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Table S1. Primers used for PCR amplification of the gene segments in cold-adapted live

attenuated SARS-CoV-2 vaccine strain

(SARS-CoV-2/human/K orea/ CNUHV03-

CA22°C/2020)
segment | F Primer F sequence R primer R sequence

1 1F ATTAAAGGTTTATACCTTCCCAGGTAAC 1300R CACCTTCTTTAGTCAAATTCTCAGTG
2 1200F GCAACCAAATGTGCCTTTCAAC 2500R TTCTCCCTCTAAGAAGATAATTTCTTTT
3 2400F ACTCAAAGGGATTGTACAGAAAGTGTGT 3750R GTGCGAACAGTATCTACACAAACTCTTA
4 3650F GACATTCAACTTCTTAAGAGTGCTTAT 5000R GGTTAATGTTGTCTACTGTTGTAAACAC
5 4901F CTAGATGGTGAAGTTATCACCTTTGACA 6250R GCTTTATTAGTTGCATTGTTAACATGCC
6 6150F GACTTAAATGGTGATGTGGTGGC 7500R CACATCATACAAGTTGATGAATTACAAC
7 T400F GCTATGGTTAGAATGTACATCTTCTTTG 8750R GTTAGCAAAACAAGTATCTGTAGATGC
8 8650F CCTGTTCATGTCATGTCTAAACATACTGACT 10,000R ACCTGAGTTACTGAAGTCATTGAGAGCC
9 9900F ATAAGTACAAGTATTTTAGTGGAGCAAT 11250R ACCATATCCAACCATGTCATAATAC
10 11150F GTCAAACATAAGCATGCATTTCTCTGT 12,500R | TGTTATAGTCTGGTAAGACAACCATTAG
11 12,400F CAACAACATTATCAACAATGCAAGAGAT 13750R TACCATGTCACCGTCTATTCTAAAC
12 13650F TGTAGTTAAGAGACACACTTTCTCTAA 15,000R | ACTCATTGAATCATAATAAAGTCTAGCC
13 14,900F GTATTAATGCTAACCAAGTCATCGTCAA 16250R CTGTGAATTGCAAAGAACACAAGCC
14 16150F ACACATGTTAGACATGTATTCTGTTATGC 17,500R AATATTCTGGTTCTAGTGTGCCCTTAGT
15 17,400F TGCCAGATTACGTGCTAAGCACTATGTG 18750R CCCCATTGTTGAACATCAATCATAAACGG
16 18650F CCTGAGCGCACCTGTTGTCTATG 20,000R ACTCTACCATCAAAAAAGACAGTGAGTG
17 19,900F GCACATATATCTACTATTGGTGTTTGTT 21250R GCTTCAGATGATGACGCATTCAC
18 21150F GGAGGTTCCGTGGCTATAAAGAT 22,500R TAGATTCCTTTTTCTACAGTGAAGGATT
19 22,401F | ATGAAAATGGAACCATTACAGATGCTGT 23750R CTGATGTCTTGGTCATAGACACTG
20 23650F CTACACTATGTCACTTGGTGCAGA 25,000R GTCTAATTCAGGTTGCAAAGGATCATAA
21 24,900F AAATCATTACTACAGACAACACATTTGT 26250R CTCTTCCGAAACGAATGAGTAC
22 26150F CGACGGTTCATCCGGAGTTGTT 27,500R GAGCAAGGTTCTTTTAAAAGTACTGTTG
23 27,400F ATTATTCTTTTCTTGGCACTGATAACAC 28700R CGGGTGCCAATGTGATCTTTTG
24 28600F TTCTACTACCTAGGAACTGGGC 29,843R GTCATTCTCCTAAGAAGCTATTAAAATC




Table S2. Primersfor the synthesis of cDNA for cold-adapted live attenuated SARS-
CoV-2 vaccine strain (SARS-CoV-2/human/K orea/CNUHV 03-CA 22°C/2020)

Primer Sequence

2500R TTCTCCCTCTAAGAAGATAATTTCTTTT
5000R GGTTAATGTTGTCTACTGTTGTAAACAC
7500R CACATCATACAAGTTGATGAATTACAAC
10,000R ACCTGAGTTACTGAAGTCATTGAGAGCC
12,500R TGTTATAGTCTGGTAAGACAACCATTAG
15,000R ACTCATTGAATCATAATAAAGTCTAGCC
17,500R AATATTCTGGTTCTAGTGTGCCCTTAGT
20,000R ACTCTACCATCAAAAAAGACAGTGAGTG
22,500R TAGATTCCTTTTTCTACAGTGAAGGATT
25,000R GTCTAATTCAGGTTGCAAAGGATCATAA
27,500R GAGCAAGGTTCTTTTAAAAGTACTGTTG
29,843R GTCATTCTCCTAAGAAGCTATTAAAATC




Table S3. The changed nucleotide sequencesin cold-adapted live attenuated SARS-CoV-
2vaccine strain (SARS-CoV-2/human/K orea/CNUHV 03-CA22°C/2020)

Gene name Changed nucleotide sequences The number of
changed sequence
nSp2 Deletion : GGTCATGTT(244~252) (NS), 12 [11(NS)+1
b A253G (NS), G698A (NS), T2271C (S (S)/1923
G3288A(S), A3550G (NS), C3855T (S),
G4754A (NS), G5765A (NS), G6126A
nsp3 | (S), G6240A (S), C6933T (S), C7115T 14([5(?)](/2592; 8
(NS). C7311T (S), A7419G (S), C8031T
ORFla (S), C8174T (NS), C8258T (NS)
nspd A8611G (NS), ((Zﬁgﬂ (NS), G8953A 3 (NS)/1500
nsn6 T10818G (NS), T10827A (NS), T10851G 3 [2(NS)+ 1
P S (S)/870
nsp7 A11777C (NS) 1 (NS)/249
ORF1lab nspl0 C12882T (S), G13050A (S) 2 (S)/4a17
RNA-
dependent| C13822T (NS), G14417A (NS), C15464T
RNA (NS) 3 (NS)/2796
polymerase
helicase C16810T (NS), C17508T (S), G17545A  3[2(NS)+ 1
(NS) (S)]/1803
ORF1b [ 305
C18349T (S) 1(S)/1581
exonuclease
endoRNAse T19506G (S) 1(S)/1038
2'-0-ribose
G21113C (NS), C21168T (S), C21175T 3[2(NS)+1
methyl
(NS) (S)1/894
transferase
G113A (NS), C257T (NS), G287A (NS), 7[5 (NS)+ 2
S G451A (NS), C2511T (S), T2902G (NS), (S))/3822
C3003T (S)
M Ch37T (S) 1(S)/669
2 [L(NS)+
ORF7a C141T (S), A201G (NS) 1(S)/366
ORF8 C63T (S) 1(S)/366
2[1(NS)+1
N N243T (S), TL082A (NS) (S)/1260
59 [37 (NS)+22
(S)/29874
Total nucleotides including non-
coding
nucleotides

We compared the nucleotide sequences of cold-adléipeeattenuated SARS-Co&vaccine
strain (SARS-CoV-2/human/Korea/CNUHV03-CAZ22020) with those in wildype

SARS-CoV-2:

developing cold-adapted live attenuated vacciragrsin Vero cells.
(S): (synonymous substitution). (NS): (nonsynonymsubstitution)

(SARS-CoV-2/human/Korea/CNUHV03/2020Wwhich was used fo




Table $4. Changed amino acid sequences in cold-adapted live attenuated SARS-CoV-2
vaccine strain (SARS-CoV-2/human/K or ea/ CNUHV 03-CA 22°C/2020)

. Changed amino acid The number of
Protein name
sequences changed sequence
Deletion : GHV(82~84),
nsp2 M85V, G233E 5/641
N1184D, G1585D,
nsp3 S1922N, A2372V, P2725L], 6/1945
ORFla A2753V
polyprotein
nsp4 S2871G, P2972S, G2985R 3/500
ORFlab nspé F3606L, N3609K 2/290
polyprotein
nsp7 D3926A 1/83
RNA-dependent| o snaw, $4806N, A5155 3/932
RNA polymerase
ORF1b helicase L5604F, V5849l 2/601
2"-0-ribose methyl 74305 p70505 2/298
transferase
. C38Y, S86F, G96E,
S protein G151S, S968A 5/1274
ORF7a Y67C 1/122
N protein 1361K 1/420
31/9755
Total amino acids (including non-
changed ORFs)

We compared the amino acid sequences of cold-atldpte attenuated SARS-Co¥-
vaccine strain (SARS-CoV-2/human/Korea/CNUHV03-C&2/2020) with those in wild-
type SARS-CoV-2 (SARS-CoV-2/human/Korea/CNUHV03/@P2vhich was used fo
developing cold-adapted live attenuated vaccirarstn Vero cells.

Single letter abbreviation name of amino acid: @lg¢G), Alaninef), Valine(V), Cysteine(C).
Proline(P), Leucine(L), Isoleucine(l), Methionihd, Tryptophan(W), Phenylalanine(F
Serine(S), Tyrosine(Y), Asparagine(N), Lysine(K)ghingR), Histidine(H), Aspartic Acid(D)
Glutamic Acid(E)
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Fig. S1. Temperature sensitivity of cold-adapted SARS-CoV-2 vaccine strain. Vero cells were infected with 0.00001 or 0.000001 m.o.i of
cold-adapted SARS-CoV-2 vaccine strain (CoV-2-CNUHV03-CA22°C) or wild-type SARS-CoV-2 (CoV-2-CNUHV03) and were incubated
at 37°C or 41°C for 3 days. Vira titers in cell supernatants were determined by RT-gPCR using SARS-CoV-2 N primers and probe. Viral
detection limit is 10 pfu. A, viral titers at 37°C; B, viral titers at 41°C. *p<0.05, **p<0.001, ND: non-detected.
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Fig. S2. Viral titersin tissues of hACEZ2 transgenic mice infected with cold adapted SARS-CoV-2. Viral titers in tissues of Fig.1c

were quantified RT-gPCR. Vird titers are the mean of 3 tissues + standard deviations. Viral detection limit is 10 pfu. A, viral titersin

nasal turbinate, lung, kidney, and spleen, B, vird titersin brain. *p<0.05, **p<0.001, ND: non-detected.



