFQQKVLQE
	24

	GP161
	5
	11
	YYSGNLE
	7

	
	37
	44
	TIDNDILN
	8

	
	74
	88
	QEIYQNELINSLDDN
	15

	
	122
	142
	NPDFKTTYAEVLGSRIADIDI
	21

	GP162
	19
	26
	GYKEKSKL
	8

	
	48
	58
	LDDRIYNMNDK
	11

	
	72
	81
	QKDMLQDLGY
	10

	
	94
	107
	ENTEIRPRNKSILT
	14

	
	120
	129
	SITKESHQIK
	10

	
	153
	160
	DLKIKAGP
	8

	
	173
	221
	DVFRKSNNLKEIIENESKQNLDSISVSVMTPINPMLAESCDSVNKAFKK
	49

	
	265
	274
	KEYIPKAFKK
	10

	
	291
	298
	NVQLPFGS
	8

	
	302
	309
	HKKKEYKN
	8

	
	324
	334
	GFDMTDIPLYK
	11

	
	385
	394
	NGVYEPGKRR
	10

	
	400
	409
	RDYLNEGSMA
	10

	
	422
	428
	GKGAKGG
	7

	
	467
	491
	TMVKINKDPKKIPEWLVVNKIYIPD
	25

	
	510
	521
	FTSSKSHTANGI
	12

	
	532
	546
	REDKTWKESTHLNDL
	15

	GP163
	19
	31
	INHIKNDFMIKPC
	13

	
	44
	50
	IDGQSKN
	7

	
	69
	77
	KSVYKKNVS
	9

	
	91
	96
	RFANLIKIDDDDKTPTGVYNYF
	6

	
	188
	196
	RLHGEIPSS
	9

	
	237
	246
	NILDNTTIND
	10

	
	260
	267
	LDRDEMLN
	8

	
	285
	296
	IGEFGSSILGKY
	12

	
	315
	321
	QDYIPGR
	7

	GP164
	29
	44
	RKFDNDAEEQFGTIEE
	16

	
	50
	59
	RLNAEEGADN
	10

	GP165
	5
	12
	YDQYPYRS
	8

	
	27
	44
	YDIPELKYPRSNCGGVAD
	18

	
	54
	68
	QDSSLISSIDRWKPS
	15

	GP166
	41
	51
	WMMHQRLPINV
	11

	
	70
	77
	NSSVVNGI
	8

	
	88
	101
	YDEWTKLSSLNIPR
	14

	
	134
	148
	KDRWTLDNSHVLPRN
	15

	GP167
	18
	31
	PYPQTQISKKIGDD
	14

	
	71
	85
	NYTKDKISYDSPYDD
	15

	
	94
	100
	SLTAKDA
	7

	
	113
	122
	TNDTDKVDYE
	10

	
	130
	274
	VNTDSESTIDIILSGSSHSPETSSEKPDYINNFNCSLVFEIATPGPITDNVENHTDTVTYTSDIINTVSTSSRESTTVKTSGPITNKEDHTVTDTVSYTTVSTSSEIVTTKSTANDAHNDNEPSTVSPTTVKNITKSIGKYSTKD
	145

	
	302
	310
	KRSRKYKTE
	9

	GP168
	4
	18
	EGVDYHYVNREAIWK
	15

	
	32
	40
	LGNIYGTSK
	9

	
	89
	102
	LRRRNTEADDKIHR
	14

	
	112
	119
	DEANEAGL
	8

	
	141
	148
	QDRIRMYF
	8

	GP169
	5
	13
	GLVLTDNCK
	9

	
	46
	60
	ANGSLFTEQAFYTRV
	15

	
	66
	76
	IEEWKKSHHIS
	11

	
	176
	190
	SNGEHVPFIRNPNKM
	15

	
	231
	240
	WTKIAETKNC
	10

	
	246
	256
	TKQKYVNNTTT
	11

	
	278
	289
	SLTYFEEPNYDK
	12

	GP170
	5
	13
	SSNFTNTIS
	9

	GP171
	6
	26
	EFRRADMVVERFSVSLSPSLT
	21

	GP172
	36
	54
	NPMNKYPPSVLAKDESIEG
	19

	GP173
	8
	22
	ISSFSHRNVQHESSN
	15

	
	36
	42
	VSRHESN
	7

	GP174
	25
	34
	SNSSTSHIIQ
	10

	
	57
	65
	PNLFHILEY
	9

	
	91
	99
	LNINKNGSF
	9

	
	120
	135
	NNDHLDNGIRLMLENG
	16

	
	162
	169
	YIDAVDSY
	8

	
	181
	189
	YKKSESESY
	9

	
	201
	210
	SDVDKKDTHG
	10

	
	235
	243
	ANIDSVDFN
	9

	
	268
	277
	ANVNTRNRFG
	10

	
	297
	307
	ESDTELEIDNE
	11

	
	331
	341
	IDINYRTIYNE
	11

	
	364
	372
	GDFETITTS
	9

	
	397
	406
	PSLKIMILSI
	10

	
	428
	438
	ACMTDYDTLID
	11

	
	457
	468
	DIMKRCYIKNKT
	12

	
	490
	496
	SFVKYTS
	7

	
	526
	534
	DVGDKWACF
	9

	GP175
	31
	41
	LTSTETSFNDK
	11

	
	64
	94
	DKWKYENPCKKMCTVSDYVSELYNKPLYEVN
	31

	
	104
	151
	ETKYFRCEEKNGNTSWNDTVTCPNAECQSLQLDHGSCQPVKEKYSFGE
	48

	
	175
	204
	SWNVIPSCQQKCDIPSLSNGLISGSTFSIG
	30

	
	229
	277
	KWNPVLPICIRSNEEFDPVEDGPDDETDLSKLSKDVVQYEQEIESLEAT
	49

	
	305
	313
	KNNDQYKFH
	9

	GP176
	15
	27
	ERYRSAFNDNGIY
	13

	
	31
	41
	TMIDKLYGYAS
	11

	GP177
	28
	35
	FDSKIEWT
	8

	
	47
	59
	YGIKTWQTMYTNV
	13

	
	84
	95
	GDYKVEEYCTGL
	12

	
	123
	139
	YATRGSKKIPIYKRNDM
	17

	
	163
	169
	IDDYDCT
	7

	
	193
	202
	GFLEKITPWS
	10

	
	222
	230
	EDVSNFKDK
	9

	
	236
	248
	KRKFNKQSQNYMT
	13

	GP178
	20
	35
	STKYINSCVNSSLSLQ
	16

	
	46
	62
	NKTMEQLGITLGSDLEA
	17

	
	87
	93
	MDRQLSK
	7

	GP179
	21
	51
	TIKMQGTTNNNDGSKRTSPIYDNVGNTKDSL
	31

	GP180
	6
	28
	SGKLPWKNKSSIAIQQKREYKKF
	23

	
	38
	46
	PEGNKPLEL
	9

	
	49
	64
	TLDYSQTPNYERLRRL
	16

	
	81
	87
	MLRISNN
	7

	
	99
	129
	DYYGYLQGNRIFYERRECIHFSSDNLVSIDN
	31

	GP181
	43
	63
	SKYVEKEETMDKVSAQNISFK
	21

	
	88
	97
	FQTVDFTDCR
	10

	
	107
	123
	DVFTEGKINPLLTEQLS
	17

	
	141
	160
	LIPFKKEFTSDYPFYVSPTE
	20

	
	219
	229
	DTNFKKWCNSL
	11

	
	243
	253
	VTGSYNLVDTL
	11

	
	257
	276
	GLTDVFYSTGDYSNMCNSDV
	20

	
	291
	300
	EEYTEAAAAT
	10

	
	304
	312
	VADCASTVT
	9

	GP182
	7
	13
	THVFSPQ
	7

	
	15
	25
	CGCDRLTSIDD
	11

	
	40
	49
	AYRNRQCAGQ
	10

	
	115
	124
	WGGEDHPTSN
	10

	GP183
	5
	15
	EADNDRIIPID
	11

	
	39
	45
	NETYSDM
	7

	GP184
	20
	26
	NNQHHFS
	7

	
	30
	37
	YGNNSRCP
	8

	
	64
	71
	ITGSHFTS
	8

	GP185
	8
	14
	VTSLGSN
	7

	
	40
	50
	YYEEDNEDGDG
	11

	
	57
	66
	KIYTTDKRRV
	10

	GP186
	5
	39
	FMQVYEYDREQYLDEFIEDRYNDSFIASPEYYSAE
	35

	
	117
	125
	TRNLDKVSV
	9

	
	129
	139
	KGVKVKKLNRC
	11

	
	174
	182
	TDIMPIEAP
	9

	
	194
	200
	DIHKRIP
	7

	
	231
	240
	SMYRIPPFPI
	10

	
	247
	254
	SQYTNDDI
	8

	
	290
	301
	FNNIDTAITQEH
	12

	GP187
	14
	23
	KSTHKIQENE
	10

	
	47
	57
	YDLNRRQPVTG
	11

	
	83
	92
	VDVTIKPSSG
	10

	
	118
	129
	DKTHLSHKDYSN
	12

	
	140
	148
	MLLKEEDID
	9

	
	160
	168
	IDPNFKQDG
	9

	
	178
	186
	CLAHVYKPG
	9

	
	209
	217
	ANLNALDNC
	9

	
	245
	254
	PNFEICNNHG
	10

	
	281
	289
	TNVGEMPID
	9

	
	318
	328
	KNIDIHTRYEG
	11

	
	352
	361
	GDINALTDNN
	10

	
	394
	402
	VIRSLVDQL
	9

	
	426
	437
	TFYDRHVQNRDS
	12

	
	461
	472
	YEETILLKLSTV
	12

	
	490
	506
	KRYLSVLKKYNNDKSFK
	17

	
	536
	543
	VFTDKKCL
	8

	
	561
	570
	IYDLYNISYP
	10

	GP188
	35
	65
	DFFNKMKDTLPAKDSKWLNPTCIFGGTMNNM
	31

	
	79
	92
	IEDSLLSRRYINKD
	14

	
	101
	113
	GKTRRPLNRRVKN
	13

	
	153
	168
	PSSCIPEIYELGTHDK
	16

	
	195
	206
	INIDDIKYSQTG
	12

	
	249
	266
	PSQDHRFKLILDSKINVI
	18

	
	296
	314
	GWLIGFDFDVYSVLTSRGG
	19

	
	325
	331
	VTEEYIG
	7

	GP189
	15
	23
	DREHINVDS
	9

	
	27
	35
	LCKISNPNS
	9

	
	49
	61
	YNYRSVNGKYKYR
	13

	
	72
	156
	SDYENYNEYYYDDYDRTGMNSESESDNISIKTEYENEYEFYDETQDQSTQLVGYDIKLKTNEDDFVDEFYGYDRSVGVHDYIDKS
	85

	
	160
	183
	VVYGRESYVRWRDIWQEHNDGVYS
	24

	
	190
	198
	DNIYEDRHT
	9

	
	204
	216
	KIDSVSNVNDAEH
	13

	
	241
	253
	MYPRHRYSKHSIF
	13

	
	279
	288
	SLTIKDSSNK
	10

	
	313
	323
	TIYERRYIVHS
	11

	
	347
	358
	LDNYYNTGDRRH
	12

	
	385
	396
	NDINARGENTQM
	12

	
	431
	440
	GADLTIPNDD
	10

	
	468
	482
	KLLNLSRHAPHNLFR
	15

	
	507
	517
	DGFDINCYFEG
	11

	
	541
	549
	ADISLKTGD
	9

	
	575
	584
	PPKSVMSSLT
	10

	
	610
	619
	LLLDPSFYSR
	10

	
	628
	638
	LNQYDYRCFNY
	11

	
	641
	650
	YRVNKKYRKV
	10

	
	661
	671
	VQVLKSILIAN
	11

	
	692
	704
	NNKQLINTVNSNI
	13

	
	732
	741
	ASRSQSSYLS
	10

	
	757
	784
	VYDLRKLYARYMLENETDYHIESRSIST
	28

	GP190
	16
	22
	NRYISSM
	7

	
	46
	53
	YIKDYTNH
	8

	GP191
	15
	26
	MSNISTLITTDA
	12

	
	43
	53
	DNVYLYREGYK
	11

	
	61
	68
	LEYNYITK
	8

	GP192
	31
	41
	YNFNNPSLNKV
	11

	
	50
	59
	IHVELPPMIM
	10

	GP193
	53
	86
	TAEQLSKYIENVNENTPDDKKDDNNDMDVDVPYC
	34

	
	112
	129
	KDDFQTVNFNNANQTKEL
	18

	
	135
	151
	KTMTNGKINSLLTSPLP
	17

	
	169
	189
	KYPFSKHLTYTDKFYISKNIV
	21

	
	207
	214
	INELFGGF
	8

	
	245
	259
	ITEENFKKWCGKLYT
	15

	
	273
	280
	MTESYNLV
	8

	
	288
	307
	LTNIFGYYADFSKMCNETIT
	20

	
	321
	342
	EEYTEASAITGVFMTNFSMVYR
	22

	GP194
	25
	44
	RKTALFHDNQLGHAEDNQDS
	20

	
	104
	124
	DSMEELPTITTYEPSTYNYTF
	21

	
	132
	169
	TEELKVTPSPTTYATVTTPLPTSSVPYDQRSNNNVGTI
	38

	
	176
	203
	KILGVNETELTNYLITHKNATVDNNTLY
	28

	
	208
	217
	FLEINNCYNI
	10

	
	245
	255
	SSDTFISSTNT
	11

	
	264
	271
	NNTSNISD
	8

	
	308
	319
	KIGVKDDKNNTV
	12

	
	349
	380
	TNIISSSVSTTNSRKRRDLNGEFEFSTSEELD
	32

	
	383
	414
	YKSYGVSDDVSHCFSSPRRRRSDDKQEYTEMK
	32

	
	423
	431
	LRIDSVIPR
	9

	
	466
	480
	EKIMPRVPTTATEEQ
	15

	
	483
	499
	ATINRQTKLPAGVKSTP
	17

	
	518
	538
	VTYASSNLPGSSGYVHRPSDS
	21

	
	545
	776
	RRTRLPSDTDSDFEDIQTVVKEYNERYGRRVSRTQSSSSDFEDIDEVVAEYRQKYGGASRGRTSSSSSSDFEDIDEVVAEYRQKYGNAMTKGRGSSKPDPLYSTVKKTPKSIASGVDIVSKQTDYSLLPGVNTGSSIVTPLTRRGATRRPKRPSTPPREDLPPLPLNPPYRQLSRGGDHSLQQVPQRDYSPPHRPPPPLPPKPVPAIPPRDSQPNNKGFSKFVSPRRCRRST
	232

	
	788
	830
	PNDDTYSLLQLPKIEPEYAEVGNGLPKNNVPVIGNKHSKKYTS
	43

	
	859
	876
	QQDRSTALIKKDQMSKDE
	18

	
	975
	988
	DSSFKQNTEAMALY
	14

	
	1072
	1105
	PYEVPISDMQLLKMATHGEPESTKSIPSDVCDRY
	34

	
	1168
	1194
	YDFNDTIIDPNGVAGHASFCTNRSSNQ
	27

	
	1204
	1212
	EDVSSCSSR
	9

	
	1301
	1318
	ISGIPFSSIYTGSVNGRN
	18

	
	1333
	1342
	MYCDNRRPGC
	10

	
	1348
	1353
	PFNENS
	6

	
	1369
	1376
	TYDTNSID
	8

	
	1382
	1389
	KSKTHFPT
	8

	
	1398
	1409
	DNLGNGYNKPEN
	12

	
	1457
	1466
	TSQDYGDGTN
	10

	
	1497
	1505
	FSIPRNISA
	9

	
	1520
	1555
	CASNKEWLKSYGYGNTDATKQRVCFHHWNYVTTSLD
	36

	
	1561
	1571
	EDIWKSDWPDY
	11

	
	1585
	1610
	IWIESKVLQQPPYTFEFTHDDSNEYV
	26

	
	1698
	1707
	DIKDIIESEE
	10

	
	1720
	1732
	RVKKYYPIDNYLC
	13

	
	1823
	1831
	NYLNSSPNI
	9

	
	1862
	1885
	RTRKYKIMKDDTMSIKSEHHNSLE
	24

	GP195
	22
	32
	NGENDGHVSVN
	11

	
	58
	67
	CDLNKQLKCG
	10

	
	93
	102
	VNNFDNKDNK
	10

	
	130
	139
	DDFSKSSDLL
	10

	
	164
	172
	SDPNCVDED
	9

	
	185
	202
	SAFHESNYYKSKSYTKMR
	18

	
	217
	225
	NINAVTKIG
	9

	
	252
	261
	ADTRIRNNFD
	10

	
	287
	298
	EQKYGKLQKEEG
	12

	
	309
	315
	NQGYGSH
	7

	
	328
	336
	DIQKDEYYN
	9

	
	361
	370
	YDINLPTKDD
	10

	
	398
	406
	LKVSLPMIK
	9

	
	432
	441
	LRDESFTELH
	10

	
	460
	485
	FDKIDSIIKKCNWDISRLKDIQISDT
	26

	
	499
	512
	RTYLKAIHLDSHIS
	14

	GP196
	20
	43
	RDAAPYTPPNGKCKDTEYKRHNLC
	24

	
	51
	110
	TYASRLCDSKTNTQCTPCGSGTFTSRNNHLPACLSCNGRCNSNQVETRSCNTTHNRICEC
	60

	
	114
	151
	YYCLLKGSSGCKACVSQTKCGIGYGVSGHTSVGDVICS
	38

	
	155
	256
	FGTYSHTVSSADKCEPVPNNTFNYIDVEITLYPVNDTSCTRTTTTGLSESILTSELTITMNHTDCNPVFREEYFSVLNKVATSGFFTGENRYQNISKVCTLN
	102

	
	258
	282
	EIKCNNKGSSFKQLTKAKNDDGMMS
	25

	
	307
	314
	NAQDYETD
	8

	
	323
	346
	SYRVGNVLDDDSHMPGSCNIHKPITNSKPT
	24

	GP197
	22
	35
	QQSSSSCTEEENKH
	14

	
	46
	88
	TKQDQTPTNDKICQSVTEITESESDPEVESEDDSTSVEDVDPP
	43

	
	107
	121
	KCPQIKSISESANGN
	15

	
	128
	145
	SSVPLGQGKDSPAITRAE
	18

	
	163
	196
	EEEKDSDIQTHPVLESNISHKKVSYEDIIGSTIV
	34

	
	213
	249
	MCKESSDLEVKDGFKYVDGSVSEGVTDDTSLIDSTKL
	37


[bookmark: OLE_LINK33][bookmark: OLE_LINK38]The core similar sequences are marked with the red color. To facilitate alignment, some short epitope sequences are filled up to at least 15 aa by adding flanking sequences and marked with the blue color.


Extended Data Table 4 | Epitopes of mumps orthorubulavirus.
	Protein
	Start
	End
	Epitope
	Length

	MuVgp1
	10
	29
	RFTIEQELQDRGEEGSIPPE
	20

	
	116
	125
	PNARANLTAN
	10

	
	138
	159
	PPTINNGTPYVHADVEGQPCDE
	22

	
	186
	214
	DQPAGSADRRFAKYQQQGRLEARYMLQPE
	29

	
	347
	353
	MRNYTYA
	7

	
	370
	546
	RRQQGTVDNRVADDLGLTPEQRTEVTQLIDRLARGRGAGIPGGPVNPFVPPVQQQQPAAAYEDIPALEESDDDGDEDGGAGFQNGAQAPAARQGGQNDFRVQPLQDPIQAQLFMPLYPQVSNIPNHQNHQINRIGGMEHQDLLRYNENGDSQQDARGEHGNTFPNNPNQNAQSQVGD
	177

	MuVgp2 phoshoprotein
	4
	16
	FIKQDETGDLIET
	13

	
	25
	192
	LSAPIQGTNSLSKATIIPGVAPVLIGNPEQKNIQYPTTSHQGSKSKGRGSGARPIIVSSSEGGTGGTQVPEPLFAQTGQGGIVTTVYQDPTIQPTGSYRSVELAKIGKERMINRFVEKPRTSTPVTEFKRGGPGAAAQGQTIQEEGIDGNGASAGSKERSGSLSGATP
	168

	
	194
	219
	AHLSLPQQDSTPANVGIAPQSAISAN
	26

	
	283
	344
	GVPVDELRRSFSDHVTIVSGPGDVSFSSGEEPTLYLDELARPVPKPRPAKQPKPQPVKDLAG
	62

	
	357
	378
	VANPQMKQVFEQRLAKASTEDA
	22

	MuVgp2 V protein
	4
	16
	FIKQDETGDLIET
	13

	
	25
	171
	LSAPIQGTNSLSKATIIPGVAPVLIGNPEQKNIQYPTTSHQGSKSKGRGSGARPIIVSSSEGGTGGTQVPEPLFAQTGQGGIVTTVYQDPTIQPTGSYRSVELAKIGKERMINRFVEKPRTSTPVTEFKRGAGSGCSRPDNPRGGHR
	147

	MuVgp3
	8
	21
	IPLPKPPDSDSQRL
	14

	
	40
	52
	IRLRKILSGDPSD
	13

	
	68
	82
	PETSEFISESSQQKVTPVVTA
	15

	MuVgp4
	98
	104
	VLEDPQH
	7

	
	133
	144
	IPNLFRHHQISA
	12

	
	155
	165
	YVKSPAKLIAG
	11

	
	214
	229
	KKDSQMAKSMLSDPDG
	16

	
	247
	257
	RNKLRSYDENY
	11

	
	334
	341
	DYASLAKT
	8

	
	348
	372
	KIKVDKDAANYKGVSWSPFRKSASM
	25

	
	15
	26
	VTCLGFAVFSSSVCVNINILQ
	12

	
	35
	46
	VRQLSYYSQSSSYIVVKLLPN
	12

	
	56
	75
	NIQPTDNSCEFKSVTQYNKT
	20

	
	89
	100
	ENINNIASPSSGSRRHKRFAGI
	12

	
	182
	188
	NMSCQIL
	7

	
	208
	219
	QPQLINPALSPI
	12

	
	239
	252
	TLSTSISAAEILSA
	14

	
	310
	323
	LEIGNEQWSYPAKN
	14

	
	336
	343
	NEAERLSL
	8

	
	362
	369
	AGSYMRRF
	8

	
	436
	451
	ISLSQTINTQPIDIST
	16

	
	464
	481
	VKYIKESNHQLQSVNVNS
	18

	
	516
	530
	RRINFKTNHINTISSSVDDLIRY
	15

	MuVgp5
	42
	54
	ALHQRSFSRWSLD
	13

	MuVgp6
	8
	24
	TMSDNATFAPGPVINAA
	17

	
	59
	72
	INDQGLSNQLSSIA
	14

	
	119
	164
	CTGKKQVSNCSTNIPLVNDLRFINGINKFIIEDYATHDFSIGHPLN
	46

	
	233
	241
	QYLSDGLNR
	9

	
	262
	274
	QLETDDYAGSSPPTQKLTLLF
	13

	
	287
	300
	VTERTISPTGLEGN
	14

	
	327
	370
	PAYGGVLPNSSLGVKSAREFFRPVNPYNPCSGPQQDLDQRALRSYFPSYF
	44

	
	439
	447
	YEISFTFTNSGQSSVNMSWIPIY
	9

	
	455
	468
	YSFTRPGSGNCSGE
	14

	
	489
	496
	YSHQSGIN
	8

	
	531
	537
	YGNQGLF
	7

	MuVgp7
	32
	61
	LPNDLEPDDLGPLANQNWKAIRAEESQVHA
	30

	
	68
	87
	VELIARIPSLRWTRSQREIA
	20

	
	100
	115
	AYDLRQSMQLPTVWEK
	16

	
	137
	177
	NQLTGKPNLFTRSRAGQDVKDYSIPSTRELSQIWFNNEWSG
	41

	
	194
	203
	TNQKTGELTD
	10

	
	306
	315
	GDPVVDIKGT
	10

	
	328
	339
	LTEDNIFTEEEA
	12

	
	387
	395
	CAPKVLDFQ
	9

	
	413
	431
	RRSHNGIWPPTTLHGNAPK
	19

	
	434
	458
	IEMRHDNSELKYEYVLKNWKSISML
	25

	
	464
	475
	FDASPDEDLSIF
	12

	
	480
	513
	AISCPKQDWMGVFRRSLIKQRYRDANRPLPQPFN
	34

	
	535
	543
	VTSGEYLRD
	9

	
	551
	559
	SLKEKEIKA
	9

	
	590
	605
	MRENGVVLDQLKLTKS
	16

	
	607
	658
	LTMNQIGIISEHSRRSTADNMTLAHSGSNKHRINNSQFKKNKDSKHEMPDDG
	52

	
	719
	733
	PPSDPTQLDLDTALN
	15

	
	790
	801
	VRSLSHSEKKEQ
	12

	
	818
	829
	HGIGHHLKEQET
	12

	
	912
	928
	FPQTKSLSQDITNAYLN
	17

	
	990
	996
	RRPGKGK
	7

	
	1006
	1014
	TLNIDYLVP
	9

	
	1044
	1050
	AAEEEEE
	7

	
	1095
	1105
	SLEVRPLSAKK
	11

	
	1123
	1141
	IIEKPNIVQPFLNAINVDT
	19

	
	1155
	1162
	WATLLNGR
	8

	
	1180
	1194
	LIIGSDECEHCSSGDDKFTWFF
	15

	
	1205
	1221
	GIRLDNDPASNPPIRVP
	17

	
	1225
	1243
	SKTDERRVASMAYIKGASV
	19

	
	1261
	1267
	DTEESWQ
	7

	
	1279
	1293
	LTLEQLQSLTPLPTS
	15

	
	1297
	1313
	VHRLDDGTTQLKFTPAS
	17

	
	1329
	1337
	VLEIDDQVT
	9

	
	1359
	1368
	NPPINFSVYE
	10

	
	1382
	1440
	RPVESCVVNPPLLPVPFINVPQMNKFVYDPEPLSLLEMEKIEDIAYQTRIGGLDQIPLL
	59

	
	1461
	1484
	LDEATSIVNDAVVQADYTSNWISE
	24

	
	1510
	1517
	YYLRIQGI
	8

	
	1556
	1570
	DVIAPINSPHIASLD
	15

	
	1602
	1612
	SESQLTLSDRV
	11

	
	1631
	1643
	NYPPKVKGMSPED
	13

	
	1654
	1675
	QTVEYVEHIQIEKTNIRRMIIE
	22

	
	1697
	1775
	RDSEEGQFLIASYYNSFGYLEPILMESKIFNLSSSESASLTEFDFILNLELSEASLEKYSLPSLLMTAENMDNPFPQPP
	79

	
	1801
	1807
	SHMKISD
	7

	
	1841
	1878
	SGENPPQRNFAPLPTQFIESVPYRLIQAGIAAGSGVVQ
	38

	
	1885
	1899
	NGNSDITDLSTKTSV
	15

	
	1921
	1927
	VPGSMNS
	7

	
	1999
	2006
	VDPTTSSF
	8

	
	2015
	2023
	TLNEQGFSL
	9

	
	2033
	2061
	WRRRVEQGQIIQDCIDKVISECVRDQYLA
	29

	
	2070
	2089
	GGTPSTRKWLDLPDYLSFNE
	20

	
	2109
	2132
	LKEVIEILKGQSSDHDTLLFTSYNVGPLGKI
	24

	
	2152
	2160
	CILPTQTRL
	9

	
	2174
	2190
	RDVITPMEILKLSPNRK
	17

	
	2206
	2218
	GETSDILLNRSYQ
	13

	
	2234
	2257
	LLTPDVEDSERIDIDNDIPDYDIH
	24


The core similar sequences are marked with the red color. To facilitate alignment, some short epitope sequences are filled up to at least 15 aa by adding flanking sequences and marked with the blue color.