Fig. S3. Antigen staining in brain and kidney of hACE2 transgenic mice infected with cold adapted SARS-CoV-2. Brain and
kidney tissues of Fig. 1C (on day 6 p.i.) were stained with SARS-CoV-2 NP antibody (X100). A, brain tissue of PBS-mock mouse; B,
brain tissue of mouse i.n. infected with cold adapted SARS-CoV-2 (CoV-2-CNUHV 03-CA22°C) (2X10* pfu); C, brain tissue of mouse
i.n. infected with wild-type SARS-CoV-2 (CoV-2-CNUHV03) (2X10* pfu); D, kidney tissue of PBS-mock mouse; E, kidney tissue of
mouse i.n. infected with cold adapted SARS-CoV-2 (CoV-2-CNUHV03-CA22°C) (2X10* pfu); F, kidney tissue of mouse i.n. infected
with wild-type SARS-CoV-2 (CoV-2-CNUHV03) (2X10* pfu). Arrow: positive antigen staining. Inlet (X400)



Fig. $4. Antigen staining in lung, brain and kidney of hACE2 transgenic mice infected with cold adapted SARS-CoV-2 on day 14
p.i. Lung, brain and kidney tissues of Fig. 1 (on day 14 p.i.) were stained with SARS-CoV-2 NP antibody (X100). A, lung tissue of
mouse i.n. infected with cold adapted SARS-CoV-2 (CoV-2-CNUHV03-CA22°C) (2X10* pfu); B, brain tissue of mouse i.n. infected
with cold adapted SARS-CoV-2 (CoV-2-CNUHV03-CA22°C) (2X10* pfu); C, kidney tissue of mouse i.n. infected with cold adapted
SARS-CoV-2 (CoV-2-CNUHV03-CA22°C) (2X10% pfu). Inlet (X400)
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Fig. S5. Neutralizing antibody titersin sera collected from hACE2 transgenic mice before immunization. Serawere
collected from K18-ACE2 mice (n=16) before immunization, and their neutralizing antibody titers were determined against
wild-type SARS-CoV-2 viruses, CoV-2-CNUHVO03 and CoV-2-KCDCO03 in Vero cells. Detection limit of neutralizing
antibody is 10. ND: non-detected.
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Fig S6. IgA antibody titers and the number of T lymphocytes expressing IFN-y in the immunized hACE2 transgenic mice. The
immunized K18-ACE2 mice (n=3) with 2X10* pfu of CoV-2-CNUHV03-CA22°C were euthanized to collect tissues (nasal turbinate, lungs,
kidneys, spleens) on 19 days after immunization. Nasal turbinate, lungs, and kidneys were homogenized in PBS and were used for detection
of IgA antibody by ELISA using the purified and inactivated SARS-CoV-2 antigen (SARS-CoV-2/human/Koreasd CNUHV 03/2020).
Lymphocytes were collected from spleens and used to determine the number of T lymphocytes expressing IFN-y by ELISPOT assay. Data
are the mean of 3 tissues * standard deviations. A, IgA antibody titers, B, number of T lymphocytes expressing IFN-y. *p<0.05, **p<0.001
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Fig S7. Detection of Thl and Th2 cytokinesin splenocytes from the immunized hACE2 transgenic mice. Splenocytes of Figure S6B were stimulated with cold-
adapted SARS-CoV-2 vaccine for 24h, and their supernatants were used for detecting TNF-a, I1L-4 and IL-10. Data are the mean of 3 tissues + standard deviations.
**p<0.001; ND: non-detected.
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Fig. S8. Viral titers in tissues of the immunized and challenged hACE2 transgenic mice. Vira titers in tissues of Fig.3E were
guantified RT-gPCR. Virad titers are the mean of 3 tissues = standard deviations. Viral detection limit is 10 pfu. A, vira titers in nasa
turbinate, lung, kidney, and spleen; B, Vira titer in brain. *p<0.05, **p<0.001, ND: non-detected.



Fig. 9. Antigen staining in brain and kidney of the immunized and challenged hACE2 transgenic mice. Brain and kidney tissues of
challenged K18-ACE2 mice (Fig. 3E) were stained with SARS-CoV-2 NP antibody (X400). A, brain tissue of PBS-mock mouse; B, brain
tissue of vaccinated mouse with CoV-2-CNUHV03-CA22°C (2X102 pfu) and challenged with CoV-2-KCDCO03 (2X10* pfu) ; C, brain
tissue of vaccinated mouse with CoV-2-CNUHV03-CA22°C (2X10* pfu) and chalenged with CoV-2-KCDCO03 (2X10* pfu); D, brain
tissue of PBS-mock vaccinated mouse challenged with CoV-2-KCDCO03 (2X10* pfu); E, kidney tissue of PBS-mock mouse; F, kidney
tissue of vaccinated mouse with CoV-2-CNUHV03-CA22°C (2X10° pfu) and challenged with CoV-2-KCDCO03 (2X10* pfu); G, kidney
tissue of vaccinated mouse with CoV-2-CNUHV03-CA22°C (2X10* pfu) and chalenged with CoV-2-KCDCO03(2X10* pfu); H, kidney
tissue of PBS-mock vaccinated mouse challenged with CoV-2-KCDCO03 (2X10* pfu). Arrow: positive antigen staining.




ATCACGAIICTTCTAICTGT TTCANTAGAMAACACNISTACAACTCAGT TTGICTG TTTACAGST TAXIGATGTGUTAST AJCTAECT TTAAACTAIGTGAGHA
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W d ORFlab G3GATGCTCGAACTGCACCTCATGETCATGI TATGST TGAGCTGGTACGCAGAACTCGAAGECAT TCAGTACSET GGTAGT GETGAGACACT TAGTGTGCT TGTAACTCAT
Vac ORFlab G3GATGCTCGAACTACACCTCAT--------- GGG TGAGCTGETACCAGAACT CAAGECAT TCAGT ACEET CETAGT GET GAGACACT TGSTGI GCT TGTAACTCAT
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W1 d ORFlab ATGCTTTATG3GTAGAAT TCGATCTGICTATCCAGT TAOGT CACCAAATGAATGCAACCAAATGI GOCT TTCAACTCTCATGAAGT GTGATCAT TGTGETGAAACT TCA
Vac ORFlab ATGTTTATGEETAGRATTCGATCTGICTATCCAGT TAOGTCACCAAATGAATGCAACCAAATGIGOCT TTCAACTCTCATGAAGT GTGATCAT TGTGGTGAAACT TCA
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W1 d ORFlab AATTTATTGIGCAGCATGICACAAT TCAGAAGT AGGACCTGAGCATAGT CTTAOOGAATACCATAATGAATCTGECT TGAAAACCAT TCT TGGTAAGSGTGGTA3CACTA
Vac ORFlab AATTTATTGIGCAGCATGICACAAT TCAGAAGT AGGACCTGAGCATAGT CTTAOOGAATACCATAATGAATCTGECT TGAAAACCAT TCT TAGTAAGSGIGGTA3CACTA
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W1l d ORFlab TTGCTTTGGAGSCTGIGIGI TCTCTTATGI TGGT TGOCATAACAAGT GIGOCTAT TG3GT TACACGTGCTAGIECTAACATAGST TGTAACCATACAGSIGI TGT TGGA
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W1 d ORFlab GAAGGTTGOGAAGGTCT TAATGACAACCT TCT TGAAATACTCCAAAAAGAGAAAGT CAACATCAATAT TGT TGGTGACT TTAAACT TAATGAAGAGATCAEOCATTATTTT
Vac ORFlab GAAGGTTGOGAAGGTCTTAATGACAACCT TCT TGAAATACTCCAAAAAGAGAAAGT CAACATCAATAT TGT TGGTGACT TTAAACT TAATGAAGAGATCAEOCATTATTTT

GXCATCTT TTTCTGCT I(LIACM(JI(LI I IbIGAAACIGTGQM(BITW@AWATAIAAGAW@AeCQAAWGTIGQATOCTGTGI;FAAI I IAAIAGITACAAAAF
1440 1450 1460 1470 1480 1490 1500 1510 1520 1530 1540
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W1l d ORFlab GAAAAGCTAAAAAAGGTGOCTGEAATAT TGETGAACAGAAATCAATACTGAGT CCTCT TTATGCAT T TACATCAGAGSCTACTGGT GI TGTACGATCAAT TTTCTA3OX
Vac ORFlab GAAAAGCTAAAAAAGGTGOCTGEAATAT TGETGAACAGAAATCAATACTGAGTCCTCT TTATGCAT TTACATCAGAGECTACTAGTGI TGTACGATCAAT TTTCTA3OX
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W d ORFlab ATCTGATTTGECTACTAACAATCTAGI TGTAATG3OCTACAT TACAGGTGSTGI TG TCAGI TGACT TABCAGTGECTAACTAACATCT TTG3CACTGI TTATGAAAAAC
Vac ORFlab ATCITGATTTGECTACTAACAATCTAGI TGTAATG3OCTACAT TACAGGTGSTGI TG TCAGI TGACT TABCAGTGECTAACTAACATCT TTG3CACTGI TTATGAAAAAC
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W1 d ORFlab TCAAAGOOGTGCTTGATTGACT TGAAGAGAAGT TTAAGGAAGGTGTAGAGT TTCT TAGAGACSGT TGZAAAT TG TAAAT TTATCTCAACCTGTGCT TGTGAAATTGIC
Vac ORFlab TCAAAGOOGTGCTTGATTGECT TGAAGAGAAGT TTAAGGAAGGTGTAGAGT TTCT TAGAGACSGT TGZAAAT TG TAAAT TTATCTCAACCTGTGCT TGTGAAATTGIC
|
GETGEACAAAT TGT CACCTGTGCAAAGAAAT TAACGAGAGT G TCAGACAT TCT TTAAGCT TGTAAATAAAT TTTTACT TTGIGT GCTGACTCTATCAT TAT TGGT G
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W1 d ORFlab GGTGGACAAATTGTCACCTGTGOAMGAAAT TAAGGAGAGT G TCAGACAT TCTTTAAGCT TGT AMATAAAT TTTTGRCT TTGT GTGCTGACTCTATCATTATTAGTG:
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W1 d ORFlab AGCTAAACTTAAAGCCTTGAATT TAGSTGAAACAT TTGICACGCACTCAAAGEEAT TGTACAGAAAGTGTGT TAAATGCAGAGAAGAAACTG3OCTACTCATGCTCTAA
Vac ORFlab AGCTAAACTTAAAGCCTTGAATT TAGSTGAAACAT TTGICACGCACTCAAAGEEAT TGTACAGAAAGT GTGT TAAATGCAGAGAAGAAACTG3OCTACTCATGCTCTAA
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W1 d ORFlab AAGIOCCAAAAGAAATTATCT TCT TAGAGEEAGAAACACT TAOCACAGAAGT G TAACAGAGGAAGT TGT TTTGAAAACT GGTGAT T TACAACCAT TAGAACAACCTACT
Vac ORFlab AAGIOOCAAAAGAAATTATCI TCT TAGAGEEAGAAACACT TAOCACAGAAGT G TAACAGAGGAAGT TGTCT TGAAAACT GGTGAT T TACAACCAT TAGAACAACCTACT
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W1 d ORFlab AAAACTTTGCAACCAGTATCTGAAT TACT TACACCACTG33CAT TGAT TTAGATGAGT GCAGT ATGECTACATACTACT TATTTGATGAGTCTGGTGAGT TTAAAT TG
Vac ORFlab AAAACTTTGCAACCAGTATCTGAAT TACT TACACCACTG33CAT TGAT TTAGATGAGT GGAGT ATGECTACATACTACT TATTTGATGAGTCTGGTGAGT TTAAAT TG