Extended Data Table 5 | Epitopes of human alphaherpesvirus 3 (varicella zoster virus).
	Protein
	Start
	End
	Epitope
	Length

	GP01
	5
	74
	HYSRRPGTPPVTLTSSPGMDDVATPIPYLPTYAEAVADAPPPYRSRESLVFSPPLFPHVENGTTQQSYDC
	70

	
	122
	138
	EEPPNSTTRNYCPEGEG
	17

	
	165
	173
	WSTTPSTLH
	9

	
	187
	211
	LRDRGLGTSTSGIRTAGGLARTTSG
	25

	GP02
	5
	23
	SEYGVPEGVRESDSDTDSV
	19

	
	28
	40
	HTELMQNNASPLV
	13

	
	54
	67
	DVPRPRSRRKASAQ
	14

	GP03
	6
	12
	ETLAYGH
	7

	
	22
	37
	LVRPSLNATAEENPAS
	16

	
	48
	56
	GRTVDLPGG
	9

	
	71
	80
	GKYSKPGERL
	10

	
	105
	112
	EKRSTTLG
	8

	
	131
	138
	RTHGLSNR
	8

	
	148
	156
	YDMHMQRLM
	9

	
	160
	169
	NIAQNTTETP
	10

	
	180
	225
	TEDSGEAALTTSDRPTLPTLTAQGRPTVSNIRGILKGSPRQQPVCH
	46

	
	227
	235
	VRFAEPTEG
	9

	GP04
	5
	12
	GASESSQP
	8

	
	40
	53
	CPANSHAPTPSPLY
	14

	
	81
	92
	RDKPSESPMYVD
	12

	
	100
	118
	LNSQRLLPEMANYNTLCDA
	19

	
	121
	134
	SAATQQMMLESGQL
	14

	GP05
	5
	15
	SIPTDPDVSTI
	11

	
	21
	192
	NLLPDEPSDDFALEVTDWANDEAIGSTPGEDSTTSRTVYVERTADTAYNPRYSKRRHGRRESYHHNRPKTLVVVLPDSNHHGGRDVETGYARIERGHRRSSRSYNTQSSRKHRDRSLSNRRRRPTTPPAMTTGERNDQTHDESYRLRFSKRDARRERIRKEYDIPVDRITGR
	172

	
	194
	246
	IEVVSTAGASVTIDSVRHLDETIEKLVVRYATIQEGDSWASGGCFPGIKQNTS
	53

	
	256
	266
	ELYRTFESYKM
	11

	
	340
	360
	RDNDLGSRTLPELLRQQRFSD
	21

	
	381
	401
	RGSKFVEYDDISCNVQVLQEY
	21

	GP06
	65
	100
	NHSTFLDGLSGYDYSCRENLLSGDTMVKTAISTPLH
	36

	
	147
	159
	FRSSCELISPTSY
	13

	
	271
	286
	PKPTKDNHLNHINTGG
	16

	
	325
	337
	RVQVSLFGESENS
	13

	GP07
	44
	88
	TPDLDDVFVKNGREEITQVIPTKRPREVTENDEENQIMHLFCSRD
	45

	
	98
	104
	GFSTGDV
	7

	
	165
	196
	HHLNRKGLSDNGLCITEATLCKLVKKSVGRQE
	32

	
	249
	262
	DTSYNTLETPLYDL
	14

	
	271
	283
	TYQVPALPNCSGY
	13

	
	335
	344
	TNDRKGLKVP
	10

	
	372
	388
	VTYSDFVNKPVLLKSSN
	17

	
	404
	413
	RLNMRDYIKK
	10

	
	420
	451
	TELGPEIGHKYTITKTYTLSLTYAAKPSKFIG
	32

	
	465
	523
	NIEKQFSPYGWSSTIPSNPPGFDELSNFEDSVVSAEALRAANFANDTPNQSGRTGFDTS
	59

	
	536
	563
	ATGIATHDVSILSYKTPLEALIGHSEVT
	28

	
	590
	619
	SITNRYTLPHEARLIAEDLKQINPCNFVAA
	30

	
	632
	654
	TSVKNVSKISSNIPKDQLYINRN
	23

	
	703
	795
	PKAVVNPNKDPCYFYKTACPEPTVEVLDDDNLLDITSHSDIDFYIENGELYTCVEENYTEDVWFFDTQTTSEVHTHADVSNNENLHETLPCNC
	93

	
	837
	849
	VEYIGPYLRDFSF
	13

	
	900
	916
	RNPANFHFHSRPQSNVP
	17

	
	925
	964
	GGEYAEFFERKVARNKQIFSSPQISLTKALKERGVTCLDA
	40

	
	985
	998
	VHFPGRDREYTLTS
	14

	
	1024
	1032
	RYPHRGGRT
	9

	GP08
	12
	37
	ARIPTEEPSYEEVRVNTHPQGAALLR
	26

	
	86
	99
	ECLKQHHFTEDNPG
	14

	
	105
	113
	RSHMENSKR
	9

	
	131
	139
	AVDVTTDDI
	9

	
	165
	255
	GVVAKPQASFDVSHNHELSIAKGENVGLKTSPIKSEATQLSEIKPPLIEVSDNNTSNLTKKTYPTETLQPVLTPKQTQDVQRTTPAIKKSH
	91

	GP09
	14
	29
	VNTGDMFCSQTIPNRC
	16

	
	51
	59
	DDKVSRHQP
	9

	
	69
	81
	ELPSEKSVTRGGF
	13

	
	107
	113
	DTALADE
	7

	
	160
	239
	QSRLLPKNVLKHLDPIFKSIQVQPLSNSPSNYEKPVISEFADISTVQQGQPLHRDSAEYHIDVPLTYKHIINPKRQEDAG
	80

	
	330
	392
	NTQIHLKHNVLSNIAFPYAIRGKCGIPGVQWYFTKTLDLIATPSERGTRGFGSTDKETNDVDF
	63

	GP10.5
	21
	40
	DSSGEPNFAERNFWHASCSA
	20

	GP11
	5
	31
	DGDRLCRSNAVRRKTTPSYSGQYRTAR
	27

	
	66
	92
	FEHKNTTPRVHQPNDSSGSEDDFEDID
	27

	
	101
	176
	ARLRHELVEDAVYENPLSVEKPSRSFTKNAAVKPKLEDSPKRAPPGAGAIASGRPISFSTAPKTATSSWCGPTPSY
	76

	
	201
	211
	WNSNPPRNNAE
	11

	
	229
	299
	LNLIQAANEADLGEGASVSKRGHNRKTGDLQGGMGNEPMYAQVRKPKSRTDTQTTGRITNRSRARSASRTD
	71

	GP12
	5
	63
	LGTEHHSTDTWNRSKTEQAVVDAFDESLFGDVASDIGSETSLYSHAVKTAPSPPWVASP
	59

	
	75
	81
	DFSEGPR
	7

	
	119
	149
	STVSTKDHVEMFNLTTRGSVRLPSPPKQPTG
	31

	
	192
	209
	KRTTIGLNIQNPDQKAYT
	18

	
	290
	306
	PLTASALREINYRRREL
	17

	
	320
	333
	KSPLVQQPSFSVHL
	14

	
	349
	380
	DAYAVKHPQEPRHVRADHPYAKVVENRNYGSS
	32

	
	387
	406
	APPSPSEILPGDPPRPPTCG
	20

	GP13
	5
	319
	HYNRRQSRRQRISSNTTDSPRHTHGTRYRSTNWYTHPPQILSNSETLVAVQELLNSEMDQDSSSDASDDFPGYALHHSTYNGSEQNTSTSRHENRIFKLTEREANEEININTDAIDDEGEAEEGEAEEDAIDDEGEAEEGEAEEDAIDDEGEAEEGEAEEDAAEEDAIDDEGEAEEDAIDDEGEAEEDAIDDEGEAEEDYFSVSQVCSRDADEVYFTLDPEISYSTDLRIAKVMEPAVSKELNVSKRCVEPVTLTGSMLAHNGFDESWFAMRECTRREYITVQGLYDPIHLRYQFDTSRMTPPQILRTIPALPNM
	315

	
	335
	348
	QPISIERILVEDVF
	14

	
	355
	361
	SKTHKYG
	7

	
	366
	374
	SVYALPYNA
	9

	
	413
	420
	SNRISHGD
	8

	
	443
	479
	DNFGVGDPCWLEDHLAGLPREAVPDVLQVTQLVLPNR
	37

	
	531
	539
	SLKPQFTPT
	9

	
	586
	594
	SLPYYYIPV
	9

	
	646
	652
	CYKESET
	7

	
	713
	722
	AHQTLTSFWK
	10

	
	734
	748
	RPTTDVLPKERDRIV
	15

	
	752
	775
	PIEMNFRFVGLETIYPREQPIPSV
	24

	
	786
	794
	NEILGLDWK
	9

	GP14
	6
	55
	ARSFSSDDRTRKSYDGSYQSFNAGERDLPTPTRDWCSISQRITSERVRDG
	50

	
	77
	101
	DSLTSPVLQSTERHSVLLGLHHNNV
	25

	
	131
	138
	DDLKLSGD
	8

	
	154
	171
	YTTGAEVPVTSEKVNKKS
	18

	
	185
	200
	KPISRHPFKSKVINSD
	16

	
	225
	234
	DDPTNPSPDT
	10

	
	266
	285
	HLKLQFRRIRGPRASVIPDD
	20

	
	291
	298
	LKTGPAVS
	8

	
	327
	336
	KEEWRDGLNG
	10

	
	442
	464
	SKRYTPLHLRRISEPSSVSDQPY
	23

	
	468
	479
	NRLGSPIGTGIG
	12

	
	491
	520
	LSDDVNASSHVINTEAPLNSIAPDTNRQRT
	30

	
	538
	565
	NHCLDIGHTDGSPVDPTYPDHYTRIKAE
	28

	
	567
	647
	EGPVRDESNTMFDQRSDLRHIETQASLNDHVYENIPPKEVGFNSSSDLDVDSLNGYTSGDMHTDDDLSPDFIPNDVPVRCK
	81

	
	650
	658
	VTFRKNTPK
	9

	GP15
	5
	24
	SCWTKVPGFTLTGELQYLKQ
	20

	
	30
	42
	RYGVRKRDRTGIG
	13

	
	84
	147
	TDSKELAAKDIHIWDIYGSSKFLNRNGFHKRHTGDLGPIYGFQWRHFGAEYKDCQSNYLQQGID
	64

	
	274
	294
	TDINDFKWDDFQLDGYNPHPP
	21

	GP16
	5
	281
	QINLILTIACIQLSTESQPTPVSITELYTSAASRKPDPAVAPTSAASRKPDPAVAPTSAASRKPDPAVAPTSAASRKPDPAVAPTSAATRNPDPAVAPTSAASRNPDPAVAPTSAASRNPDPAVAPTSAATRKPDPAANAQHSQPPFLFENIQCVHGGIQSIPYFHTFIMPCYMRLTTGQQAAFKQQQKTYEQYSLDPEGSNITRWKSLIRPDLHIEVWFTRHLIDPHRQLGNALIRMPDLPVMLYSNSADLNLINNPEIFTHAKENYVIPDVKTTS
	277