TTCACATATGTATTGI TCT TTCTAGICTAAATCNIATCANANNGSTGAT TCTGAAGAAGAGAGT TTGNIIATCAACTCAATATGAGTATGSTACTGAAGATC
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W1 d ORFlab TTCACATATGIATTGITCTTTCTACOCTCCAGATGAGGATGAAGAAGAAGGT GAT TGT GAAGAAGAAGAGT TTGAGSCATCAACTCAATATGAGTATGGTACTGAAGATC
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ATTACCAAGGTAAACCT TTGEAAT TTGETGICACT TCTACTGCTCT TCAACCTGAAGAAGAGTAAGAAGAAGAT TAST TAGATGATCATAGT CAACAAACTGI TASTCAA
2870 2880 2890 2900 2910 2920 2930 2940 2950 2960 2970

W1 d ORFlab ATTACCAAGGTAAACCTTTGGAATTTGETGICACT TCTGCTGCTCT TCAACCTGAAGAAGAGCAAGAAGAAGAT TGST TAGATGATGATAGT CAACAAACTGT TGGTCAA
Vac ORFlab ATTACCAAGGTAAACCTTTGGAATTTGETGICACT TCTGCTGCTCT TCAACCTGAAGAAGAGCAAGAAGAAGAT TGST TAGATGATGATAGT CAACAAACTGT TGGTCAA
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2980 2990 3000 3010 3020 3030 3040 3050 3060 3070 3080

W d ORFlab CAAGAOG3CAGIGAGGACAATCAGACAACTACTAT TCAAACAAT TGT TGAGGT TCAACCTCAAT TAGAGATGEAACT TACACCAGT TGT TCAGACTATTGAAGTGAATAC
Vac ORFlab CAAGAOG3CAGIGAGGACAATCAGACAACTACTAT TCAAACAAT TG TGAGGT TCAACCTCAAT TAGAGATGEAACT TACACCAGT TGT TCAGACTATTGAAGTGAATAC
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W1l d ORFlab AGCCTTAAACATGGAGGAGGIGI TACAGGACGICT TAAATAAGECTACT AACAATGICATGCAAGT TGAATCTGATGAT TACATAGCTACTAATGGACOECT TAAAGTGASET
Vac ORFlab ACCTTAAACATGEAGGAGGIGI TACAGGAGICT TAAATAAGECTACT AACAATGICATGCAAGT TGAATCTGATGAT TACATAGCTACTAATGGACCACT TAAAGTGIGET
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3310 3320 3330 3340 3350 3360 3370 3380 3390 3400 3410
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1T IAATCACII)AOSMGITICTAC]T@OIZWITA'ITAT@CIJT(ETAI [T IGJIGJI(:»?(IIITATACAII [CTT |M@(IJ| [ I(JI(JIAGIO\TACFGIT(IiTJOCAAATGl'le
3420 3430 3440 3450 3460 3470 3480 3490 3500 3510 3520

W1 d ORFlab TTTTAATCAGCACGAAGT TCTACTTGCACCATTAT TATCAGCTGGTATTT TTGETGCTGACCCTATACATTCT TTAAGAGT TTGTGTAGATACTGI TABCACAAATGICT
Vac ORFlab TTTTAATCAGCACGAAGT TCTACTTGCACCATTAT TATCAGCTGGTATTT TTGETGCTGACOCTATACATTCT TTAAGAGT TTGTGTAGATACTGI TABCACAAATGICT
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3530 3540 3550 3560 3570 3580 3590 3600 3610 3620 3630

W1 d ORFlab ACTTAGCTGICTTTGATAAAAATCTCTATAACAAACT TGT TTCAAGCT TTTTGGAAATGAAGAGT GAAAAGCAAGT TGAACAAAAGATOECTGAGAT TACTAAAGAGAA
Vac ORFlab ACITAGCTGICTTTGATAAAAATCTCTATGACAAACT TGI TTCAAGCT TTTTGGAAATGAAGAGT GAAAAGCAAGT TGAACAAAAGATOECTGAGATTACTAAAGAGAA

GITAAGICAT TTATAACTGAAAGT AMOCT TCAGT TGAACAGAGAAANANGATGAT ANGAMAATCAMNICTTGTGT TGAAGAGT TAAACACTCTGAAGAAACTAA
3640 3650 3660 3670 3680 3690 3700 3710 3720 3730 3740

W d ORFlab GITAAGICATTTATAACTGAAAGTAAACCT TCAGT TGAACAGAGAAAACAAGATGATAAGAAAATCAAAGCT TGTGT TGAAGAAGT TACAACAACTCTGEAAGAAACT AR
Vac ORFlab GITAAGOCATTTATAACTGAAAGTAAACCT TCAGT TGAACAGAGAAAACAAGATGATAAGAAAATCAAAGCT TGTGT TGAAGAAGT TACAACAACTCTGEAAGAAACT AR

GITCCT CACIAGQAAACTI' GII'I' ACTT IATA'II'I'GOCA'ITAA'II'(IIDQATCW IOA\TOSAGO\'I'I'ICT GOCACT CTII' GITAGT GOCIATI'GO(AT@QTI' CIT. AAACIBQAAGO\T(III' IC
3750 3760 3770 3780 3790 3800 3810 3820 3830 3840 3850

W d ORFlab GITGCTCACAGAAAACTTGI TACTTTATATTGACATTAATGECAATCI TCATGCAGAT TCTG3CACTCT TG TAGT GACAT TGACATCACT TTCT TAAAGAAAGATGCTC
Vac ORFlab GITGCTCACAGAAAACTTGITACTTTATATTGACATTAATGECAATCI TCATCCAGAT TCTGOCACTCT TG TAGT GACAT TGACATCACT TTCT TAAAGAAAGATGCTC
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3860 3870 3880 3890 3900 3910 3920 3930 3940 3950 3960

W1 d ORFlab CATACATAGIG3GTGATGI TG TCAAGAGSEIGI TTTAACTGCTGIGET TATACCTACTAAAAAGSECTGETG3CACTACTGAAATGCTAGIGAAAGCT TTGAGAAAAGT C
Vac ORFlab CATATATAGIG3GIGATGI TG TCAAGAGSEIGI TTTAACTGCTGIGSET TATACCTACTAAAAAGECTGETGCACTACTGAAATGCTAGIGAAAGCT TTGAGAAAAGTC
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AICI, A'I'I'ATICT ClI, AATGOGIMCIDMGQAA'IITCTI' GT‘:AAC]' GITTCTT (EIQA'ITI'(DSOGIQAAT(IJT (II)IA(AT(IDAGMIGQAA@(IIDQIAATI'AAT(IIIII' GICIGIGI GIC
4080 4090 4100 4110 4120 4130 4140 4150 4160 4170 4180

W1 d ORFlab ATCTATTATCTCTAATGAGAAGCAAGAAATTCT TGGAACTGI TTCT TGGAAT TTGIGAGAAATGCTARCACATGCAGAAGAAACACBCAMAT TAATGICTGICTGTGI L
Vac ORFlab ATCTATTATCTCTAATGAGAAGCAAGAAAT TCT TGGAACTGI TTCT TGGAAT TTGIGAGAAATGCTARCACATGCAGAAGAAACACBCAPAT TAATGICTGICTGTGIGL
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4190 4200 4210 4220 4230 4240 4250 4260 4270 4280 4290

W1 d ORFlab AAACTAAAGICATAGI TTCAACTATACAGIGTAAATATAAGSGETAT TAAAATACAAGAGEETGTGST TGATTATGGTGCTAGAT TTTACT TTTACACCAGTAAAACAACT
Vac ORFlab AAACTAAAGOCATAGI TTCAACTATACAGIGTAAATATAAGSGETAT TAAAATACAAGAGEETGTGST TGATTATGGTGCTAGAT TTTACT TTTACACCAGTAAAACAACT
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4300 4310 4320 4330 4340 4350 4360 4370 4380 4390 4400

W1l d ORFlab GrAGIGTCACT TATCAACACACT TAACGATCTAAATGAAACT CT TGT TACAATGICACT TA3CTATGTAACACATGACT TAAAT TTGEAAGAAGCTGCTGEGTATATGAC
Vac ORFlab GIAGIGTCACT TATCAACACACT TAACGATCTAAATGAAACT CT TGT TACAATGOCACT TACTATGT AACACATGCT TAAAT TTGGAAGAAGCTGCTAEGTATATGAC

ATCTCTOQAIAGT(IDACIJT,IACA(JI TCTGITTCI ILA&IGAT@TGT?@GBTATAAT(BITATGTAGTGTGTCTAAM@C?FGMGMCAII [T IA'ITGQAIA
4410 4420 4430 4440 4450 4460 4470 4480 4490 4500 4510
W d ORFlab ATCTCTCAAAGIGOCAGCTACAGITTCTGITTCT TCACCTGATGCTGI TACAGSGTATAATGSET TATCT TACT TCTTCT TCTAAAACACCTGAAGAACAT TTTATTGAAA
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GCATCT CACITI' GCTGSI T OICT ATAAAGOTII'GST QCT. A'I'I'ICT GSOCQATCIT ACACAACT, A{BT ATAGQATIITCTI' AAGOGIOGST GO\TAAAIPGI' Gl ATA'I'I',IOCACI' AGT AA'IF
4520 4530 4540 4550 4560 4570 4580 4590 4600 4610 4620

W1 d ORFlab GCATCTCACT TGCTGST TACTATAAAGAT TGGTGCTAT TCTGEACAATCTACACAACT AGGTATAGAAT TTCT TAAGAGAGGTGATAAAAGT GTATAT TACACTAGTAAT
Vac ORFlab QGCATCICACT TGCTGST TACTATAAAGAT TGGTGCTAT TCTGEACAATCTACACAACT AGGTATAGAAT TTCT TAAGAGAGGTGATAAAAGT GTATAT TACACTAGTAAT
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W1 d ORFlab AAGGTAAAACATTTTATGI TTTACCTAATGATGACACTCTACGTGI TGAGSCT TTTGAGTACTACCACACAACTGATCCTAGT TTTCTGEGTAGGTACATGTCAGCATTA
Vac ORFlab AAGGTAAAACATTTTATGI TTTACCTAATGATGACACTCTACGTGI TGAGECT TTTGAGTACTACCACACAACTGATACTAGT TTTCTGEGTAGGTACATGTCAGCATTA
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4960 4970 4980 4990 5000 5010 5020 5030 5040 5050 5060

W1 d ORFlab AATCACACTAAAAAGTGGAAATACCOCACAAGT TAATGGT TTAACT TCTAT TAAATGEECAGATAACAACTGI TATCT TGOCACTGCAT TGT TAACACTCCAACAAATAGA
Vac ORFlab AATCACACTAAAAAGTGGAAATACCOCACAAGT TAATGGT TTAACT TCTAT TAAATGE3CAGATAACAACTGI TATCT TGOCACTGCAT TGT TAACACTCCAACAAATAGA
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5070 5080 5090 5100 5110 5120 5130 5140 5150 5160 5170

W1 d ORFlab GITGAAGITTAATCCACCTGCTCTACAAGATGCT TAT TACAGAGCAAGEICTGETGAAGCTGCTAACT TTTGIGCACT TATCT TAGCCTACTGTAATAAGACAGTAGETC
Vac ORFlab GITGAAGITTAATCCACCTGCTCTACAAGATGCT TAT TACAGAGCAAGEECTGETGAAGCTACTAACT TTTGIGCACT TATCT TAGOCTACTGTAATAAGACAGTAGETC