	
	324
	337
	PNITVVGDPVLTGQ
	14

	
	361
	379
	RFGNIGKNFITDAIQEYAN
	19

	
	392
	401
	QQKQMDYPPP
	10

	
	411
	429
	RDGVSNMKYSAVVTPDVYP
	19

	
	462
	482
	DSPINHENSEITGVCDQNKRF
	21

	
	490
	497
	PTSELDGP
	8

	
	509
	528
	KKFPPFSAVYTYDASTYATT
	20

	GP17
	5
	35
	GERAVHDENLGVLDRELIRAQSIQGCVGNPQ
	31

	
	121
	127
	PISRDLP
	7

	
	217
	257
	YRKNRHKQLNTYTDLGFAVVYTQNDRGRVCDHRESSRTLKR
	41

	
	287
	294
	KLNHFIKL
	8

	GP18
	4
	22
	RSRTDDALDMELHAGFDAP
	19

	
	78
	86
	NMFDQYNWT
	9

	
	108
	115
	HTKDPSTP
	8

	
	140
	151
	PGDCGPDDQVQC
	12

	
	188
	196
	RLLKTFGFT
	9

	
	223
	255
	DINGSKPTPYNLIRSITNSKRILNNVVYGSGSM
	33

	
	321
	377
	LKEKLTSMQLFANTESVKDEPPLKKRRNLLTKRNEKNTGNKMGGKLPETTWQEGIGI
	57

	
	384
	402
	PPVDPAGTLDYSELSRESD
	19

	GP19
	15
	24
	LVKPSIISTP
	10

	
	47
	57
	YPVGKRENLHG
	11

	
	104
	191
	NHDERGTSDLTRVLLSSNTCSIKYNKTSETYDSVFRNSSASCIPSEENKSQDMFLDGCPRQTDRMICLRDQNVCSLTSTMPSRGHPNH
	88

	
	211
	217
	EAVDIEA
	7

	
	287
	354
	HTSDNLKSVQQVIQDTGLKIPHQMDTSTRSPTYDSWRHGEVFKSLTVATSGKTENGVSVSKYASNRSE
	68

	
	362
	376
	ALNLLPPSSSPLDNL
	15

	
	389
	410
	TPLTRGRLKLMKRVNIMQNTAD
	22

	
	437
	447
	QFIPTPLPLNT
	11

	GP20
	13
	20
	PECPDINN
	8

	
	27
	49
	SNRWLESDFIIEDDYQYLDCLTE
	23

	
	112
	120
	RGDESLRVQ
	9

	
	129
	147
	PSIQQKVQWLEEKVRDNPS
	19

	
	209
	216
	PEKPAITR
	8

	
	237
	246
	PKTRLVNVDA
	10

	
	267
	276
	LFNTPPPDSD
	10

	
	278
	302
	PLAFMIADKNTNFFERHSTSYAGTV
	25

	GP21
	19
	39
	QHGYKEYIIPPESTTPVELME
	21

	
	71
	90
	NLRSVSMETWLTSPILCLTP
	20

	
	110
	122
	PFLKDQYPALATL
	13

	
	163
	182
	NLPKIATLIPGINDGYTWTD
	20

	
	255
	264
	NLIPTENQTK
	10

	
	310
	319
	MLVRDEIFRC
	10

	
	338
	345
	SYLKGASN
	8

	
	356
	380
	DILRTLHGEAFTSTYLRLEREGLGV
	25

	
	412
	421
	RNYHMNTQGN
	10

	
	459
	465
	PVSFNLN
	7

	
	552
	585
	GLAPFKGFTESKYAKGWLHQDGFSTISYLDLPWC
	34

	
	630
	643
	KVTTSGELLRPNLD
	14

	
	645
	697
	MDELRDMYSCEEKRLEVINILEKNQWSVIRSFGCLSNSHPLLKYKTAFEYEQE
	53

	
	722
	728
	ERPDGTI
	7

	
	755
	771
	RKATNSGLFAGGELTCT
	17

	GP22
	5
	19
	PTNSHFTLNEQTLCG
	15

	
	44
	76
	GFFGNWSRDLTIGPRFGGLNKQPIHVPPKRTET
	33

	
	94
	102
	IQINPTSIG
	9

	
	113
	120
	NNFKSTTQ
	8

	
	152
	166
	IGEANTLTQAGRDPD
	15

	
	180
	189
	TAPWTVGEGG
	10

	
	208
	214
	EYTDKQA
	7

	
	227
	233
	GCSRMET
	7

	
	283
	296
	EAARTDKTSTRRVT
	14

	
	365
	428
	NAAWGTEGVANTHQPYNTRALPLVQLSNDPTSPRCSIGEITGVNWNLARQRLYQWTGDFRGLPT
	64

	
	444
	460
	PSESVRYTRRMERFGGY
	17

	GP23
	5
	37
	ICYDTQKLLDDLSNLKVQEADNERPWSPEKTEI
	33

	
	47
	59
	RSTQKIPAKHFIQ
	13

	
	97
	106
	LDWTIEEPGN
	10

	
	120
	140
	DSETLHRLSANKLRTSSKFGP
	21

	
	166
	192
	ESPFTHARIGMLESAIAALTQHKFAII
	27

	
	245
	252
	TETPVHSI
	8

	
	272
	282
	EEAVTNPRTVH
	11

	
	293
	308
	RDPYVFETSPGMLARR
	16

	
	316
	325
	WESNLLSLST
	10

	
	341
	347
	PEAETTS
	7

	
	397
	410
	LAGFIHGSVVADEH
	14

	
	450
	456
	NETEKRY
	7

	
	502
	524
	EAREATYFKQTHNQSSGALLPQA
	23

	
	542
	567
	DSRWGITPPVDVGMTPPICVDPPATG
	26

	
	580
	595
	AYPTEYNRSSVFVEPS
	16

	
	636
	645
	GSGTVPNADG
	10

	
	693
	709
	LLPQHVRPLVPDRPSIT
	17

	
	777
	788
	KVERDEQFGVWR
	12

	
	871
	880
	LTTGENIPGL
	10

	
	924
	943
	QEDRVNAPTSYMSHARNLED
	20

	
	953
	1016
	DSRQQFIVDSGPQMGAVLTSQCNIGTWENVNATFLHDNVKITTTVRDVISEAPTLIIGQRWLRP
	64

	
	1027
	1035
	LGVPGNTSG
	9

	GP24
	14
	27
	VGSRNQFDGALGPA
	14

	
	196
	206
	YTHRPDNVESQ
	11

	
	218
	227
	NDGPVSEEAL
	10

	
	306
	312
	CSYSEVD
	7

	
	333
	345
	RRRPSWTPPSSEE
	13

	
	355
	366
	VNNTHSTDNLHK
	12

	
	377
	385
	TVDVPDKTQ
	9

	
	409
	419
	VDTPESSPTFS
	11

	
	487
	494
	VMPDEKDP
	8

	
	514
	520
	GTRTHHG
	7

	
	606
	612
	LGGSSPI
	7

	
	696
	712
	IPEVPQEPPEETDIPPE
	17

	
	790
	798
	IHPPPETIQ
	9

	
	856
	864
	RATQRASAE
	9

	
	879
	897
	QAVKDYETYNNGEVKYPEI
	19

	
	946
	961
	TYANEARTTQDTIKSR
	16

	
	1036
	1043
	EHPGNART
	8

	
	1087
	1097
	TVSTNPESESA
	11

	
	1323
	1334
	NPHTPENTNIPP
	12

	
	1544
	1554
	TANATEQQEDV
	11

	
	1628
	1635
	DGTGPLHT
	8

	
	1720
	1730
	NRLQKKQQERK
	11

	
	1807
	1817
	IFPPASPNGVF
	11

	
	1906
	1913
	ALPDEGIV
	8

	
	1955
	1961
	EWGKTNA
	7

	
	2006
	2012
	TKPIQRR
	7

	
	2074
	2080
	DGDPKGN
	7

	
	2099
	2107
	GSNQDPTGG
	9

	
	2125
	2144
	KITDPFAPWQLSPPPGVKAN
	20

	
	2212
	2223
	DTAPSNTTLEWN
	12

	
	2246
	2252
	GAAPTHV
	7

	
	2302
	2311
	DSGISSAVSP
	10

	
	2396
	2411
	IDSDEDSFPSCPDDPF
	16

	
	2419
	2435
	YAPQGPPNLDTTDFYPT
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	LACPIEQ
	7

	
	575
	604
	PEALEAFDVFQKIYTHYASGWFPVLDKTGE
	30

	
	635
	650
	WNPSTEGCVTQVLDTD
	16

	
	676
	682
	DAKIILN
	7

	
	693
	707
	DGCHNQCFRPIPTKH
	15

	
	726
	746
	VTKSTQTFPGSTRVKNLKKKD
	21

	
	755
	766
	NVDRSACRTYRQ
	12

	
	776
	789
	HSFSQQRYKITAPA
	14

	
	795
	807
	YFQAHQMHLAPHA
	13

	
	819
	832
	SPGSWPRINGAVNF
	14

	GP53
	26
	33
	QSGQLTQN
	8

	
	62
	74
	EDLCRYSRHGGSV
	13

	
	87
	101
	SSAALDAWPLEPLGN
	15

	
	146
	155
	DEHALNNDNT
	10

	
	197
	205
	NGDTQQQTP
	9

	
	218
	242
	RRKYKSTFSPPIEREGQTSDLFNLE
	25

	
	307
	314
	ELNPKGED
	8

	
	330
	338
	RTQTPAVES
	9

	
	366
	400
	PWGQHPPLPPRVQDLIGQIPQDTGHADATVNWDAG
	35

	
	448
	454
	MRRGMGC
	7

	
	514
	523
	LHTRNVCSDQ
	10

	
	618
	637
	ERIQENCIWDRVLYDIWAGQ
	20

	
	655
	674
	DRRYTPVYWSLQEQNSETKA
	20

	
	680
	692
	LTYGHMQDKDYKP
	13

	
	701
	707
	PNPHGPP
	7

	
	748
	767
	HNDFSSPSLKFTDDPLASYN
	20

	GP54
	11
	37
	FEQTGGAGMADGMSGINIPSILGCSVT
	27

	
	75
	84
	GLKPRFLANS
	10

	
	101
	121
	VLNGDSSEVSCDRYYMECVTQ
	21

	
	262
	276
	CGVGQRFDLPHGTPP
	15

	
	288
	297
	LLNGPLRDSE
	10

	
	308
	317
	NRTMVTPKNV
	10

	
	322
	328
	TYKNSPR
	7

	GP55
	6
	41
	SLFNNSSGSEEKRIASSVSIDQGLNGSNPNDQYKNM
	36

	
	43
	60
	DIYWNEYAPDIGFCTFPE
	18

	
	129
	154
	HHIQQCNLHAGALAERYGLCGESEAV
	26

	
	187
	193
	GLNGRVG
	7

	
	212
	229
	KVRSEQNGTPAPLNTYMG
	18

	
	273
	279
	YYNYNRR
	7

	
	349
	374
	NEDDRSHSTRAVDRIMGENDTTRAGS
	26

	
	387
	398
	KNMRHVGDITET
	12

	
	400
	441
	RSYLEETGNHILEGSGSVDTSQPGFGKANQSFNGGAMSGTTN
	42

	
	476
	532
	NSDLTERLQFKEGELKRLREERVKIKPSKGSHITMAEETRIADLNHEVIDLTGIIGD
	57

	
	544
	558
	YIPPYGDDIKRLSEL
	15

	
	568
	580
	KLHRVNNNQGQEI
	13

	
	606
	614
	LGFLVTQSE
	9

	
	651
	766
	VIKRGPRRTPSPSWGLPDPTEDDERIPEPNKINNQYMHVGYKNLSHFMKGHPPERLRVHKVNAADSTLLDKIRANRRRGDGRWDVRNKYTQHFRLQRNDRQLTNTSRRGVGCERRD
	116

	GP56
	4
	25
	SISVDSSSPKNVFNPETPNGFD
	22

	
	53
	79
	IPKERVPRLCWFKQLLELQAPPEMQRN
	27

	
	154
	173
	GRYAYNWTTTPPSIEDLQKR
	20

	
	191
	205
	QMGDDGRGGTSTFKT
	15

	
	210
	233
	ERLLNKPTGSMSGTAFIACGSLPA
	24

	
	287
	307
	TQTDSLESHFQHDMQRSHVTP
	21

	
	354
	385
	YGLPITEAHARLVDTFVVPASYINNPANLPGW
	32

	
	434
	450
	RKLTGQPGLSVEHWIRA
	17

	
	452
	476
	SGRLHNYSQSRDHDMGTVKYETHSN
	25

	
	522
	531
	SFVKARGETS
	10

	
	555
	644
	LNKNLHPDKVSLAYKRLAALTLELLSGTNKAPLHEAAVNGAGAGIDCDGAATSADKAFCFTKAPESKVTASIPEDPDDVIFTALNDEVID
	90

	
	648
	659
	CQYEFSYPKSSN
	12

	
	736
	757
	PVFVEELTRKKLYRETTEMLYA
	22

	
	779
	788
	VCEFTESIED
	10

	
	852
	863
	NPLRERYEKSAE
	12

	GP57
	47
	54
	PAMSISGP
	8

	
	67
	76
	RRVLHWTLPD
	10

	
	96
	103
	DARCDTMS
	8

	
	133
	142
	HRDFHLQDKP
	10

	
	190
	229
	RVNRPDDQTTPTPTPHQYTSQRRQPETNCPSPQPAFFTSD
	40

	GP58
	4
	22
	RERNVFGNASVATPGEHQK
	19

	
	40
	67
	YTGKWSDCRKHGKSVMYNTGEARHPTCK
	28

	GP59
	18
	69
	WGLHRGPCSIPNFKQVASQHSVQTDFTENSVDANENFPIGHAGCIEKTKDDY
	52

	
	82
	90
	DELGRRQLT
	9

	
	113
	138
	AFSGRGVSRQKHVTLSKNKFNPSSHK
	26

	
	163
	180
	RARRPRRYYTRSTDGKSR
	18

	
	197
	218
	LLHKENTLTDQPINTENSGHGR
	22

	GP60
	5
	106
	GEPTVCSNAYANEMKLSDSKDIYVLAHPVTKKTRKRPRGLPLGVKLDPPTFKLNNMSHHYDTETFTPVSSQLDSVEVFSKFNISPEWYDLLSDELKEPYAKG
	102

	
	112
	120
	NRLLNSGEE
	9

	
	184
	194
	YPNMTPPTHGC
	11

	
	216
	226
	TPGSHVYLGWG
	11

	
	253
	260
	QKTTQPNS
	8

	
	274
	284
	LSRVPFRNCRH
	11

	
	293
	299
	TRKGEPE
	7

	GP61
	48
	69
	PCVSSVYEAWDYAAPPVSNLSE
	22

	
	113
	119
	EEHKSGD
	7

	
	133
	147
	VDSTPSSTNIPENGC
	15

	GP62
	4
	15
	ILAGGSGTSDAS
	12

	
	60
	250
	PVQSILHKIVSDTSYKEYEVHPSDDDGFSEPSFEDSIDILPGDVIDLLPPSPGPSRESIQQPTSRSSREPIQSPNPGPLQSSAREPTAESPSDSQQDSIQPPTRDSSPGVTKTCSTASFLRKVFFKDQPAVRSATPVVYGSIESAQQPRTGGQDYRDRPVSVGINQDPRTMDRLPFRATDRGTEGNARFPC
	191

	
	255
	261
	LLGWLDD
	7

	
	265
	272
	ELYQPEIV
	8

	
	330
	337
	WTWKDTAI
	8

	
	341
	363
	TGPIVRPETTSTGETSRGDERDT
	23

	
	366
	391
	VNTPQKVRLFSVLPGIKPGSARGAKR
	26

	
	394
	400
	FHTGRDV
	7

	
	409
	464
	TSESDSACKGSKTRKVASPQGESNTPSTSGSTSGSLKHLTKKSSAGKAGKGIPNKM
	56

	GP63
	5
	525
	PMQRSTPQRAGSPDTLELMDLLDAAAAAAEHRARVVTSSQPDDLLFGENGVMVGREHEIVSIPSVSGLQPEPRTEDVGEELTQDDYVCEDGQDLTGSPVIPLAEVFHTRFSEAGAREPTGADRSLETVSLGTKLARSPKPPMNDGETGRGTTPPFPQAFSPVSPASPVGDAAGNDQREDQRSIPRQTTRGNSPGLPSVVHRDRQTRSISGKKPGDEQAGHAHASGDGVVLQKTQRPAQGKSPKKKTLKVKVPLPARKPGGPVPGPVEQLYHVLSDSVPAKGAKADLPFETDDTRPRKHDARGITPRVPGRSSGGKPRAFLALPGRSHAPDPIEDDSPVEKKPKSREFVSSSSSSSSWGSSSEDEDDEPRRVSVGSETTGSRSGREHAPSPSNSDDSDSNDGGSTKQNIQPGYRSISGPDPRIRKTKRLAGEPGRQRQKSFSLPRSRTPIIPPVSGPLMMPDGSPWPGSAPLPSNRVRFGPSGETREGHWEDEAVRAARARYEASTEPAPLYVPELGDPARQ
	521

	
	535
	555
	CPDRDPIAWLQNPKLTGVNSA
	21

	
	561
	592
	QKLLPPGRAGTAVTGSVASPVPHVGEAMATGE
	32

	
	607
	617
	SRRYDRAQKHF
	11

	
	627
	797
	AGMAYPEATGSSPAARISRGHPSPTTPATQTPDPQPSAAARSLSVCPPDDRLRTPRKRKSQPVESRSLLDKIRETPVADARVADDHVVSKAKRRVSEPVTITSGPVVDPPAVITMPLDGPAPNGGFRRIPRGALHTPVPSDQARKAYCTPETIARLVDDPLFPTAWRPALS
	171

	
	811
	826
	PGGGDRRFGPPSGVEA
	16

	
	852
	876
	LPGEDINGPLESTLATDPGPSWSPS
	25

	
	896
	912
	THAWAGNWTGPPDVSAL
	17

	
	953
	963
	LERWPGDGPAL
	11

	
	985
	995
	PDSAVTEGLAR
	11

	
	1021
	1028
	PGEQPLCL
	8

	
	1043
	1087
	GPKTRVPLSPREYRQYVLPGFDGCKDLARQSRGLGLGAADFVDEA
	45

	
	1111
	1124
	GRRPGAAGPEAGDV
	14

	
	1151
	1184
	VAGRSVALYASADEARNALPPIPRVMWPPGFGAA
	34

	
	1197
	1255
	AFGHHGGSERPAETQAGRQRRTADDREHALEPDDWEVGCEDAWDSEEGGGDDGDAPGSS
	59

	
	1263
	1277
	VAPGVLRDRRVGLRP
	15

	
	1282
	1307
	ELLSSSSSSEDEDDVWGGRGGRSPPQ
	26

	GP64
	5
	55
	SPATRGDSSESKPGASVDVNGKMEYGSAPGPLNGRDTSRGPGAFCTPGWEI
	51

	
	76
	82
	GRVTRDS
	7

	
	100
	108
	QRPTLACWE
	9

	
	111
	118
	LQLQPTQT
	8

	
	130
	243
	HRPPRGEDGFIEAPNVPLHRSALECDVSDDGGEDDSDDDGSTPSDVIEFRDSDAESSDGEDFIVEEESEESTDSCEPDGVPGDCYRDGDGCNTPSPKRPQRAIERYAGAETAEY
	114