AGTTAGETGATGT TAGAGAAACAATGAGT TACT TG TTCAACATGICAAT TTAGAT TCT TACAAAAGAGTCT TGAAGGT GETGTGTAAAACT TGTGEACAACAGCAGACA
5180 5190 5200 5210 5220 5230 5240 5250 5260 5270 5280

W1 d ORFlab AGITAGGIGATGI TAGAGAAACAATGAGT TACT TG TTCAACATGOCAAT TTAGAT TCT TACAAAAGAGT CT TGAACGTGETGIGTAAAACT TGTGGACAACABCAGACA
Vac ORFlab AGITAGGIGATGI TAGAGAAACAATGAGT TACT TG TTCAACATGOCAAT TTAGAT TCT TACAAAAGAGT CT TGAACGTGETGIGTAAAACT TGTGGACAACABCAGACA
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5290 5300 5310 5320 5330 5340 5350 5360 5370 5380 5390

W d ORFlab AGCCTTAAGSGIGTAGAAGCTGI TATGTACATGE3CACACT TTCT TATGAACAAT T TAAGAAAGGTGT TCAGATACCT TGTACGTGTGGTAAACAAGCTACAAAATATCT
Vac ORFlab AGCCTTAAGSGIGTAGAAGCTGI TATGTACATGE3CACACT TTCT TATGAACAAT T TAAGAAAGGTGT TCAGATACCT TGTACGTGTGGTAAACAAGCTACAAAATATCT
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W1 d ORFlab GICACTATAAACATATAACT TCTAAAGAAACT TTGTAT TGCATAGACSGIGCT T TACT TACAAAGT CCTCAGAATACAAAGGTCCTAT TACEGATGI TTTCTACAAAGAA
Vac ORFlab GICACTATAAACATATAACT TCTAAAGAAACT TTGTAT TGCATAGACSGIGCT TTACT TACAAAGT CCTCAGAATACAAAGGTCCTAT TACEGATGI TTTCTACAAAGAA
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5620 5630 5640 5650 5660 5670 5680 5690 5700 5710 5720

W d ORFlab AACAGT TACACAACAACCATAAAACCAGT TACT TATAAATTGGATGSTGI TG TTGTACAGAAAT TGACOCTAAGT TGGACAAT TATTATAAGAAAGACAATTCT TATTT
Vac ORFlab AACAGI TACACAACAACCATAAAACCAGT TACT TATAAAT TGGATGSTGI TG TTGTACAGAAAT TGACOCTAAGT TGGACAAT TATTATAAGAAAGACAATTCT TATTT

CACAGOCI)QIA(I}QA'ITGATIC]T GTA@A?WTATWEIT OSO\TAIAI [TTAAGT I GIATGI GO\T,IQATATCAAAI TTGC] L—ATGO\II I IAAACCOGIT
5730 5740 5750 5760 5770 5780 5790 5800 5810 5820 5830

W1 d ORFlab CACAGAGCAACCAATTGATCI TGTACCAAACCAACCATATCCAAGIECAAGCT TAGATAAT TTTAAGT TTGTATGI GATAATATCAAAT TTGCTGATGAT TTAAACCAGT
Vac ORFlab CACAGAGCAACCAATTGATCI TGTACCAAACCAACCATATCCAAACGCAAGCT TAGATAAT TTTAAGT TTGTATGI GATAATATCAAAT TTGCTGATGAT TTAAACCAGT
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5840 5850 5860 5870 5880 5890 5900 5910 5920 5930 5940
W1 d ORFlab TAACTGSTTATAAGAAACCTGCT TCAAGAGAGCT TARAGT TACATTTTTOOCTGACT TAAATGGT GATGTGGTGACT AT TGAT TATAMCACT ACACACOCTCTTTTAAC
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5950 5960 5970 5980 5990 6000 6010 6020 6030 6040 6050

W1 d ORFlab AAAGGAGCTAAATTGI TACATAAACCTATTGI TTG3CATGT TAACAATGCAACT AATAAAGICACGT ATAAACCAAATACCTGETGTATACGT TGICT TTGGAGCACAAA
Vac ORFlab AAAGGAGCTAAATTGI TACATAAACCTATTGI TTG3CATGT TAACAATGCAACT AATAAAGICACGT ATAAACCAAATACCTGETGTATACGT TGICT TTGGAGCACAAA
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6060 6070 6080 6090 6100 6110 6120 6130 6140 6150 6160

W1 d ORFlab ACCAGITGAAACATCAAATTAGT TTGATGTACTGAAGT CAGAGGACGEIECAGEEAATGEATAATCT TAOCTGIGAGEATCTAAAACCAGT CTCTGAAGAAGT AGTGZAAA
Vac ORFlab AGCAGITGAAACATCAAATTAGT TTGATGTACTGAAGT CAGAGGACGEIECAGEEAATGEATAATCT TAOCTGIGAAGATCTAAAACCAGT CTCTGAAGAAGT AGTGZAAA
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CIIZCACACA(ISA\TCI' AATCBIZ'I' GCTTATG ,IGGACQATI'CI' ,IAGI' CITACT. ATI'AAGQAACCII' AATGQATI'ATCI' AGAGI AWAGSITI' GQAIAPCCCIT AT, ,IBCI' CATG?ITIT
6280 6290 6300 6310 6320 6330 6340 6350 6360 6370 6380

W1l d ORFlab G30CACACAGATCTAATGRCTACTTATGTAGACAAT TCTAGICT TACTAT TAAGAAACCT AATGAAT TATCTAGAGTAT TAGGT TTGAAAACOCT TACTACTCATGEI TT
Vac ORFlab G3OCACACAGATCTAATGRCTACT TATGTAGACAAT TCTAGICTTACTAT TAAGAAACCT AATGAAT TATCTAGAGT AT TAGGT TTGAAAACOCT TACTACTCATGSI TT
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6390 6400 6410 6420 6430 6440 6450 6460 6470 6480 6490

W d ORFlab AGCTGCTGITAATAGIGTGOCT TG3GATACTATAGCTAATTATGCTAAGSCT TTTCT TAACAAAGT TGT TAGTACAACT ACTAACATAGT TACACSGTGI TTAAAGTGIC
Vac ORFlab AGCTGCTGITAATAGIGTGOCT TG3GATACTATAGCTAATTATGCTAAGSCT TTTCT TAACAAAGT TGT TAGTACAACT ACTAACATAGT TACACSGTGI TTAAAGTGIC

'ITI'GTACTAIA'ITATAT(IITIITAI [TCTT I,IAL,I [ IA'IT(IJ]'ACQA'ITGTG]’ACI [T IACT,IAGMGTACQAIAWCTAGQNTAANIATCTATGIBOCF@ATA@AA?
6500 6510 6520 6530 6540 6550 6560 6570 6580 6590 6600

W1 d ORFlab TTTGIACTAATTATATGOCTTATTTCTTTACTTTATTGCTACAATTGTGIACT TTTACTAGAAGTACAAAT TCTAGAAT TAAAGCATCTATGIOGACTACTATAGCAAAC
Vac ORFlab TTTGIACTAATTATATGOCTTATTTCTTTACTTTATTGCTACAATTGTGIACT TTTACTAGAAGTACAAAT TCTAGAAT TAAAGCATCTATGIOGACTACTATAGCAAAC

AATACI'GI'I?IMGAGI'GI'CGFSTAAAI [T IC%TCTA@CBCI'ITCATFTAATTATFT@AGTC?CCTAAI [ IIICI'AAACI'GATAAATATI'AT@A'I_ITGSI Tl IACI'A'ITAP?
6610 6620 6630 6640 6650 6660 6670 6680 6690 6700 6710
W1 d ORFlab AATACTGI TAAGAGIGIGEGTAAATTT TGTCTAGAGECT TCATTTAAT TATT TGAAGTCACCTAATTTTTCTAAACTGATAAATAT TATAATTTGST TTTTACTATTAAC
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TG TTAXCTAGST TCT TTAATCTACTCANIISCTACT TTAGSTGT TTTAATGTCTAAT T TAGSATGICTTCT TACTGT ACTGST TACAGAGAMGCTAT TTGAACTCTA
6720 6730 6740 6750 6760 6770 6780 6790 6800 6810 6820

W1 d ORFlab TGITTGCTAGS TCITTAATCTACTCAACCETACTTTAGSTGI TTTAATGT CTAAT TTAGECATACT TCT TACTGTACT GG TACAGAGAAGECTAT TTGAACTCTA
Vac ORFlab
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CTAATGT@?TAW(IJMOICTACTGTACT@TCTATAOISITGTA(JI(JI TTGICT |A(J|$.‘IJ| [TAGAT TCT1 IAGOCAOICTATOSITCI II IAGQAACI'ATACQAATI’ACIC
6830 6840 6850 6860 6870 6880 6890 6900 6910 6920 6930

W1 d ORFlab CTAATGICACTATTGCAACCTACTGTACTGSI TCTATACCT TGTAGIGI TTGICTTAGTGST TTAGATTCT TTAGACACCTATCCT TCTTTAGAAACTATACAAATTACC
Vac ORFlab CIAATGICACTATTGCAACCTACTGTACTGSI TCTATACCT TGTAGIGI TTGICTTAGTGSI TTAGATTCT TTAGACACCTATCCT TCTTTAGAAACTATACAAATTACC




ATTTCATCI T IAAATCHSIA\TITAACI'CEII 1 ICBCITAIGITCDG@GTCISI [TT1 ICBSIA\TATATI'CI I ICACTACEI'II'I'ITCTATGDIBCIT@'ITG?CF@ATCNI[
6940 6950 6960 6970 6980 6990 7000 7010 7020 7030 7040

W1 d ORFlab ATCTCATCITTTAAATGEGATTTAACTGCTTTTGCT TAGT TGCAGAGTGGT TTTTG3CATATATTCT TTTCACTAGST TTTTCTATGTACT TGGATTG3CTGCAATCAT
Vac ORFlab ATTTCATCITTTAAATGEATTTAACTGCTTTTACT TAGT TACAGAGTGGT TTTTG3CATATATTCT TTTCACTAGGT TTTTCTATGTACT TGGATTG3CTGCAATCAT

GCAATTA N [CACCTAT T IGSGGI'ACIA\I [T IATI'AG;I'AATI'CITCHI:WATGTCEUAATAAﬁAATCWGTACQAﬁTCHIIIBATW@GTFATIG;WAGAATq
7050 7060 7070 7080 7090 7100 7110 7120 7130 7140 7150

W1 d ORFlab GCAATTGITTTTCAGCTATTTTGCAGTACATTTTATTAGTAATTCT TGRCT TATGTGST TAATAAT TAATCT TGCACAAATGBOO0CCAT TTCACGCTATGST TAGAATGT
Vac ORFlab GCAATTGITTTTCAGCTATTTTGCAGTACATTTTATTAGTAATTCT TG TATGIGST TAATAAT TAATCT TGTACAAATGEOO0CCAT TTCACGCTATGSET TAGAATGT

ACATCTTCI 1 [GCATCAI I IA'I'I'ATGTA'II'(I?AAAAGI'DIATGT&ATGTGTA@(IEITGTMWCAT@AGTGTAT@TGTGTACIAAMEFMTA@@MCMG?
7160 7170 7180 7190 7200 7210 7220 7230 7240 7250 7260

W1 d ORFlab ACATCITCITTGCATCATTTTATTATGTATGGAAAAGT TATGIGCATGT TGTAGAGSET TGTAAT TCATCAACT TGTATGATGI GT TACAAACGTAATAGAGCAACAAGA
Vac ORFlab ACATCITCITTGCATCATTTTATTATGTATGGAAAAGT TATGIGCATGT TGTAGAGSET TGTAAT TCATCAACT TGTATGATGI GT TACAAACGTAATAGAGCAACAAGA
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7270 7280 7290 7300 7310 7320 7330 7340 7350 7360 7370

W1 d ORFlab GIGGAATGTACAACTATTGI TAATGGIGI TAGAAGGTCCT TT TATGI CTACGCTAATGGAGET AAAGCT TTTGCAAACTACACAAT TGGAATTGIGT TAATTGTGATAC
Vac ORFlab GIGGAATGTACAACTATTGI TAATGGIGI TAGAAGGTCCT TTTATGICTATGCTAATGGAGET AAAGCT TTTGCAAACTACACAAT TGGAATTGIGT TAATTGTGATAC
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7380 7390 7400 7410 7420 7430 7440 7450 7460 7470 7480

W1 d ORFlab ATTCTGIGCTGGTAGIACATTTATTAGIGATGAAGT TAOGAGAGACT TATCACTACAGT TTAAAAGACCAATAAATCCTACTGACCAGI CT TCT TACATGGT TGATAGI C
Vac ORFlab ATTCTGIGCTGGTAGTACATTTATTAGIGATGAAGT TAOGAGAGACT TGTCACTACAGT TTAAAAGACCAATAAATCCTACTGACCAGICT TCT TACATGGT TGATAGIC
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7490 7500 7510 7520 7530 7540 7550 7560 7570 7580 7590

W1 d ORFlab TTACAGIGAAGAATGST TGCATCCATCI TTACT TTGATAAAGCTGSETCAAAAGACT TATGAAAGACAT TCTCTCTCTCAT T TTGT TAACT TAGACAACCTGAGAGCTAAT
Vac ORFlab TTACAGIGAAGAATGST TGCATCCATCT TTACT TTGATAAAGCTGETCAAAAGACT TATGAAAGACAT TCTCTCTCTCAT T TTGI TAACT TAGACAACCTGAGAGCTAAT

AACACTAAA(IIEIT CAII'I'(I)ICTA'ITAATGI'II'ATAGI 1T I?AT(ISTAAATICAAAATGT GQIAGQATCATCT gJQAAATCA(IIJST CIGt IA{II'ACOGI' COG?ITATGI' GIt CIA
7600 7610 7620 7630 7640 7650 7660 7670 7680 7690 7700

W1 d ORFlab AACACTAAAGGT TCATTGOCTATTAATGI TATAGI TTTTGATGGTAAATCAAAATGT GAAGAATCATCTGCAAAATCAGTGTCTGT TTACTACAGI CAGCT TATGTGI CA
Vac ORFlab AACACTAAAGGT TCATTGOCTATTAATGI TATAGI TTTTGATGGTAAATCAAAATGT GAAGARATCATCTGCAAAATCAGTGTCTGT TTACTACAGI CAGCT TATGTGI CA




ACIII'ATACI'IGI'I'ACI'AGA\TICACBSATTAC%TGTCTGA\TGI'ITCISTGATAGTIC{IISMGITCBITJGGITAAAATGI [1 I(%TCEKTACEWMTA@WWCAT@ACI 1T IAACF
7710 7720 7730 7740 7750 7760 7770 7780 7790 7800 7810

W1l d ORFlab ACCTATACTGI TACTAGATCAGCATTAGIGICTGATGI TGETGATAGTGOBGAAGT TGCAGT TAAAATGI TTGATGCT TAGGT TAATAGGT TTTCATCAACT TTTAACC
Vac ORFlab AGCTATACTGI TACTAGATCAGECATTAGTGICTGATGI TGGTGATAGTGOCGAAGT TGCAGT TAAAATGI TTGATGCT TAGGT TAATAGGT TTTCATCAACT TTTAACC
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7820 7830 7840 7850 7860 7870 7880 7890 7900 7910 7920
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TTTGIT GO\'I'II'CAGO\TGT AGIQAACT AAAGA'II'GIT G GQA'II'GT CIT. AAATII'GT CACATCQIATCT GOCATAIGMGIT ACTH (IIIJSATAGIT GII' AATAACT. AT/IATGCI' CACXCT, '.A
7930 7940 7950 7960 7970 7980 7990 8000 8010 8020 8030

W1 d ORFlab TTTGITGATTCAGATGTAGAAACTAAAGATGI TGI TGAATGI CT TAAAT TGTCACATCAATCTGACATAGAAGT TACTGEOGATAGT TGTAATAACTATATGCTCACCTA
Vac ORFlab TTTGITGATTCAGATGTAGAAACTAAAGATGI TGI TGAATGI CT TAAAT TGTCACATCAATCTGACATAGAAGT TACTGEOGATAGT TGTAATAACTATATGCTCACCTA
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8040 8050 8060 8070 8080 8090 8100 8110 8120 8130 8140

W1 d ORFlab CAACAAAGT TGAAAACATGACACOOOGTGACCT TAGTGCT TGTAT TGACTGTAGT GOE0GT CATAT TAATGOECAGGET ACCAAAAAGT CACAACAT TACT TTGATATGGA
Vac ORFlab TAACAAAGT TGAAAACATGACACOOOGTIGACCT TAGTGCT TGTAT TGACTGTAGTI GOEOGT CATAT TAATGOBCAGGET ACCAAAAAGT CACAACAT TACT TTGATATGGA
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8150 8160 8170 8180 8190 8200 8210 8220 8230 8240 8250

W1 d ORFlab AGGITAAAGATTTCATGICATTGICTGAACAACCACGAAAACAAATACGT AGT GCTGCTAAAAAGAATAACT TACCT TTTAAGT TGACATGI GCAACTACTAGACAAGT T
Vac ORFlab AGGITAAAGATTTCATGICATTGICTGAACAACTACGAAAACAAATACGTAGTGCTGCTAAAAAGAATAACT TACCT TTTAAGT TGACATGI GCAACTACTAGACAAGT T

GITAATGI TGT AACAACANNGAT AGACT TAAGESTGST AAMATTGT TAAT AAT TGGT TGAASCAGT TAATTAMGT TAACT TGTGT TACTTTTTGI TACTGCTATTTT
8260 8270 8280 8290 8300 8310 8320 8330 8340 8350 8360

W1 d ORFlab GITAATGCTGTAACAACAAAGATAGCACT TAAGEGTGETAAAAT TGT TAATAAT TGGT TGAAGCAGT TAATTAAAGT TACACT TGTGI TGCT TTTTGT TACTGCTATTTT
Vac ORFlab GITAATGI TGTAACAACAAAGATAGCACT TAAGEGTGETAAAAT TGT TAATAAT TGGT TGAAGCAGT TAATTAAAGT TACACTTGTGI TACT TTTTGT TACTGCTATTTT

Cl, A'I'I'I'AAT,IMCA(IIT GT IOA\TGT CATGT ICT AAACATACIT GACTTT ICQIAGT GQAATCATAGSATAW{IIJT A'ITGAT?ST GEIG Cﬁgl' GGl GOCAT,IO(IJATCI' ACOF
8370 8380 8390 8400 8410 8420 8430 8440 8450 8460 8470

W1 d ORFlab CTATTTAATAACACCTGI TCATGICATGICTAAACATACTGACT TTTCAAGTGAAATCATAGGATACAAGECTAT TGATGSET GET GTCACTGGTGACATAGCATCTACAC
Vac ORFlab CTATTTAATAACACCTGI TCATGICATGICTAAACATACTGACT TTTCAAGTGAAATCATAGGATACAAGECTAT TGATGSET GETGTCACTGGTGACATAGCATCTACAC
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8480 8490 8500 8510 8520 8530 8540 8550 8560 8570 8580

W1 d ORFlab ATACTTGITTTGCTAACAAACATGCTGATTTTGACACATGST TTAGTCAGOGT GETGSETAGI TATACTAATGACAAAGCT TGOCCAT TGAT TGCTGCAGT CATAACAAGA
Vac ORFlab ATACTTGITTTGCTAACAAACATGCTGATTTTGACACATGST TTAGICACOGTGETGSETAGI TATACTAATGACAAAGCT TGOCCAT TGAT TGCTGCAGT CATAACAAGA
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@@(I)A\TCIQAAACITATAIGOGTA@CTG?CITFWT@(LI TGIGITT I(.{Ll(il,l(:AATGTACIQAI 1T IAAAIGAT(IIITCT(IIEI'AA(IIJAGDIO(IJATATI'GIT
8700 8710 8720 8730 8740 8750 8760 8770 8780 8790 8800

W1 d ORFlab CACACCATCAAAACT TATAGAGTACACTGACT TTGCAACATCAGCT TGTGI TTTGCTGCTGAATGTACAAT TTT TAAAGATGCT TCTGGTAAGCCAGTACCATATTGI T
Vac ORFlab CACACCATCAAAACT TATAGAGTACACTGACT TTGCAACATCAGCT TGTGI TTTGRCTGCTGAATGTACAAT TTT TAAAGATGCT TCTGGTAAGCCAGTACCATATTGI T
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8810 8820 8830 8840 8850 8860 8870 8880 8890 8900 8910

W d ORFlab ATGATACCAATGIACTAGAAGGT TCTGITGCTTATGAAAGT TTACBIOCTGACACACGT TATGTGCTCATGGATGACTCTATTATTCAAT TTACTAACACCTACCT TGAA
Vac ORFlab ATGATACCAATGTACTAGAAGGT TCTGI TGCTTATGAAAGT TTACBOOCTGACACACGT TATGTGCTCATGEATGACTCTATTATTCAAT TTACTAACACCTACCT TGAA

GETTCTCT TAGNGTGSTANCAACTTTTGAT TCTGAGT ACT GG XA ACT TGT GAANGATCAGMECTGSTGT TTGTGTATCTACTAGTGS AATGIGTACTTAA
8920 8930 8940 8950 8960 8970 8980 8990 9000 9010 9020
W1l d ORFlab GGTCCTGI TAGAGTGETAACAACT TTTGAT TCTGAGT ACTGI G33CAC33CACT TGTGAAAGATCAGAAGCTGGTGI TTGITGTATCTACTAGT GGTAGATG3GTACT TAA

:
%
|
%
a
%
G
-
-
g
%
g
;