	
	253
	275
	GEGGVDWKRRRHEAPRRHDIPPP
	23

	GP65
	5
	15
	GSRGEHPGGEY
	11

	
	22
	35
	RHDTPAHQALMNDA
	14

	
	54
	63
	FIHSPSERPC
	10

	
	82
	91
	AADRQRPPSV
	10

	
	104
	115
	EQCMPDPQSHLE
	12

	
	150
	157
	LYDRPGGI
	8

	
	171
	177
	LGVPRTH
	7

	GP66
	5
	10
	NTMEGE
	6

	
	20
	55
	VTPRAQPNNTTITAIQPSRSAEKCYYSDSENETADE
	36

	
	59
	71
	RIGKYQHKIYHRK
	13

	GP67
	5
	101
	DATDTFVGQGKFRGAISTSPSHIMQTCGFIQQMFPVEMSPGIESEDDPNYDVNMDIQSFNIFDGVHETEAEASVALCAEARVGINKAGFVILKTFTP
	97

	
	232
	239
	VDINANRY
	8

	
	281
	296
	SLFERDGLDGNCDSER
	16

	
	306
	343
	GTHPNEFPINPTSNLRRQYIGLAKRSSRKPGSRPLWTN
	38

	
	378
	389
	FQTLPDPYPNPM
	12

	GP68
	61
	67
	QLPTGTN
	7

	
	92
	98
	YDGCPRI
	7

	
	108
	126
	YKHSWHYGNSTDRISTEPD
	19

	
	169
	213
	GSHHNIHGVIYTSPSLQNGYSTRALFQQARLCDLPATPKGSGTSL
	45

	
	216
	270
	HMLDLRAGKSLEDNPWLHEDVVTTETKSVVKEGIENHVYPTDMSTLPEKSLNDPP
	55

	
	301
	326
	RIKKHPIYRPNTKTRRGIQNATPESD
	26

	
	337
	350
	ATIREESPPHSVVN
	14

	GP69
	67
	167
	RASVLRYDDFHIDEDKLDTNSVYEPYYHSDHAESSWVNRGESSRKAYDHNSPYIWPRNDYDGFLENAHEHHGVYNQGRGIDSGERLMQPTQMSAQEDLGDD
	101

	
	178
	209
	GDDRHKIVNVDQRQYGDVFKGDLNPKPQGQRL
	32

	
	225
	233
	PIQRIYGVR
	9

	
	246
	253
	CTGDAAPA
	8

	
	274
	282
	CAENTKEDQ
	9

	
	289
	298
	RFQGKKEADQ
	10

	
	308
	322
	LFDELELDPPEIEPG
	15

	
	360
	376
	DEKTRNPTPAVTPQPRG
	17

	
	438
	450
	PNAPQCLSHMNSG
	13

	
	468
	498
	QNCEHADNYTAYCLGISHMEPSFGLILHDGG
	31

	
	542
	572
	IEERGFPPTAGQPPATTKPKEITPVNPGTSP
	31

	
	607
	618
	YRVDKSPYNQSM
	12

	
	625
	651
	VDDFEDSESTDTEEEFGNAIGGSHGGS
	27

	GP70
	5
	15
	GSRGEHPGGEY
	11

	
	22
	35
	RHDTPAHQALMNDA
	14

	
	54
	63
	FIHSPSERPC
	10

	
	82
	91
	AADRQRPPSV
	10

	
	104
	115
	EQCMPDPQSHLE
	12

	
	150
	157
	LYDRPGGI
	8

	
	171
	177
	LGVPRTH
	7

	GP71
	5
	55
	SPATRGDSSESKPGASVDVNGKMEYGSAPGPLNGRDTSRGPGAFCTPGWEI
	51

	
	76
	82
	GRVTRDS
	7

	
	100
	108
	QRPTLACWE
	9

	
	111
	118
	LQLQPTQT
	8

	
	130
	243
	HRPPRGEDGFIEAPNVPLHRSALECDVSDDGGEDDSDDDGSTPSDVIEFRDSDAESSDGEDFIVEEESEESTDSCEPDGVPGDCYRDGDGCNTPSPKRPQRAIERYAGAETAEY
	114

	
	253
	275
	GEGGVDWKRRRHEAPRRHDIPPP
	23

	GP72
	5
	525
	PMQRSTPQRAGSPDTLELMDLLDAAAAAAEHRARVVTSSQPDDLLFGENGVMVGREHEIVSIPSVSGLQPEPRTEDVGEELTQDDYVCEDGQDLTGSPVIPLAEVFHTRFSEAGAREPTGADRSLETVSLGTKLARSPKPPMNDGETGRGTTPPFPQAFSPVSPASPVGDAAGNDQREDQRSIPRQTTRGNSPGLPSVVHRDRQTRSISGKKPGDEQAGHAHASGDGVVLQKTQRPAQGKSPKKKTLKVKVPLPARKPGGPVPGPVEQLYHVLSDSVPAKGAKADLPFETDDTRPRKHDARGITPRVPGRSSGGKPRAFLALPGRSHAPDPIEDDSPVEKKPKSREFVSSSSSSSSWGSSSEDEDDEPRRVSVGSETTGSRSGREHAPSPSNSDDSDSNDGGSTKQNIQPGYRSISGPDPRIRKTKRLAGEPGRQRQKSFSLPRSRTPIIPPVSGPLMMPDGSPWPGSAPLPSNRVRFGPSGETREGHWEDEAVRAARARYEASTEPAPLYVPELGDPARQ
	521

	
	535
	555
	CPDRDPIAWLQNPKLTGVNSA
	21

	
	561
	592
	QKLLPPGRAGTAVTGSVASPVPHVGEAMATGE
	32

	
	607
	617
	SRRYDRAQKHF
	11

	
	627
	797
	AGMAYPEATGSSPAARISRGHPSPTTPATQTPDPQPSAAARSLSVCPPDDRLRTPRKRKSQPVESRSLLDKIRETPVADARVADDHVVSKAKRRVSEPVTITSGPVVDPPAVITMPLDGPAPNGGFRRIPRGALHTPVPSDQARKAYCTPETIARLVDDPLFPTAWRPALS
	171

	
	811
	826
	PGGGDRRFGPPSGVEA
	16

	
	852
	876
	LPGEDINGPLESTLATDPGPSWSPS
	25

	
	896
	912
	THAWAGNWTGPPDVSAL
	17

	
	953
	963
	LERWPGDGPAL
	11

	
	985
	995
	PDSAVTEGLAR
	11

	
	1021
	1028
	PGEQPLCL
	8

	
	1043
	1087
	GPKTRVPLSPREYRQYVLPGFDGCKDLARQSRGLGLGAADFVDEA
	45

	
	1111
	1124
	GRRPGAAGPEAGDV
	14

	
	1151
	1184
	VAGRSVALYASADEARNALPPIPRVMWPPGFGAA
	34

	
	1197
	1255
	AFGHHGGSERPAETQAGRQRRTADDREHALEPDDWEVGCEDAWDSEEGGGDDGDAPGSS
	59

	
	1263
	1277
	VAPGVLRDRRVGLRP
	15

	
	1282
	1307
	ELLSSSSSSEDEDDVWGGRGGRSPPQ
	26


The core similar sequences are marked with the red color. To facilitate alignment, some short epitope sequences are filled up to at least 15 aa by adding flanking sequences and marked with the blue color.


Extended Data Table 6 | Epitopes of poliovirus.
	Protein
	Start
	End
	Epitope
	Length

	3CD
	80
	97
	NEKFRDIRPHIPTQITET
	18

	
	122
	131
	QGYLNLGGRQ
	10

	
	179
	255
	FTQSQGEIQWMRPSKEVGYPIINAPSKTKLEPSAFHYVFEGVKEPAVLTKNDPRLKTDFEEAIFSKYVGNKITEVDE
	77

	
	270
	282
	SLDINTEQMCLED
	13

	
	287
	298
	TDGLEALDLSTS
	12

	
	302
	331
	PYVAMGKKKRDILNKQTRDTKEMQKLLDTY
	30

	
	344
	353
	ELRSKTKVEQ
	10

	
	538
	550
	TPADKSATFETVT
	13

	
	587
	593
	TKDPRNT
	7

	
	609
	613
	EEEYN
	5

	
	627
	636
	ALLLPEYSTL
	10

	3D
	5
	22
	WMRPSKEVGYPIINAPSK
	18

	
	31
	72
	HYVFEGVKEPAVLTKNDPRLKTDFEEAIFSKYVGNKITEVDE
	42

	
	87
	102
	SLDINTEQMCLEDAMY
	16

	
	104
	115
	TDGLEALDLSTS
	12

	
	119
	148
	PYVAMGKKKRDILNKQTRDTKEMQKLLDTY
	30

	
	160
	170
	DELRSKTKVEQ
	11

	
	200
	206
	KNPGVIT
	7

	
	354
	367
	MTPADKSATFETVT
	14

	
	403
	411
	WTKDPRNTQ
	9

	
	441
	456
	IGRALLLPEYSTLYRR
	16

	3C
	53
	65
	EVEILDAKALEDQ
	13

	
	80
	97
	NEKFRDIRPHIPTQITET
	18

	
	121
	134
	EQGYLNLGGRQTARTLMYNFPTRAGQCG
	14

	3AB
	10
	17
	IDIKTSPP
	8

	
	29
	36
	DSQEVRDY
	8

	
	42
	57
	WIVNITSQVQTERNIN
	16

	
	89
	105
	AYTGLPNKKPNVPTIRTAK
	17

	3B
	6
	18
	LPNKKPNVPTIRTAK
	13

	3A
	28
	38
	VDSQEVRDYCE
	11

	
	42
	57
	WIVNITSQVQTERNIN
	16

	2BC
	19
	39
	QQISDKITELTNMVTSTITEK
	21

	
	90
	103
	EIPYVIKQGDSWLK
	14

	
	134
	200
	IPQARDKLEFVTKLRQLEMLENQISTIHQSCPSQEHQEILFNNVRWLSIQSKRFAPLYAVEAKRIQK
	67

	
	206
	216
	NNYIQFKSKHR
	11

	
	258
	266
	PSHFDGYKQ
	9

	
	279
	288
	PDGADMKLFC
	10

	
	301
	310
	ASLEEKGILF
	10

	
	323
	337
	STNSSRISPPTVAHSDALAR
	15

	
	348
	374
	MNEYSRDGKLNMAMATEMCKNCHQPAN
	27

	
	395
	402
	RVRYSIDQ
	8

	
	408
	418
	INERNRRSNIG
	11

	2C
	39
	103
	QARDKLEFVTKLRQLEMLENQISTIHQSCPSQEHQEILFNNVRWLSIQSKRFAPLYAVEAKRIQK
	65

	
	109
	119
	NNYIQFKSKHR
	11

	
	161
	169
	PSHFDGYKQ
	9

	
	182
	190
	PDGADMKLF
	9

	
	205
	213
	SLEEKGILF
	9

	
	227
	240
	STNSSRISPPTVAHSDALAR
	14

	
	250
	277
	VMNEYSRDGKLNMAMATEMCKNCHQPAN
	28

	
	295
	305
	KSSRVRYSIDQ
	11

	
	311
	320
	INERNRRSNI
	10

	2B
	19
	27
	QQISDKITE
	9

	2A
	22
	30
	ATQDDLQNA
	9

	
	45
	54
	RAQGTDSIAR
	10

	
	81
	93
	QYMEANNYYPARY
	13

	
	139
	145
	LYAYEEE
	7

	VP1
	19
	74
	GAATSRDALPNTEASGPTHSKEIPALTAVETGATNPLVPSDTVQTRHVVQHRSRSE
	56

	
	95
	106
	PASTTNKDKLFA
	12

	
	143
	150
	TETNNGHA
	8

	
	165
	178
	PVPEKWDDYTWQTS
	14

	
	212
	227
	FSKVPLKDQSAALGDS
	16

	
	247
	252
	VRVVNDHNPTKVTSK
	6

	
	276
	299
	AVAYYGPGVDYKDGTLTPLSTKDL
	24

	VP2
	6
	15
	ACGYSDRVLQ
	10

	
	38
	59
	WPEYLRDSEANPVDQPTEPDVA
	22

	
	69
	86
	VSWTKESRGWWWKLPDAL
	18

	
	133
	182
	AGDSNTTTMHTSYQNANPGEKGGTFTGTFTPDNNQTSPARRFCPVDYLLG
	50

	
	261
	268
	NGLRNITL
	8

	VP3
	5
	38
	MNTPGSNQYLTADNFQSPCALPEFDVTPPIDIPG
	34

	
	54
	65
	PFDLSATKKNTM
	12

	
	72
	79
	LSDKPHTD
	8

	
	138
	149
	GADPPKKRKEAM
	12

	
	177
	184
	RQTIDDSF
	8

	
	227
	235
	DTTHIEQKA
	9

	VP4
	5
	22
	SSQKVGAHENSNRAYGGS
	18

	
	29
	54
	INYYRDSASNAASKQDFSQDPSKFTE
	26


The core similar sequences are marked with the red color. To facilitate alignment, some short epitope sequences are filled up to at least 15 aa by adding flanking sequences and marked with the blue color.