CAATGATTAT TACAGATCT TTACAGAGT TTTCTGTGSTGTAGATGCTGTAMATTTACT TACT AATATGI TTACAQCACT AATTCANCCTATTGSTGCT TTGACATAT
9030 9040 9050 9060 9070 9080 9090 9100 9110 9120 9130
W1 d ORFlab CAATGATTATTACAGATCTTTACCAGAGI TTTCTGTGETGTAGATGCTGTAAATTTACT TACTAATATGI TTACACCACTAAT TCAACCTATTGSETGCT TTGSACATAT
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@CI)ATCTATAGTA(IJTGGIGGTAWGTA{IJTATOSTAGIAACATGEITGETACTAI T TATGAGS T IAGMGO(IIIITFF(ETGQATACOGFCATGIFAGIT(IITFI[
9140 9150 9160 9170 9180 9190 9200 9210 9220 9230 9240

W1 d ORFlab CAGCATCTATAGTAGCTGGIGGTATTGTAGCTATGGTAGTAACATAICT TGOCTACTATTTTATGAGGT TTAGAAGAGCT TTTGSTGAATACAGTCATGTAGI TGSCTTT
Vac ORFlab CAGCATCTATAGTAGCTGEIGGTATTGTAGCTATGGTAGTAACATAICT TGOCTACTATTTTATGAGST TTAGAAGAGCT TTTGGTGAATACAGTCATGTAGI TGSCTTT




AATACTT IAICI'ATI'CIIITATGI'CATI'CGCII'GI'ACI'CI'GI T IAACACCAGII'I'I'ACI'CA\TI'ICI'I'ACCI'GSI’GI [1 IATI'CI'C-III'I'ATI'I'ACI'I'IGI'ACIT@CAII [ IATCITAF
9250 9260 9270 9280 9290 9300 9310 9320 9330 9340 9350

W1l d ORFlab AATACTTTACTATTCCTTATGICATTCACTGTACTCIGI TTAACACCAGI TTACTCATTCT TACCTGGIGI TTATTCTGI TATTTACT TGTACT TGACATTTTATCT TAC
Vac ORFlab AATACTTTACTATTCCTTATGICATTCACTGTACTCIGI TTAACACCAGI TTACTCATTCT TACCTGGIGI TTATTCTGI TATTTACT TGTACT TGACATTTTATCTTAC

TAATGATGI T [CITTTI IAQSGCATATI'CIGGI' CISA\TGSI'II' ATGI T CGCG?CITI' AGT ACICITI' CTt CISA\T,IMCQATI'GSI'II' ATATCATITIGI' A'I_ITCIJDCIAAAG)A'I_ITCIT
9360 9370 9380 9390 9400 9410 9420 9430 9440 9450 9460

W1 d ORFlab TAATGATGITTCITTTTTAGCACATAT TCAGTGGATGGI TATGI TCACACCT TTAGTACCT TTCTGGATAACAAT TACT TATATCAT TTGTATTTGCACAAAGCATTTCT
Vac ORFlab TAATGATGITTCITTTTTAGCACATATTCAGIGGATGGI TATGI TCACACCT TTAGTACCT TTCTGGATAACAAT TACT TATATCATTTGTATTTGCACAAAGCATTTCT

ATTGETCT II IAGTAA'ITA(IIITAAAGOGO(IJSTGTA(JIU T [AATGSIGI TTACTT IAGT,IAL,I [T I(AAGIMCIJT(IIIJTIGT@(EI'H'IITGITAAATAIAAGMATGFAT
9470 9480 9490 9500 9510 9520 9530 9540 9550 9560 9570

W1 d ORFlab ATTGGITCITTAGTAATTACCTAAAGAGACGTGTAGTCTTTAATGSIGI TTGCT TTAGTACT TTTGAAGAAGCTGOACTGIGCACCT TTTTGI TAAATAAAGAAATGTAT
Vac ORFlab ATTGGITCITTAGTAATTACCTAAAGAGACGTIGTAGTCTTTAATGSIGI TTACT TTAGTACT TTTGAAGAAGCTGIACTGIGCACCT TTTTGI TAAATAAAGAAATGTAT

CTAAAGIT(IIBTAGTGATGIGJTAWA(EIGTA(IIAATATAATAGAT,?GTA&TCI II IATAATAAGITACMGTAI I.' IAGT(BOCI‘IAAT(IBO\TACAIACFA(IIFACOQ
9580 9590 9600 9610 9620 9630 9640 9650 9660 9670 9680

W1 d ORFlab CTAAAGITGOGTAGIGATGIGCTATTACCTCT TACGCAATATAATAGATACT TAGCTCT TTATAATAAGTACAAGTATT T TAGT GGAGCAATGGATACAACT AGCTACAC
Vac ORFlab CIAAAGITGOGTAGIGATGIGCTATTACCTCT TACGCAATATAATAGATACT TAGCTCT TTATAATAAGTACAAGTATT T TAGT GGAGCAATGGATACAACT AGCTACAC
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9690 9700 9710 9720 9730 9740 9750 9760 9770 9780 9790

W1l d ORFlab AGAAGCTGCTTGI TGICATCTGECAAAGECTCTCAATGACT TCAGTAACTCAGST TCTGATGI TCT T TACCAACCACCACAAACCTCTATCACCTCAGCTGI TTTGCAGA
Vac ORFlab AGAAGCTGCTTGI TGICATCTGECAAAGECTCTCAATGACT TCAGTAACTCAGST TCTGATGI TCT TTACCAACCACCACAAACCTCTATCACCTCAGCTGI TTTGCAGA
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9800 9810 9820 9830 9840 9850 9860 9870 9880 9890 9900

W1 d ORFlab GIGGITTTAGAAAAATGECATTAOCATCTGETAAAGT TGAGSET TGTATGETACAAGTAACT TGTGGTACAACTACACT TAACSSTCT TTGACT TGATGAGGTAGT TTAC
Vac ORFlab GIGGITTTAGAAAAATGECATTAOCATCTGETAAAGT TGAGSET TGTATGGETACAAGTAACT TGTGETACAACTACACT TAAGSGTCT TTGACT TGATGAGGTAGT TTAC

TGI OSMGOQTGT GATCT gI)AOCT CTt GQIAGOCAT(IIIT ,IMOZIIT AA'ITATGMGO\'ITDIACT CATTGAL, ,IMGT CI, AATCIATAA'I'ITCW gEI' ACASTT gEI' AATGI T CIA
9910 9920 9930 9940 9950 9960 9970 9980 9990 10000 10010

W d ORFlab TGIGCAAGACATGIGATCTGCACCTCTGAAGACATGCT TAACOCTAAT TATGAAGAT TTACTCAT TGGTAAGT CTAATCATAAT TTCT TGGTACAGSCTGGTAATGI TCA
Vac ORFlab TGIGCAAGACATGIGATCTGCACCTCTGAAGACATGCT TAACOCTAAT TATGAAGAT TTACTCAT TAGTAAGI CTAATCATAAT TTCT TGGTACAGSCTGGTAATGI TCA
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CITTT ICAC%TGWACEFTC%WACQATCEI'ITCACDATCTGISTGI [ IA@ATJ@TAT@WATU@CTAﬁM@W@ﬁ@MT@W@TGF&EFAGI
10130 10140 10150 10160 10170 10180 10190 10200 10210 10220 10230

ORFlab CITTTTCAGIGI TAGCTTGI TACAATGST TCACCATCTGETGI TTACCAATGI GCTATGAGEIOCAAT TTCACTAT TAAGSGT TCATTACT TAATGST TCATGIGGTAGT
ORFlab CITTTTCAGIGI TAGCTTGI TACAATGST TCACCATCTGETGI TTACCAATGI GCTATGAGEIOCAAT TTCACTATTAAGSGT TCATTACT TAATGST TCATGIGGTAGT

GITGSEITT I@ACATAGA'ITATGOLI(JI GICTCTTTTTG IIA()AT(IJA(DIATATGSQA'ITMCT (BOIGIT CATCCT WWWAT@(ZIC
10240 10250 10260 10270 10280 10290 10300 10310 10320 10330 10340

ORFlab GITGGITTTAACATAGATTATGACTGIGICTCT TTTTGI TACATGCACCATATGGAAT TACCAACTGGAGT TCATGCTGECACAGACT TAGAAGGTAACT TTTATGGACC
ORFlab GITGGITTTAACATAGATTATGACTGIGICTCT TTTTGI TACATGCACCATATGGAAT TACCAACTGGAGT TCATGCTGECACAGACT TAGAAGGTAACT TTTATGEAC
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TGO\TGI'I'GI'II'AGOCQAT(IJITCACETGI'I'ACI [T I@MGI@GTGQAA?GM@AT@?GBTA@@@CT@TGIITACT@@AII [TTGACT |L,|0u [TTAGI T
10680 10690 10700 10710 10720 10730 10740 10750 10760 10770 10780

ORFlab TGATGI TGI TAGACAATGCTCAGGTGI TACT TTCCAAAGT GCAGT GAAAAGAACAATCAAGSGTACACACCACTGET TGT TACTCACAAT TTTGACT TCACT TTTAGI TT
ORFlab TGATGI TGI TAGACAATGCTCAGGTGI TACT TTCCAAAGT GCAGT GAAAAGAACAATCAAGSGTACACACCACTGET TG TACTCACAAT TTTGACT TCACT TTTAGI TT




TAGI'CDGGAQTACI'CQATG;SI'CI [ IGITCII [TTTTTTT IATGQAAATGZCI [TTTTACCI T ICEI'ATCHISI'ATI'ATI'CL'II'ATGI'CI'CEI I IG)AATC:‘A'II'GI [ IGI'CAAIA
10790 10800 10810 10820 10830 10840 10850 10860 10870 10880 10890

W1l d ORFlab TAGICCAGAGTACTCAATGGICTTTGITCTTTTTTTTTTATGAAAATGOCTTTTTACCT TTTGCTATG3GTAT TATTGCTATGICTGCTTTTGCAATGATGT TTGTCAAA
Vac ORFlab TAGICCAGAGTACTCAATGSICTTTGITCTITTTTTTTGIATGAAAAAGTCTTTTTACCT TTTGCTATG3GAT TATTGCTATGICTGCTTTTGCAATGATGT TTGTCAAA

CA\TAAGSA\TIGSA\TI'I'CI'CI'GI [TTGITTT IIGITACIII'I'CI'ICI'I'C{DGCI'C%TAC{IITAI [ IIIAATATCETC{TATATC{CTGFTAGWGISTICATGGFATFAT@CATG;W
10900 10910 10920 10930 10940 10950 10960 10970 10980 10990 11000

W1l d ORFlab CATAAGCATGCATTTCICIGITIGI TTTTGI TAGCT TCTCT TGOCACTGTAGCT TATTTTAATATGETCTATATGOCTGCTAGT TG3ETGATGIGTAT TATGACATGST T
Vac ORFlab CATAAGCATGCATTTCICIGITTGITTTTGI TACCTTCTCT TAOCACTGTAGCT TATTTTAATATGETCTATATGOCTGCTAGI TG3GTGATGIGTATTATGACATGST T

(EATATGST@AT@CTA(JI TTGICTGSTTT IAA(IJTAAAIAGOCT Gl GITATGTAT(I)ATICA(IJT GIAGT IGI'I'ACTAATOI'JI'I'ATGOCACIIJQAGQACI' GIt GFATGO\TGO\TF
11010 11020 11030 11040 11050 11060 11070 11080 11090 11100 11110

W1 d ORFlab GGATATGGTAATCACTAGI TTGICTGSITTTAAGCTAAAACGACTGIGT TATGTATGCATCAGCTGTAGIGI TACTAATCCT TATGACAGCAAGAACTGTGTATGATGATC
Vac ORFlab GGATATGGETAATCACTAGI TTGICTGSITTTAAGCTAAAAGACTGIGT TATGTATGCATCAGCTGTAGIGI TACTAATCCT TATGACAGCAAGAACTGTGTATGATGATC

GI&CTL AGSOIGOGT Gl (EOCIACTI' ATGQATIGT CIT GOCAL,II GGIT IATAAIA(JI [ IA'I'I'AT?ST AAT(IIITII' AGO\TWCDISATIT(IATGII' G3XCTCTT. A'II'AATCI' CIt GI'IF
11120 11130 11140 11150 11160 11170 11180 11190 11200 11210 11220

W d ORFlab GIGCTAGGAGAGIGIGGACACT TATGAATGICT TGACACTGGT TTATAAAGT TTATTATGGTAATGCT TTAGATCAAGCCATTTACATGIG33CTCT TATAATCICIGI T
Vac ORFlab GIGCTAGGAGAGIGIGGACACT TATGAATGICT TGACACTGGT TTATAAAGT TTATTATGGTAATGCT TTAGATCAAGTCATTTACATGIG3ACTCT TATAATCICIGI T

ACTTCTAACT ACTCAGGTGT AGT TACAACTGT CATGT TT TTA3XAGAGSTAT TG TTT TATGIGT G TGAGT ATTGIICTATTTTCT TCATAACTGSTAATACACTTCA
11230 11240 11250 11260 11270 11280 11290 11300 11310 11320 11330
W1 d ORFlab ACTTCTAACTACTCAGGTGIAGI TACAACTGICATGI TTTTG3OCAGAGSTATTGI TTTTATGIGIGI TGAGTAT TG3CCTATTTTCT TCATAACTGGTAATACACT TCA
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GTGTATAAT?IJTA(JI [TAT TGITTCI IAGTIJTAI 1T IG]'ACITGITAL,II TAIXCTCITTTGI IACTICMOIIIJTACII [ IAGOCTGOQ'CTI'GGI'GI II IATGO\TI'ACIT
11340 11350 11360 11370 11380 11390 11400 11410 11420 11430 11440

W1 d ORFlab GIGTATAATGCTAGITTATTGITTCTTAGTATTTTTGTACTTGI TACT TTG3OCTCI TT TG TTACTCAACOSCTACT TTAGACTGACTCT TGETGI TTATGATTACT
Vac ORFlab GIGIATAATETAGITTATTGITTICTTAGTATTTITTIGIACTTGI TACTTTG3OCTCITT TG TTACTCAACOSCTACT TTAGACTGACTCT TGSETGI TTATGATTACT
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11450 11460 11470 11480 11490 11500 11510 11520 11530 11540 11550

W1 d ORFlab TAGITTCTACACAGEAGT TTAGATATATGAAT TCACAGIGACTACTGOCACCCAAGAATAGCATAGATGOCT TCAAACTCAACAT TAAAT TGI TG3GTGI TGGTG3CAAA
Vac ORFlab TAGITTCTACACAGEAGT TTAGATATATGAAT TCACAGIGACT ACTOOCACCCAAGAATAGCATAGATGOCT TCAAACTCAACAT TAAAT TGI TG3GTGI TGGTG3CAAA
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W1l d ORFlab GIG3ECTCAATGIGICCAGT TACACAATGACAT TCTCT TAGCTAAAGATACT ACTGAAGTCT TTGAAAAAATGST TTCACTACT TTCTGI TTTGCT TTGCATGCAGSET C
Vac ORFlab GIG33CTCAATGIGICCAGT TACACAATGACAT TCTCT TAGCTAAAGATACT ACTGAAGTCT TTGAAAAAATGST TTCACTACTTTCTGI TTTGCT TTGCATGCAGSETIC
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W1 d ORFlab CAAGAAGCTTATGAGCAGECTGI TACTAATGGTGATTCTGAAGT TGT TCT TAAAAAGT TGAAGAAGT CT TTGAATGT GBCTAAATCTGAAT T TGACOGTGATGCAGTCAT
Vac ORFlab CAAGAAGCTTATGAGCAGECTGI TACTAATGGETGATTCTGAAGT TGT TCT TAAAAAGT TGAAGAAGT CT TTGAATGT GBCTAAATCTGAAT T TGACOGTGATGCAGTCAT

GCAACGT AAGIT CISQAAAGA\TCII:I' GA\TCMG:I' ATGACCCQAATGI' ATAAACACIIII' AGA\TCI' GGCISGCMGACHIAAAAGIT ACT, AGI' QT ATG)DGACAATGTITT
12000 12010 12020 12030 12040 12050 12060 12070 12080 12090 12100

W1 d ORFlab GCAAGGTAAGT TGGAAAAGATGECTGATCAAGCTATGACOCAAATGTATAAACAGECTAGAT CTGAGGACAAGAGEICAAAAGT TACTAGTGCTATGCAGACAATACTTT
Vac ORFlab GCAAGCGTAAGT TGGAAAAGATGECTGATCAAGCTATGACOCAAATGTATAAACAGECTAGAT CTGAGGACAAGAGEICAAAAGT TACTAGTGCTATGCAGACAATACTTT
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12110 12120 12130 12140 12150 12160 12170 12180 12190 12200 12210

W1 d ORFlab TCACTATGCTTAGAAAGT TGGATAATGATGCACTCAACAACAT TATCAACAATGCAAGAGATGST TGTGI TAOCT TGAACATAATACCTCT TACAACAGCAGOCAAACTA
Vac ORFlab TCACTATGCT TAGAAAGT TGGATAATGATGCACTCAACAACAT TATCAACAATGCAAGAGATGGT TGTGI TAOCT TGAACATAATACCTCT TACAACAGCAGICAAACTA

ATGET TG CIA\TAOSAGOCT ATAA@CATATAAAAATAOS]’ GIGATGSTL A@ACA'ITI’ACIIT AT(I)ATCAEIWITGT (IEIQAATW(II;IT Gl AGO\TQSOGO\TAGI' AIA
12220 12230 12240 12250 12260 12270 12280 12290 12300 12310 12320

W d ORFlab ATGGITGICATACCAGACTATAACACATATAAAAATACGT GIGATGGETACAACAT T TACT TATGCATCAGCAT TGT GEGAAATCCAACAGGT TGTAGATGCAGATAGTAA
Vac ORFlab ATGGITGICATACCAGACTATAACACATATAAAAATACGT GIGATGGET ACAACAT TTACT TATGCATCAGCAT TGT GEGAAATCCAACAGGT TGTAGATGCAGATAGTAA




AATTGITH CQIACIT AGT GQAIATI'AGI' ATCISIACQATI'CGCCII' AATITAGSATCIIIII’ CIT. ATI'GI' AACGGL'II'IT AAGE(IIJIAATI'CI' GCT GII' GAAATI'ACD(IEAATAAT@GIC
12330 12340 12350 12360 12370 12380 12390 12400 12410 12420 12430

W1 d ORFlab AATTGI TCAACT TAGTGAAAT TAGTATGGACAAT TCACCTAAT T TAGCATGEICTCT TATTGTAACAGCT TTAAGE3ICAAT TCTGCTGI CAAAT TACAGAATAATGARC
Vac ORFlab AATTGITCAACT TAGTGAAATTAGTATGGACAAT TCACCTAAT TTAGCATGEICTCT TAT TGTAACAGCT TTAAGEICAAT TCTGCTGI CAAAT TACAGAATAATGARC
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W1 d ORFlab GIACTTGCACTGI TATGOGATTTACAGGAT T TGAAATGEECTAGAT TAOCTAAGAGT GATGAACTGGTACTATCTATACAGAACTGAACCACCT TGTAGGT TTGI TAC
Vac ORFlab GIACTTGCACTGITATGOGATTTACAGGAT T TGAAATGEECTAGAT TAOCTAAGAGT GATGAACTGGTACTATCTATACAGAACTGEAACCACCT TGTAGGT TTGI TAC
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W1 d ORFlab ATCACTAATTGOGT TAAGATGT TGTGTACACACACT GETACTGETCAGECAATAACAGT TACACCGEGAAGICAATATGCATCAAGPATCCT TTGGTGETBCATGGTGI TC
Vac ORFlab ATCACTAATTGIGI TAAGATGT TGTGTACACACACT GETACTGETCAGECAATAACAGT TACACCSEGAAGICAATATGCATCAAGPATCCT TTGGTGETBCATGGTGI TC

TCTGTACT(IIDSIT(IDACIATAGATCAT@AATOCTAAINIBAI [T IGT@GTAMA@TMGTATGT@MTA&TMGT@MT@GI;FGFW@
12990 13000 13010 13020 13030 13040 13050 13060 13070 13080 13090

W d ORFlab TCTGIACTGIOGI TAOCACATAGATCATCCAAATCCTAAAGEAT TT TGTGACT TAAAAGGT AAGTATGI GCAAATACCTACAACT TGTGCTAATGAOCCTGTG3GT TTTA
Vac ORFlab TCITGIACTGIOGT TAOCACATAGATCATCCAAATCCTAAAGEAT TT TGTGACT TAAAAGGT AAGTATGTACAAATACCTACAACT TGITGCTAATGAOCCTGTG3GT TTTA
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13100 13110 13120 13130 13140 13150 13160 13170 13180 13190 13200

W1 d ORFlab CACTTAAAAACACAGICTGTACOGTCTGIEETATGI GGAAAGET TATGRCTGTAGT TGTGATCAACTGOE3GAACCCATGCT TCAGTCAGCTGATGCACAATGGT TTTTA
Vac ORFlab CACTTAAAAACACAGICTGTACOGTICTGIEETATGIGGAAAGET TATGRCTGTAGT TGTGATCAACTGOEGAACCCATGCT TCAGTCAGCTGATGCACAATGGT TTTTA
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ATGMGQAA@A'ITI’ATAA'IITI'ACIT AACIBO\TI'GT OSACIIJT GIT&CTL AAIACATGOL,I TCTT TAAGTT IAIGQATAGO(IBSIT GACATGSTL A(IZOACATATAT@CGI' CMCGIT
13430 13440 13450 13460 13470 13480 13490 13500 13510 13520 13530

W1 d ORFlab ATGAAGAAACAATTTATAATTTACT TAAGGATTGICCAGCTGI TGCTAAACATGACT TCTTTAAGT TTAGAATAGACGGT GACATGGT ACCACATATATCAGGTCAACGT
Vac ORFlab ATGAAGAAACAATTTATAATTTACT TAAGGATTGICCAGCTGI TACTAAACATGACT TCTTTAAGT TTAGAATAGACGGT GACATGGT ACCACATATATCAGGTCAACGT
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13540 13550 13560 13570 13580 13590 13600 13610 13620 13630 13640