Extended Data Table 7 | Epitopes of human papillomavirus types 16 & 18.
	Protein
	Start
	End
	Epitope
	Length

	HPV type 16 L1
	10
	28
	TVYLPPVPVSKVVSTDEYV
	19

	
	77
	95
	FRIHLPDPNKFGFPDTSFYNPDT (ver. 1.0)
	19

	
	123
	143
	LNKLDDTENASAYAANAGVDN
	21

	
	213
	220
	LQANKSEV
	8

	
	234
	243
	YIKMVSEPYG
	10

	
	276
	301
	YIKGSGSTANLASSNYFPTPSGSMVTSDAQI (ver. 1.0)
	26

	
	350
	369
	TSETTYKNTNFKEYLRHGEE
	20

	
	396
	423
	STILEDWNFGLQPPPGGTLEDTYRFVTS
	28

	
	426
	444
	IACQKHTPPAPKEDPLKKY
	19

	
	452
	462
	KEKFSADLDQF
	11

	
	473
	502
	GLKAKPKFTLGKRKATPTTSSTSTTAKRKK
	30

	HPV type 18 L1
	71
	89
	TVYLPPPSVARVVNTDDYV
	19

	
	139
	157
	FRVQLPDPNKFGLPDNSIYNPET (ver. 1.0)
	19

	
	184
	205
	YNKLDDTESSHAATSNVSEDVR
	22

	
	227
	244
	GEHWAKGTACKSRPLSQG
	18

	
	273
	280
	TLQDTKCE
	8

	
	294
	303
	DYLQMSADPY
	10

	
	343
	363
	GMRASPGSCVYSPSPSGSIVTSDSQL (ver. 1.0)
	21

	
	412
	431
	STQSPVPGQYDATKFKQYSRHVEE
	20

	
	458
	506
	SSILEDWNFGVPPPPTTSLVDTYRFVQSVAITCQKDAAPAENKDPYDKL
	49

	
	514
	524
	TEKFSLDLDQY
	11

	
	535
	564
	GLRRKPTIGPRKRSAPSATTSSKPAKRVRV
	30

	E1^E4
	16
	68
	LGSTWPTTPPRPIPKPSPWAPKKHRRLSSDQDQSQTPETPATPLSCCTETQWT
	53

	E1
	5
	14
	AGTNGEEGTG
	10

	
	26
	67
	EKKTGDAISDDENENDSDTGEDLVDFIVNDNDYLTQAETETA
	42

	
	76
	193
	AKQHRDAVQVLKRKYLGSPLSDISGCVDNNISPRLKAICIEKQSRAAKRRLFESEDSGYGNTEVETQQMLQVEGRHETETPCSQYSGGSGGGCSQYSSGSGGEGVSERHTICQTPLTN
	118

	
	224
	232
	RPFKSNKST
	9

	
	328
	340
	NISEVYGDTPEWI
	13

	
	345
	356
	VLQHSFNDCTFE
	12

	
	394
	400
	KSNSQAK
	7

	
	414
	421
	RAEKKQMS
	8

	
	548
	556
	DVKHRPLVQ
	9

	
	571
	578
	GTDSRWPY
	8

	
	591
	608
	EFPFDENGNPVYELNDKN
	18

	
	620
	636
	LSLHEDEDKENDGDSLP
	17

	
	640
	646
	CVSGQNT
	7

	E2
	16
	31
	LTHYENDSTDLRDHID
	16

	
	85
	93
	SQYSNEKWT
	9

	
	196
	284
	PTSVFSSNEVSSPEIIRQHLANHPAATHTKAVALGTEETQTTIQRPRSEPDTGNPCHTTKLLHRDSVDSAPILTAFNSSHKGRINCNSN
	89

	L2
	4
	17
	KRSAKRTKRASATQ
	14

	
	23
	31
	KQAGTCPPD
	9

	
	33
	39
	IPKVEGK
	7

	
	62
	249
	TGSGTGGRTGYIPLGTRPPTATDTLAPVRPPLTVDPVGPSDPSIVSLVEETSFIDAGAPTSVPSIPPDVSGFSITTSTDTTPAILDINNTVTTVTTHNNPTFTDPSVLQPPTPAETGGHFTLSSSTISTHNYEEIPMDTFIVSTNPNTVTSSTPIPGSRPVARLGLYSRTTQQVKVVDPAFVTTPTKL
	188

	
	255
	299
	PAYEGIDVDNTLYFSSNDNSINIAPDPDFLDIVALHRPALTSRRT
	45

	
	306
	322
	IGNKQTLRTRSGKSIGA
	17

	
	332
	435
	TIDPAEEIELQTITPSTYTTTSHAASPTSINNGLYDIYADDFITDTSTTPVPSVPSTSLSGYIPANTTIPFGGAYNIPLVSGPDIPINITDQAPSLIPIVPGSP
	104

	
	453
	461
	YMLRKRRKR
	9

	E6
	4
	18
	KRTAMFQDPQERPRK
	15

	
	42
	52
	QQLLRREVYDF
	11

	
	83
	90
	YRHYCYSL
	8

	
	116
	127
	PLCPEEKQRHLD
	12

	
	147
	155
	CRSSRTRRE
	9

	E7
	12
	50
	MLDLQPETTDLYCYEQLNDSSEEEDEIDGPAGQAEPDRA
	39


The core similar sequences are marked with the red color. To facilitate alignment, some short epitope sequences are filled up to at least 15 aa by adding flanking sequences and marked with the blue color. "ver. 1.0" means that the epitope was calculated by the Bepipred Linear Epitope Prediction version 1.0.


Extended Data Table 8 | Epitopes of measles virus.
	Protein
	Start
	End
	Epitope
	Length

	N gene
	13
	31
	RNKDKPPITSGSGGAIRGI
	19

	
	106
	112
	LLEVVQSDQSQSGLTFASRG
	7

	
	119
	161
	RGTNMEDEADQYFSHDDPSSSDQSRSGWFENKEISDIEVQDPE
	43

	
	186
	218
	DTAADSELRRWIKYTQQRRVVGEFRLERKWLDV
	33

	
	242
	249
	RTPGNKPR
	8

	
	347
	356
	MGGLNFGRSY
	10

	
	370
	379
	RRSAGKVSST
	10

	
	385
	392
	GITAEDAR
	8

	
	401
	493
	TTEDRISRAVGPRQAQVSFLHGDQSENELPGLGGKEDRRVKQGRGEARESYRETGSSRASDARAAHPPTSMPLDIDTASESGQDPQDSRRSAD
	93

	
	505
	522
	LEEQGSDTDTPRVYNDRD
	18

	P gene phospho-protein
	23
	31
	PIGSLAVEE
	9

	
	34
	267
	AAWSEISDNPGQDRATCKEEEAGSSGLSKPCLSAIGSTEGGAPRIRGQGSGESDDDAETLGIPSRNLQASSTGLQCYHVYDHSGEAVKGIQDADSIMVQSGLDGDSTLSGGDDESENSDVDIGEPDTEGYAITDRGSAPISMGFRASDVETAEGGEIHELLKLQSRGNNFPKLGKTLNVPPPPNPSRASTSETPIKKGTDARLASFGTEIASLLTGGATQCARKSPSEPSGPGA
	234

	
	270
	316
	GNVPECVSNAALIQEWTPESGTTISPRSQNNEEGGDYYDDELFSDVQ
	47

	
	327
	337
	EDNQKIISKLE
	11

	
	377
	459
	LGKDPNDPTADVELNPDLKPIIGRDSGRALAEVLKKPVASRQLQGMTNGRTSSRGQLLKEFQLKPIGKKVSSAVGFVPDTGPA
	83

	
	472
	481
	RLEEDRKRYL
	10

	
	490
	496
	GANDLAK
	7

	P gene non-structural C protein
	4
	48
	TDWNASGLSRPSPSAHWPSRKPWQHGQKYQTTQDRTEPPARKRRQ
	45

	
	57
	64
	ASQQLDQL
	8

	
	81
	99
	TTLKLWESPQEISRHQALG
	19

	
	133
	139
	PSQEETM
	7

	
	168
	183
	WGSGLLMLKLQKEGRS
	16

	M gene
	5
	17
	YDFDKSAWDIKGS
	13

	
	40
	46
	PGLGDRK
	7

	
	62
	69
	SDPLGPPI
	8

	
	118
	129
	PLTLLTPWRKVL
	12

	
	141
	149
	CNAVNLIPL
	9

	
	199
	210
	AIGPGKIIDNAE
	12

	
	226
	236
	RKKSEVYSADY
	11

	
	312
	320
	SVPQEFRIY
	9

	F gene
	22
	30
	TGQIHWGNL
	9

	
	62
	79
	ITLLNNCTRVEIAEYRRL
	18

	
	96
	110
	QNIRPVQSVASSRRH
	15

	
	218
	227
	GPSLRDPISA
	10

	
	243
	255
	NKVLEKLGYSGGDLLGILESRG
	13

	
	326
	336
	ISNFDESSCTF
	11

	
	342
	352
	VCSQNALYPMS
	11

	
	360
	376
	RGSTKSCARTLVSGSFGNRFILSQG
	17

	
	435
	441
	RRYPDAV
	7

	
	444
	461
	HRIDLGPPISLERLDVGT
	18

	
	475
	486
	EDAKELLESSDQILRSMKGL
	12

	
	522
	547
	NKKGEQVGMSRPGLKPDLTGTSKSYV
	26

	H gene
	5
	20
	RDRINAFYKDNPHPKG
	16

	
	73
	86
	SLSTNLDVTNSIEH
	14

	
	102
	113
	EVGLRTPQRFTD
	12

	
	123
	134
	KFLNPDREYDFR
	12

	
	172
	191
	LEARATNQFLAVSKGNCSGP
	20

	
	237
	250
	PNLSSKGSELSQLSMHRVFEVG
	14

	
	277
	283
	EQPVSND
	7

	
	309
	317
	PYQGSGKGV
	9

	
	329
	345
	SPTDMRSWVPLSTDDPV
	17

	
	371
	380
	RTDDKLRMET
	10

	
	387
	402
	KGKNQALCENPEWAPL
	16

	
	440
	450
	GMDLYKTNHNN
	11

	
	589
	596
	ESGGHITH
	8

	L gene
	5
	14
	SVNQILYPEV
	10

	
	32
	66
	ARVPHAYSLEDPTLCQNIKHRLKNGFSNQMIINNV
	35

	
	73
	87
	KSKLRSYPAHSHIPY
	15

	
	98
	104
	EDKESTR
	7

	
	130
	144
	QCLRDTNSRLGLGSELREDIKEK
	15

	
	154
	161
	VYMHSSQW
	8

	
	178
	193
	VIKSQTHTCHRRRHTP
	16

	
	250
	256
	RYAELLG
	7

	
	294
	303
	RDITVELRGA
	10

	
	315
	326
	VLDQNGFSDEGT
	12

	
	373
	382
	YMNQPKVIVY
	10

	
	401
	419
	RDRHGGSWPPLTLPLHAAD
	19

	
	428
	443
	GEGLTHEQCVDNWKSF
	16

	
	453
	460
	PLSLDSDL
	8

	
	468
	495
	ALAALQREWDSVYPKEFLRYDPPKGTGS
	28

	
	507
	513
	SFDPYDM
	7

	
	533
	541
	SLKEKEIKE
	9

	
	570
	583
	KYFKDNGMAKDEHD
	14

	
	589
	652
	HTLAVSGVPKDLKESHRGGPVLKTYSRSPVHTSTRNVKAEKGFVGFPHVIRQNQDTDHPENIET
	64

	
	713
	726
	PPDLDAHVPLCKVP
	14

	
	785
	797
	STWPYNLKKREAA
	13

	
	812
	820
	HDIGHHLKA
	9

	
	906
	923
	FTINSTMTRDVVIPLLTN
	18

	
	983
	1008
	TLHQVMTQQPGDSSFLDWASDPYSANLVCVQS
	26

	
	1038
	1044
	SKEEDER
	7

	
	1089
	1099
	SMRKGGLTSRV
	11

	
	1105
	1110
	NYDYEQ
	6

	
	1119
	1132
	TGRKRNVLIDKESC
	14

	
	1145
	1151
	WARLARG
	7

	
	1169
	1182
	HLIRRHETCVICEC
	14

	
	1197
	1233
	QLDDIDKETSSLRVPYIGSTTDERTDMKLAFVRAPSR
	37

	
	1268
	1302
	NVSLEELRVITPISTSTNLAHRLRDRSTQVKYSGT
	35

	
	1319
	1327
	SFVISDKKV
	9

	
	1350
	1358
	LEKDTGSSN
	9

	
	1375
	1395
	IDHPRIPSSRKLELRAELCTN
	21

	
	1400
	1430
	DNAPLIDRDATRLYTQSHRRHLVEFVTWSTP
	31

	
	1450
	1459
	KFEKDHMNEI
	10

	
	1463
	1469
	IGDDDIN
	7

	
	1500
	1507
	HYHRPSGK
	8

	
	1546
	1560
	GIIEPIHGPSLDAQN
	15

	
	1595
	1603
	SDEDVVPDR
	9

	
	1623
	1633
	GTCPPIRGLRP
	11

	
	1647
	1667
	EARLSPAGSSWNINPIIVDHY
	21

	
	1680
	1690
	KQIRLRVDPGF
	11

	
	1695
	1753
	LAEVNVSQPKVGSNNISNMSIKDFRPPHDDVAKLLKDINTSKHNLPISGGSLANYEIHA
	59

	
	1774
	1780
	IRRCLEP
	7

	
	1814
	1828
	YNSGVSANSRSGQRELAPYP
	15

	
	1833
	1841
	LVEHRMGVG
	9

	
	1851
	1859
	RPEVTWVGS
	9

	
	1885
	1892
	LPNKDTIE
	8

	
	1975
	2024
	QQIIESSVRTSPGLIGHILSIKQLSCIQAIVGGAVSRGDINPILKKLTPI
	50

	
	2034
	2052
	AINGPKLCKELIHHDVASG
	19

	
	2071
	2092
	KDNQRSQQGMFHAYPVLVSSRQRELVSR
	22

	
	2113
	2119
	NRKLINR
	7

	
	2148
	2156
	QIIMTGGLK
	9


The core similar sequences are marked with the red color. To facilitate alignment, some short epitope sequences are filled up to at least 15 aa by adding flanking sequences and marked with the blue color.


Extended Data Table 9 | Epitopes of hepatitis B virus.
	Protein
	Start
	End
	Epitope
	Length

	HBVgp1
	5
	87
	YQHFRRLLLLDDEAGPLEEELPRLADEGLNRRVAEDLNLGNLNVSIPWTHKVGNFTGLYSSTVPVFNPHWKTPSFPNIHLHQD
	83

	
	92
	107
	CEQFVGPLTVNEKRRL
	16

	
	116
	135
	YPKVTKYLPLDKGIKPYYPE
	20

	
	157
	310
	LYKRETTHSASFCGSPYSWEQDLQHGAESFHQQSSGILSRPPVGSSLQSKHRKSRLGLQSQQGHLARRQQGRSWSIRAGFHPTARRPFGVEPSGSGHTTNFASKSASCLHQSPVRKAAYPAVSTFEKHSSSGHAVEFHNLPPNSARSQSERPVF
	154

	
	313
	325
	WWLQFRNSKPCSD
	13

	
	336
	357
	EDWGPCAEHGEHHIRIPRTPSR
	22

	
	365
	403
	VDKNPHNTAESRLVVDFSQFSRGNYRVSWPKFAVPNLQS
	39

	
	436
	449
	LLVGSSGLSRYVARLSSNSRILNNQ
	14

	
	451
	472
	SSNSRILNNQHGTMPDLHDYCS
	22

	
	480
	489
	LLLYQTFGRK
	10

	
	573
	580
	NKTKRWGY
	8

	
	605
	619
	KECFRKLPINRPIDW
	15

	
	655
	661
	AFTFSPT
	7

	
	670
	682
	YLNLYPVARQRPG
	13

	
	705
	715
	RGTFSAPLPIH
	11

	
	771
	829
	SALNPADDPSRGRLGLSRPLLRLPFRPTTGRTSLYADSPSVPSHLPDRVHFASPLHVAW
	59

	HBVgp2 L
	4
	166
	NLSTSNPLGFFPDHQLDPAFRANTANPDWDFNPNKDTWPDANKVGAGAFGLGFTPPHGGLLGWSPQAQGILQTLPANPPPASTNRQSGRQPTPLSPPLRNTHPQAMQWNSTTFHQTLQDPRVRGLYFPAGGSSSGTVNPVLTTASPLSSIFSRIGDPALNMEN
	163

	
	199
	228
	WTSLNFLGGTTVCLGQNSQSPTSNHSPTSC
	30

	
	270
	298
	CPLIPGSSTTSTGPCRTCMTTAQGTSMYP
	29

	HBVgp2 M
	7
	59
	TFHQTLQDPRVRGLYFPAGGSSSGTVNPVLTTASPLSSIFSRIGDPALNMENI
	53

	
	86
	126
	SLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPG
	41

	
	162
	190
	CPLIPGSSTTSTGPCRTCMTTAQGTSMYP
	29

	HBVgp2 S
	33
	66
	DSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCP
	34

	
	109
	121
	CPLIPGSSTTSTGPCRTCMTTAQGTS
	13

	
	126
	134
	TTAQGTSMY
	9

	HBVgp3
	21
	57
	VGAESCGRPFSGSLGTLSSPSPSAVPTDHGAHLSLRG
	37

	
	77
	110
	RRMETTVNAHQILPKVLHKRTLGLSAMSTTDLEA
	34

	
	118
	127
	KDWEELGEEI
	10

	HBVgp4 PreC
	31
	43
	DIDPYKEFGATVE
	13

	
	68
	79
	REALESPEHCSP
	12

	
	102
	111
	GVNLEDPASR
	10

	
	118
	129
	VNTNMGLKFRQL
	12

	
	137
	145
	LTFGRETVI
	9

	
	157
	168
	TPPAYRPPNAPI
	12

	
	173
	209
	PETTVVRRRGRSPRRRTPSPRRRRSQSPRRRRSQSRE
	37

	HBVgp4 C protein
	4
	14
	DPYKEFGATVE
	11

	
	39
	54
	REALESPEHCSPHHTA
	16

	
	73
	83
	GVNLEDPASRD
	11

	
	88
	99
	YVNTNMGLKFRQ
	12

	
	127
	139
	RTPPAYRPPNAPI
	13

	
	146
	180
	TTVVRRRGRSPRRRTPSPRRRRSQSPRRRRSQSRE
	35


The core similar sequences are marked with the red color. To facilitate alignment, some short epitope sequences are filled up to at least 15 aa by adding flanking sequences and marked with the blue color.


Extended Data Table 10 | Epitopes of human immunodeficiency virus.
	Protein
	Start
	End
	Epitope
	Length

	GAG
	7
	30
	VLRGSKLDSWEQIRLKPGSKKKYR
	24

	
	45
	59
	ACNPELLETAEGNEK
	15

	
	66
	73
	PALKTGSD
	8

	
	92
	150
	FRINDTQQAIQKLKEVMNKKSASAAKEDTSERQTGQNYPIIPNAQGQMVHQAISPRTLN
	59

	
	204
	255
	EEASDWDRTHPPAAGPYPAGQIRDPTGSDIAGTTSTQQEQIHWTTRANNPIP
	52

	
	272
	290
	VKMYSPVSILDIKQGPKEP
	19

	
	305
	314
	EQATQEVKNW
	10

	
	325
	394
	NPDCKQILKALGPGASLEEMMVACQGVGGPTHKARVLAEAMATAQQDLKGGYTSVFMQRGQNPVKRGPVK
	70

	
	400
	493
	KEGHIAKNCRSPRRKGCWKCGQEGHQMKDCKNGRQANFLGKYWPPGGTRPGNYVQKQVHPSAPPMEEEVQKQENQEQKGDPNELYPFASLKSLF
	94

	POL
	4
	59
	QILASGGHEARQLCAETSAPLSPTDGGGSAETRESGTEGGPKRALSVCLPQIPLWD
	56

	
	85
	96
	LNNIQLEGEWTP
	12

	
	147
	156
	CTLNFPISPI
	10

	
	167
	184
	MDGPKVKQWPLSKEKIEA
	18

	
	197
	205
	KISRIGPEN
	9

	
	236
	242
	QDFWEVQ
	7

	
	284
	291
	PSLNNETP
	8

	
	345
	351
	PLTEHRK
	7

	
	365
	383
	FYTPDKKHQKEPPFLWMGY
	19

	
	392
	406
	VQPIQLPDKEVWTVN
	15

	
	436
	443
	GTKSLTEV
	8

	
	504
	515
	KYARQKSSHTND
	12

	
	539
	628
	KFKLPVTRETWESWWADYWQATWIPEWEFVSTPPLIKLWYRLESEPIPGAETYYVDGAANRDTKLGKAGYVTEQGKQKIVKLEETTNQKA
	90

	
	638
	652
	QDSKETVNIVTDSQY
	15

	
	657
	670
	ISSQPTQSESPIVQ
	14

	
	680
	708
	DKVYLTWVPAHKGIGGNEKIDKLVSKDIR
	29

	
	713
	727
	LEGIDQAQEDHEKYH
	15

	
	752
	779
	PKCQIKGEAIHGQVDYSPGIWQMDCTHL
	28

	
	855
	861
	NPQSQGV
	7

	
	898
	905
	RKGGIGGY
	8

	
	911
	953
	IIDILASHIQTTELQKQILKIQNFRVYYRDSRDPIWKGPAQLL
	43

	
	967
	1006
	DIKVVPRRKAKIIRDYGKQMAGSDSVASGQTESENMEQPG
	40

	VIF
	29
	37
	KYRSRKAKE
	9

	
	74
	81
	PGERDEHL
	8

	
	130
	141
	LVKCEFPAGHSQ
	12

	
	155
	189
	KAKRNKPPLPSVQKLTEDKWSKHLMIRDHLESHSM
	35

	VPR
	4
	16
	APNDQGPPREPFN
	13

	
	78
	98
	HSRIGINPTNPRGRGRRNGSSRS
	21

	TAT
	5
	16
	HHPGSQPQTPCN
	12

	
	37
	88
	GISYGRKKRRRRPAVGASRPDNKAFVPEQPTAITDRKQKRQEEQEKEVEKKA
	52

	REV
	5
	12
	SDADDQQL
	8

	
	23
	50
	YQSNPQPSPIGSRNARKNRRRRWRRRQVQIDSLAT
	28

	
	64
	101
	VHGPQDNSCVELPSLEHLSIGDSEGDQPSETWTVDPRR
	38

	VPU
	34
	45
	QCLDHKKQDRREREILERVRRLR
	12

	
	51
	81
	REIKDDSDYESNGEEEQEVMDLVHSHGFYNP
	31

	ENV
	60
	67
	NLTSPEKH
	8

	
	80
	100
	PTPQEYPLKNVTDKFDIWKNY
	21

	
	134
	153
	DPNNNTSKSNITENDGETPM
	20

	
	165
	176
	KEKKEEKKQALF
	12

	
	183
	189
	KLDNNGT
	7

	
	203
	213
	TIKQACPKVSF
	11

	
	233
	248
	QTEFNGTGTCRNITVV
	16

	
	304
	312
	DNVTVGQVG
	9

	
	326
	332
	EGRGNNS
	7

	
	353
	377
	ERYLELVNNSQLVTVQFNRSTDGDA
	25

	
	402
	427
	TFNCSRSNNCTLIKNNCTINSTSNST
	26

	
	446
	454
	SGLYAPPIK
	9

	
	472
	529
	KPWNISNRNITLRPTGGDMKDIWRTELFQYKVVKVKPFSVAPTKIARPVIGTGTHREK
	58

	
	627
	660
	VQWNKTWVNKTNTDLENIWGNLTWQEWDRQIDNI
	34

	
	673
	692
	VQQEQNEKKLLELDEWASIW
	20

	
	731
	773
	RQGYQPLSFQTHSHHRSEAETPGRTGEGGGEEGRSRLTASPQG
	43

	NEF
	4
	15
	VLGKDKFGGWPA
	12

	
	21
	92
	GWPAVRERMRRTRTSPESEPPAAGVGAVSRAIAEKGGIPNSYTPQNNEALAFLDSHQEEEVGFPVRPQVPLRPMTFKGAHD
	72

	
	94
	113
	SVFLKEKGGLEGLIYSHARA
	20

	
	125
	142
	GFFPDWQHYTPGPGTRFP
	18

	
	156
	168
	EDEAKRLGNECVR
	13

	
	178
	186
	HGFEDPHGE
	9

	
	196
	209
	LGLTHVSKVIHPEL
	14


The core similar sequences are marked with the red color. To facilitate alignment, some short epitope sequences are filled up to at least 15 aa by adding flanking sequences and marked with the blue color.


Extended Data Table 11 | Epitopes of influenza A virus H1N1.
	Protein
	Start
	End
	Epitope
	Length

	PB2
	11
	46
	MSQSRTREILTKTTVDHMAIIKKYTSGRQEKNPALR
	36

	
	56
	87
	PITADKRIMDMIPERNEQGQTLWSKTNDAGSD
	32

	
	100
	130
	NRNGPTTSTVHYPKVYKTYFEKVERLKHGTF
	31

	
	135
	157
	FRNQVKIRRRVDTNPGHADLSAK
	23

	
	172
	197
	VGARILTSESQLAITKEKKEELQDCK
	26

	
	212
	218
	VRKTRFL
	7

	
	239
	257
	CWEQMYTPGGEVRNDDVDQ
	19

	
	285
	293
	HSTQIGGVR
	9

	
	316
	340
	CKAAIGLRISSSFSFGGFTFKRTSGSSVKKE
	26

	
	421
	430
	VNRANQRLNP
	10

	
	447
	457
	QNWGIESIDNV
	11

	
	465
	475
	PDMTPSTEMSL
	11

	
	482
	491
	KMGVDEYSST
	10

	
	502
	510
	LRVRDQRGN
	9

	
	516
	524
	EEVSETQGT
	9

	
	559
	591
	IVKIQWSQDPTMLYNKMEFEPFQSLVPKATRSR
	33

	
	604
	612
	RDVLGTFDT
	9

	
	626
	634
	PEQSRMQFS
	9

	
	654
	660
	PVFNYNK
	7

	
	673
	685
	GALTEDPDEGTSG
	13

	
	699
	718
	KEDKRYGPALSINELSNLAK
	20

	
	732
	755
	VLVMKRKRDSSILTDSQTATKRIR
	24

	PB1
	15
	38
	QNAISTTFPYTGDPPYSHGTGTGY
	24

	
	44
	83
	NRTHQYSEKGKWTTNTETGAPQLNPIDGPLPEDNEPSGYA
	40

	
	117
	138
	TRVDKLTQGRQTYDWTLNRNQP
	22

	
	152
	162
	SNGLTANESGR
	11

	
	174
	214
	MNKEEIEITTHFQRKRRVRDNMTKKMVTQRTIGKKKQRLNK
	41

	
	231
	243
	AERGKLKRRAIAT
	13

	
	264
	284
	EKLEQSGLPVGGNEKKAKLAN
	21

	
	287
	296
	RKMMTNSQDT
	10

	
	305
	313
	DNTKWNENQ
	9

	
	349
	365
	ARLGKGYMFESKRMKIR
	17

	
	370
	392
	AEMLASIDLKYFNESTKKKIEKI
	23

	
	429
	443
	KKYTKTIYWWDGLQS
	15

	
	477
	487
	MSKKKSYINKT
	11

	
	506
	520
	SMELPSFGVSGVNES
	15

	
	563
	574
	RGDTQIQTRRSF
	12

	
	594
	606
	GGPNLYNIRNLHI
	13

	
	611
	690
	LKWELMDDDYRGRLCNPLNPFVSHKEIDSVNNAVVMPAHGPAKSMEYDAVATTHSWIPKRNRSILNTSQRGILEDEQMYQ
	80

	
	700
	711
	NLFEKFFPSSSYRRPVGI
	12

	
	725
	742
	DARVDFESGRIKKEEFSE
	18

	PA
	22
	31
	KEYGEDPKIE
	10

	
	52
	73
	HFIDERGESIIVESGDPNALLK
	22

	
	105
	114
	FLPDLYDYKE
	10

	
	125
	140
	REVHIYYLEKANKIKS
	16

	
	152
	168
	GEEMATKADYTLDEESR
	17

	
	185
	277
	RSLWDSFRQSERGEETIEEKFEITGTMRKLADQSLPPNFSSLENFRAYVDGFEPNGCIEGKLSQMSKEVNAKIEPFLRTTPRPLRLPDGPLCH
	93

	
	290
	302
	LSIEDPSHEGEGI
	13

	
	315
	335
	FGWKEPNIVKPHEKGINPNYL
	21

	
	347
	366
	DIENEEKIPRTKNMKRTSQL
	20

	
	368
	405
	WALGENMAPEKVDFDDCKDVGDLKQYDSDEPEPRSLAS
	38

	
	416
	437
	ELTDSSWIELDEIGEDVAPIEH
	22

	
	490
	497
	RTKEGRRK
	8

	
	529
	536
	DPRLEPHK
	8

	
	601
	631
	SVKEKDMTKEFFENKSETWPIGESPRGVEEG
	31

	
	653
	661
	PQLEGFSAE
	9

	
	674
	685
	DNLEPGTFDLGG
	12

	HA
	41
	67
	VTVTHSVNLLEDKHNGKLCKLRGVAPL
	27

	
	81
	91
	NPECESLSTAS
	11

	
	114
	146
	DYEELREQLSSVSSFERFEIFPKTSSWPNHDSN
	33

	
	170
	187
	KKGNSYPKLSKSYINDKG
	18

	
	202
	211
	SADQQSLYQN
	10

	
	226
	241
	KFKPEIAIRPKVRDQE
	16

	
	278
	291
	AGSGIIISDTPVHD
	14

	
	296
	315
	CQTPKGAINTSLPFQNIHPI
	20

	
	329
	344
	LRLATGLRNVPSIQSR
	16

	
	358
	395
	WTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNK
	38

	
	407
	419
	FTAVGKEFNHLEK
	13

	
	450
	461
	RTLDYHDSNVKN
	12

	
	493
	525
	MESVKNGTYDYPKYSEEAKLNREEIDGIKLEST
	33

	NP
	5
	24
	GTKRSYEQMETGGERQDATE
	20

	
	48
	54
	KLSDYDG
	7

	
	72
	104
	DERRNKYLEEHPSAGKDPKKTGGPIYRRVDGKW
	33

	
	111
	118
	YDKEEIRR
	8

	
	124
	131
	NNGEDATA
	8

	
	146
	160
	ATYQRTRALVRTGMD
	15

	
	169
	178
	GSTLPRRSGA
	10

	
	204
	217
	RNFWRGENGRRTRV
	14

	
	229
	235
	KFQTAAQ
	7

	
	243
	253
	RESRNPGNAEI
	11

	
	289
	297
	HDFEREGYS
	9

	
	347
	360
	IRGKKVIPRGKLST
	14

	
	365
	377
	IASNENVEIMDSN
	13

	
	392
	406
	SGGNTNQQKASAGQI
	15

	
	417
	423
	NLPFERA
	7

	
	430
	495
	SGNNEGRTSDMRTEVIRMMESAKPEDLSFQGRGVFELSDEKATNPIVPSFDMSNEGSYFFGDNAEE
	66

	NA
	38
	55
	IQLGNQNQIETCNQSVIT
	18

	
	74
	94
	FAAGQSVVSVKLAGNSSLCPV
	21

	
	139
	154
	LLNDKHSNGTIKDRSP
	16

	
	213
	226
	TDTIKSWRNNILRT
	14

	
	246
	256
	PSNGQASYKIF
	11

	
	260
	272
	KGKIVKSVEMNAP
	13

	
	323
	341
	GDNPRPNDKTGSCGPVSSN
	19

	
	357
	393
	VWIGRTKSISSRNGFEMIWDPNGWTGTDNNFSIKQDI
	37

	
	451
	465
	DTVGWSWPDGAELPF
	15

	M2
	5
	14
	TEVETPTRSE
	10

	
	56
	92
	KYGLKRGPSTEGVPESMREEYQQEQQSAVDVDDGHFV
	37

	M1
	30
	48
	SVFAGKNTDLEALMEWLKT
	19

	
	70
	95
	SERGLQRRRFVQNALNGNGDPNNMDR
	26

	
	105
	120
	REITFHGAKEVSLSYS
	16

	
	155
	176
	ADSQHRSHRQMATTTNPLIRHE
	22

	
	189
	204
	MEQMAGSSEQAAEAME
	16

	
	206
	232
	ANQTRQMVHAMRTIGTHPSSSAGLKDDLLE
	27

	
	238
	248
	QAYQKRMGVQM
	11

	NS2
	17
	31
	LMRMSKMQLGSSSEDLNGMVT
	15

	
	35
	44
	FESLKIYRDS
	10

	
	46
	75
	GETVMRMGDLHYLQSRNEKWREQLGQKFEE
	30

	
	88
	97
	KATENSFEQI
	10

	NS1
	21
	55
	RFADNGLGDAPFLDRLRRDQKSLKGRGNTLGLDIE
	35

	
	81
	101
	IASVPTSRYLSDMTLEEMSRD
	21

	
	122
	129
	AIMEKNIV
	8

	
	159
	174
	EISPLPSLPGHTYEDV
	16

	
	192
	216
	VRVSENIQRFAWRNCDENGRPSLPP
	25


The core similar sequences are marked with the red color. To facilitate alignment, some short epitope sequences are filled up to at least 15 aa by adding flanking sequences and marked with the blue color.


Extended Data Table 12 | Epitopes of SARS-CoV-2.
	Protein
	Start
	End
	Epitope
	Length

	ORF1ab
	75
	81
	DARTAPH
	7

	
	96
	102
	QYGRSGE
	7

	
	127
	138
	GNKGAGGHSYGA
	12

	
	147
	168
	DELGTDPYEDFQENWNTKHSSG
	22

	
	190
	198
	FCGPDGYPL
	9

	
	243
	252
	ERSEKSYELQ
	10

	
	305
	312
	PVASPNEC
	8

	
	326
	334
	CGETSWQTG
	9

	
	348
	360
	NLTKEGATTCGYL
	13

	
	374
	391
	HNSEVGPEHSLAEYHNES
	18

	
	437
	446
	GVVGEGSEGL
	10

	
	511
	524
	VTKGKAKKGAWNIG
	14

	
	763
	779
	LQPLEQPTSEAVEAPLV
	17

	
	814
	826
	TLKGGAPTKVTFG
	13

	
	925
	963
	YPPDEDEEEGDCEEEEFEPSTQYEYGTEDDYQGKPLEFG
	39

	
	965
	1001
	TSAALQPEEEQEEDWLDDDSQQTVGQQDGSEDNQTTT
	37

	
	1045
	1053
	IVEEAKKVK
	9

	
	1069
	1099
	GGVAGALNKATNNAMQVESDDYIATNGPLKV
	31

	
	1120
	1126
	PNVNKGE
	7

	
	1204
	1231
	AEIPKEEVKPFITESKPSVEQRKQDDKK
	28

	
	1262
	1269
	NLHPDSAT
	8

	
	1303
	1311
	TKKAGGTTE
	9

	
	1319
	1341
	KVPTDNYITTYPGQGLNGYTVEE
	23

	
	1474
	1485
	TVSVSSPDAVTA
	12

	
	1490
	1500
	LTSSSKTPEEH
	11

	
	1511
	1522
	YKDWSYSGQSTQ
	12

	
	1533
	1545
	KSVYYTSNPTTFH
	13

	
	1591
	1615
	QVVDMSMTYGQQFGPTYLDGADVTKIKPHNSHEG
	25

	
	1635
	1642
	YHTTDPSF
	8

	
	1655
	1662
	KWKYPQVN
	8

	
	1691
	1697
	NPPALQD
	7

	
	1700
	1706
	YRARAGE
	7

	
	1756
	1762
	VVCKTCGQQQTTLKGVEAV
	7

	
	1809
	1816
	APPAQYEL
	8

	
	1826
	1832
	EYTGNYQ
	7

	
	1856
	1863
	SSEYKGPI
	8

	
	1871
	1878
	NSYTTTIK
	8

	
	1893
	1909
	DPKLDNYYKKDNSYFTE
	17

	
	1912
	1925
	IDLVPNQPYPNASF
	14

	
	1944
	1953
	LTGYKKPASR
	10

	
	1974
	1980
	HYTPSFK
	7

	
	1997
	2005
	ATNKATYKP
	9

	
	2017
	2023
	KPVETSN
	7

	
	2030
	2036
	SEDAQGM
	7

	
	2044
	2058
	LKPVSEEVVENPTIQ
	15

	
	2187
	2193
	NSRIKAS
	7

	
	2195
	2201
	PTTIAKN
	7

	
	2297
	2304
	SLDTYPSL
	8

	
	2480
	2489
	PINPTDQSSY
	10

	
	2508
	2514
	AGQKTYE
	7

	
	2529
	2535
	ANNTKGS
	7

	
	2546
	2557
	KSKCEESSAKSA
	12

	
	2579
	2585
	DVGDSAE
	7

	
	2640
	2649
	GFVDSDVETK
	10

	
	2662
	2670
	DIEVTGDSC
	9

	
	2680
	2687
	VENMTPRD
	8

	
	2812
	2822
	IDGGVTRDIAS
	11

	
	2839
	2849
	SQRGGSYTNDK
	11

	
	2924
	2933
	DASGKPVPYC
	10

	
	3220
	3227
	AMDTTSYR
	8

	
	3240
	3257
	DFSNSGSDVLYQPPQTSI
	18

	
	3355
	3364
	DTANPKTPKY
	10

	
	3382
	3388
	NGSPSGV
	7

	
	3433
	3443
	GVHAGTDLEGN
	11

	
	3449
	3462
	VDRQTAQAAGTDTT
	14

	
	3700
	3706
	VYDDGAR
	7

	
	3827
	3835
	GLLPPKNSI
	9

	
	3957
	3973
	FATAQEAYEQAVANGDS
	17

	
	4014
	4025
	KQARSEDKRAKV
	12

	
	4077
	4089
	YNTYKNTCDGTTF
	13

	
	4115
	4122
	SMDNSPNL
	8

	
	4155
	4167
	AAGTTQTACTDDN
	13

	
	4196
	4211
	FPKSDGTGTIYTELEP
	16

	
	4214
	4224
	RFVTDTPKGPK
	11

	
	4255
	4263
	GNATEVPAN
	9

	
	4284
	4292
	LASGGQPIT
	9

	
	4302
	4322
	TGTGQAITVTPEANMDQESFG
	21

	
	4335
	4342
	DHPNPKGF
	8

	
	4354
	4362
	TTCANDPVG
	9

	
	4411
	4421
	LTPCGTGTSTD
	11

	
	4449
	4457
	QEKDEDDNL
	9

	
	4615
	4626
	IQTTPGSGVPVV
	12

	
	4647
	4655
	SHVDTDLTK
	9

	
	4713
	4719
	FPPTSFG
	7

	
	4802
	4809
	VKPGNFNK
	8

	
	5011
	5017
	YPKCDRA
	7

	
	5066
	5081
	YVKPGGTSSGDATTAY
	16

	
	5194
	5204
	ETDLTKGPHEF
	11

	
	5216
	5229
	DDYVYLPYPDPSRI
	14

	
	5260
	5269
	PLTKHPNQEY
	10

	
	5302
	5310
	DNTSRYWEP
	9

	
	5374
	5382
	CNAPGCDVT
	9

	
	5397
	5403
	KSHKPPI
	7

	
	5421
	5428
	CVGSDNVT
	8

	
	5493
	5501
	VGKPRPPLN
	9

	
	5523
	5532
	TFEKGDYGDA
	10

	
	5602
	5613
	STLQGPPGTGKS
	12

	
	5724
	5732
	GDPAQLPAP
	9

	
	5786
	5792
	KAHKDKS
	7

	
	5854
	5865
	TQTVDSSQGSEY
	12

	
	5944
	5953
	HPTQAPTHLS
	10

	
	6019
	6027
	CHATREAVG
	9

	
	6047
	6071
	TGYVDTPNNTDFSRVSAKPPPGDQF
	25

	
	6278
	6286
	AQPCSDKAY
	9

	
	6297
	6303
	THSDKFT
	7

	
	6336
	6343
	LPGCDGGS
	8

	
	6374
	6383
	DSPCESHGKQ
	10

	
	6466
	6474
	VVNKGHFDGQQGEVPVSIINN
	9

	
	6541
	6547
	KRDAPAH
	7

	
	6559
	6566
	IAKKPTET
	8

	
	6600
	6614
	VKGLQPSVGPKQASL
	15

	
	6652
	6660
	LQEFKPRSQ
	9

	
	6796
	6808
	KLQSSQAWQPGVA
	13

	
	6826
	6834
	QNYGDSATL
	9

	
	6870
	6880
	AGSDKGVAPGT
	11

	
	6900
	6908
	DFVSDADST
	9

	
	6930
	6945
	YDPKTKNVTKENDSKE
	16

	
	7011
	7017
	GKPREQI
	7

	S protein
	13
	37
	SQCVNLTTRTQLPPAYTNSFTRGVY
	25

	
	59
	81
	FSNVTWFHAIHVSGTNGTKRFDN
	23

	
	138
	154
	DPFLGVYYHKNNKSWME
	17

	
	177
	189
	MDLEGKQGNFKNL
	13

	
	206
	221
	KHTPINLVRDLPQGFS
	16

	
	250
	260
	TPGDSSSGWTA
	11

	
	304
	322
	KSFTVEKGIYQTSNFRVQP
	19

	
	329
	363
	FPNITNLCPFGEVFNATRFASVYAWNRKRISNCVA
	35

	
	369
	393
	YNSASFSTFKCYGVSPTKLNDLCFT
	25

	
	404
	426
	GDEVRQIAPGQTGKIADYNYKLP
	23

	
	440
	501
	NLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTN
	62

	
	516
	536
	ELLHAPATVCGPKKSTNLVKN
	21

	
	555
	562
	SNKKFLPF
	8

	
	616
	632
	NCTEVPVAIHADQLTPT
	17

	
	634
	644
	RVYSTGSNVFQ
	11

	
	656
	666
	VNNSYECDIPI
	11

	
	672
	690
	ASYQTQTNSPRRARSVASQ
	19

	
	695
	710
	YTMSLGAENSVAYSNN
	16

	
	773
	779
	EQDKNTQ
	7

	
	786
	800
	KQIYKTPPIKDFGGF
	15

	
	807
	814
	PDPSKPSK
	8

	
	828
	842
	LADAGFIKQYGDCLG
	15

	
	1035
	1043
	GQSKRVDFC
	9

	
	1107
	1118
	RNFYEPQIITTD
	12

	
	1133
	1172
	VNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGI
	40

	
	1252
	1267
	SCCKFDEDDSEPVLKG
	16

	ORF3a
	17
	28
	QGEIKDATPSDF
	12

	
	61
	71
	KIITLKKRWQL
	11

	
	172
	197
	GDGTTSPISEHDYQIGGYTEKWESGV
	26

	
	216
	225
	STQLSTDTGV
	10

	
	238
	272
	DEPEEHVQIHTIDGSSGVVNPVMEPIYDEPTTTTS
	35

	ORF4 (E)
	57
	71
	YVYSRVKNLNSSRVP
	15

	ORF5 (M)
	5
	20
	NGTITVEELKKLLEQW
	16

	
	180
	191
	KLGASQRVAGDS
	12

	
	199
	218
	YRIGNYKLNTDHSSSSDNIA
	20

	ORF6
	44
	57
	LTENKYSQLDEEQP
	14

	ORF7a
	17
	25
	LYHYQECVR
	9

	
	33
	51
	EPCSSGTYEGNSPFHPLAD
	19

	
	71
	96
	VKHVYQLRARSVSPKLFIRQEEVQEL
	26

	ORF7b
	33
	39
	ELQDHNE
	7

	ORF8
	23
	45
	QSCTQHQPYVVDDPCPIHFYSKW
	23

	
	48
	56
	RVGARKSAP
	9

	
	63
	78
	DEAGSKSPIQYIDIGN
	16

	ORF9 (N)
	4
	15
	NGPQNQRNAPRI
	12

	
	17
	48
	FGGPSDSTGSNQNGERSGARSKQRRPQGLPNN
	32

	
	59
	105
	HGKEDLKFPRGQGVPINTNSSPDDQIGYYRRATRRIRGGDGKMKDLS
	47

	
	119
	127
	AGLPYGANK
	9

	
	137
	163
	GALNTPKDHIGTRNPANNAAIVLQLPQ
	27

	
	165
	216
	TTLPKGFYAEGSRGGSQASSRSSSRSRNSSRNSTPGSSRGTSPARMAGNGGD
	52

	
	226
	267
	RLNQLESKMSGKGQQQQGQTVTKKSAAEASKKPRQKRTATKA
	42

	
	276
	299
	RRGPEQTQGNFGDQELIRQGTDYK
	24

	
	358
	402
	DAYKTFPPTEPKKDKKKKADETQALPQRQKKQQTVTLLPAADLDD
	45

	
	404
	416
	SKQLQQSMSSADS
	13


The core similar sequences are marked with the red color. To facilitate alignment, some short epitope sequences are filled up to at least 15 aa by adding flanking sequences and marked with the blue color.
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