W1 d ORFlab CITACTAAATACACAATGECAGACCTGGTCTATGCT TTAAGSCAT T TTGATGAAGGTAAT TGTGACACAT TAAAAGAAATACT TGTCACATACAAT TGT TGTGATGATGA
Vac ORFlab CITACTAAATACACAATGECAGACCTGGICTATGCT TTAAGECAT TTTGATGAAGGTAAT TGTGACACAT TAAAAGAAATACT TGTCACATACAAT TGT TGTGATGATGA
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13650 13660 13670 13680 13690 13700 13710 13720 13730 13740 13750

W1 d ORFlab TTATTTCAATAAAAAGGACTGGTATGATTTTGTAGAAAACCCAGATATAT TACAOGTATACEICAACT TAGGTGAACGTGTACBICAAGCT TTGT TAAAAACAGTACAAT
Vac ORFlab TTATTTCAATAAAAAGGACTGGTATGATTTTGTAGAAAACCCAGATATAT TACAOGTATACEOCAACT TAGGTGAACGTGTACBICAAGCT TTGT TAAAAACAGTACAAT

TCIGI GAT(IIIAT(DSQAA'II'(IJT GG A'I'I'IGI'I' [cEi[el) ACIT GOCA'ITAGATAATWGATICT CAATGS, AIACT GG ATGA'IITI'(IBST GO\'I'IITOATACAAA(IIJO(IIIJO(ISIT
13760 13770 13780 13790 13800 13810 13820 13830 13840 13850 13860
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13870 13880 13890 13900 13910 13920 13930 13940 13950 13960 13970

W1l d ORFlab AGTGGAGITCCTGI TGTAGATTCTTATTATTCATTGI TAATGOCTATAT TAACCT TGACCAGEECT T TAACTGCAGAGTCACATGI TGACACTGACT TAACAAAGCT TA
Vac ORFlab AGIGAGITACTGITGTAGATTCTTATTATTCATTGI TAATGOCTATAT TAACCT TGACCAGEECT TTAACTGCAGAGT CACATGI TGACACTGACT TAACAAAGCT TA

%
:
|
:
§
;
%
]
:
§
=
:

13980 13990 14000 14010 14020 14030 14040 14050 14060 14070 14080

W1 d ORFlab CATTAAGIG3GATTTGI TAAAATATGACT TCACBEAAGAGAGST TAAAACTCT TTGACOGT TAT T TTAAATAT TG3GATCAGACATACCACCCAAATTGIGT TAACTGI T
Vac ORFlab CATTAAGIG3GATTTGI TAAAATATGACT TCACBCAAGAGAGET TAAAACTCT TTGACOGT TAT TT TAAATAT TG3GATCAGACATACCACCCAAATTGIGT TAACTGI T
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14090 14100 14110 14120 14130 14140 14150 14160 14170 14180 14190

W1 d ORFlab TGGATGACAGATGCATTCTGCATTGTGCAAACT TTAATGI TTTATTCTCTACAGIGI TGSCACCTACAAGT TTTGGACCACTAGTGAGAAAAATAT TTGI TGATGGTGI T
Vac ORFlab TGGATGACAGATGCATTCTGCATTGTGCAAACT TTAATGI TTTATTCTCTACAGIGI TGOCACCTACAAGT TTTGGACCACTAGTGAGAAAAATATTTGI TGATGGTGI T
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14200 14210 14220 14230 14240 14250 14260 14270 14280 14290 14300

W1 d ORFlab CCATTTGIAGI TTCAACTGGATACCACT TCAGAGAGCTAGGI GI TGTACATAATCAGGATGT AAACT TACATAGCTCTAGACT TAGT TTTAAGGAATTACT TGIGTATGC
Vac ORFlab CCATTTGIAGI TTCAACTGGATACCACT TCAGAGAGCTAGGI G TGTACATAATCAGGATGT AAACT TACATAGCTCTAGACT TAGT TTTAAGGAATTACT TGIGTATGC
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14310 14320 14330 14340 14350 14360 14370 14380 14390 14400 14410
W1 d ORFlab TGCTGACOCTGCTATGOACGSTGCTTCTGGTAATCTATTACT AGAT AMACGCACTACGTGCT TTTCAGTAGCTGCACT TACTAACAATGT TACTTTTCAAACTGTCAAAC
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GO3GTAGT I.I IAACQAAGOQITCTATGOL,II [ I(LI(JI(JI%IAAG&JI TTCTT IAAGSMQSMGITCTGIITGQA'ITAAAIA@U TCTTCTT IG,ILA(IB?\T(IEI'AATGCIT
14420 14430 14440 14450 14460 14470 14480 14490 14500 14510 14520

W1 d ORFlab GOGGTAGITTTAACAAAGACT TCTATGACT TTGCTGTGICTAAGSST TTCT TTAAGGAAGCAAGT TCTGT TGAAT TAAAACACT TCT TCT TTGCTCAGGATGGTAATACT
Vac ORFlab QGOGGTAATTTTAACAAAGACTTCTATGACT TTGCTGIGICTAAGSST TTCT TTAAGEAAGEAAGT TCTGT TGAAT TAAAACACT TCT TCT TTGCTCAGGATGGTAATACT

G&CTL ATCACDIZSO\'ITATGOCT ,IACT ATGETT, A'II'AATCT AOSQIACQATGT Gl GIO\TATCAGOCAIACT ACT, A'ITI'IGT AGIT GMGIIT G GATAA{EI' ACTTT GO\TII'GIT ACGAT(%
14530 14540 14550 14560 14570 14580 14590 14600 14610 14620 14630

W1 d ORFlab GCTATCAGIGATTATGACTACTATGGT TATAATCTACCAACAATGI GTGATATCAGACAACTACTATTTGTAGT TGAAGT TGT TGATAAGTACT TTGATTGT TAGGATGC
Vac ORFlab GCTATCAGIGATTATGACTACTATGGT TATAATCTACCAACAATGI GTGATATCAGACAACTACTATTTGTAGT TGAAGT TGT TGATAAGTACT TTGATTGT TAGGATGC




jleesi[C) ATII'AATGSI' AACICMGI' CA\TCG;I' CAACAACCT, ,IAGACQAATCGQSI' GEITT ICICATITAATAAIATCIIISI' AACIIIII' AGACTTT, ,IATI'ATC:‘ATI'CIAAT@GIT ATF
14640 14650 14660 14670 14680 14690 14700 14710 14720 14730 14740

W1 d ORFlab TGECTGTATTAATGCTAACCAAGTCATGGTCAACAACCTAGACAAATCAGCTGST TTTGCAT TTAATAAATGAEET AACGECTAGACT TTATTATGATTCAATGAGT TATC
Vac ORFlab TG3CTGIATTAATGCTAACCAAGTCATCGTCAACAACCTAGACAAATCAGCTGET TTTACAT TTAATAAATGAEGT AAGECTAGACT TTATTATGATTCAATGAGT TATC

ACISATCMGIATGSGCITIT ICGZJA\TATACQIAAACGI' AATGII' CATGCT. ACII' ATAACT CQAIATGQATCIT AIAGI' ATG:CATII'AGI' GSQAAGIAATAGAGTI' CIHZDCCGI' AG?IT
14750 14760 14770 14780 14790 14800 14810 14820 14830 14840 14850

W1 d ORFlab AGGATCAAGATGCACTTTTGECATATACAAAACGTAATGICATGOCTACTATAACTCAAATGAATCT TAAGT ATGOCAT TAGTGCAAAGAATAGAGCTCECACOGTAGCT
Vac ORFlab AGGATCAAGATGCACT TTTGECATATACAAAACGTAATGTCATAOCTACTATAACTCAAATGAATCT TAAGT ATGOCAT TAGTGCAAAGAATAGAGCTCRCACOGTAGCT

GGIGICICI, ,IA\TCT GIAGL A?T ATGOOSQA'II'AGOCAGITI' IOA\TOQAAAA'I'II'A'I'I'GQAATCIQATA(IIIII)IACT AGOCBO(IIJT ACTGTAG ,IAATI'(IBMCAIA(IJAAATI'CI' '.A
14860 14870 14880 14890 14900 14910 14920 14930 14940 14950 14960

W1 d ORFlab GGTGICTCTATCTGIAGTACTATGACCAATAGACAGT TTCATCAAAAAT TAT TGAAATCAATAGIOCOCACT AGAGGACCTACTGTAGTAAT TGGAACAAGCAAAT TCTA
Vac ORFlab GGIGICTCTATCTGIAGTACTATGACCAATAGACAGT TTCATCAAAAAT TAT TGAAATCAATAGIOCOCACT AGAGGACCTACTGTAGTAAT TGGAACAAGCAAATTCTA

TGETGGITH (IIIDACMCATGIIT AAAAACT G.' [TATAGT GO\'II'GT AGQAAAOIIIIT CACCTT, A'II'(IBSIT CIISO\'IITATOCT AAA'II'GT GO\TAGO(IIZCAT(IICI' AA(IJATGCIT AGQIA
14970 14980 14990 15000 15010 15020 15030 15040 15050 15060 15070

W d ORFlab TGGIGGT TG3CACAACATGI TAAAAACTGI TTATAGTGATGT AGAAAACCCTCACCT TATGSGET TG3GATTATGCTAAATGT GATAGAGICATGICTAACATGCT TAGAA
Vac ORFlab TGGIGGT TG3CACAACATGI TAAAAACTGI TTATAGTGATGTAGAAAACCCTCACCT TATGSGT TG3GATTATGCTAAATGT GATAGAGICATGICTAACATGCTTAGAA

TTATGIXCTCACTTGI TCT TACTAIAANCATACANTGT G TGT AGCT TGTGACACOGT TTCTATAGAT TAGCTAATGAST GTGCTCANST ATTGAGTGAAATGTCATC
15080 15090 15100 15110 15120 15130 15140 15150 15160 15170 15180
W1l d ORFlab TTATG3OCTCACTTGI TCT TGCTGECAAACATACAACGTIGI TGTAGCT TGTCACACTGT TTCTATAGAT TAGCTAATGAGT GTGCTCAAGT AT TGAGTGAAATGGTCATC
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TGTGIIST TCACTATATGT TAMOCANS ST GANICTCATCAGAGATAIACAACTACTTATGCTAATAGTGT TTTTAACAT TTGTCANGCTGTCACSIIAATGT TAA
15190 15200 15210 15220 15230 15240 15250 15260 15270 15280 15290
W1 d ORFlab TGIG3O3GI TCACTATATGI TAAACCAGGT GGAACCTCATCAGGAGATGOCACAACTGCT TATGCTAATAGTGI TTTTAACAT T TGTCAAGCTGTCACB3CAATGI TAA
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TGACACTTTT, ,IA\TCT ACTH GO\TQST AACQAAA'IITCIDSATAAIGT ATGT (III)IQA'I'I'I'ACMCIA@GOCITI' A'II'GOGT GICTt CIT ATAGQAATA@GO\TGIT GO(IJOCOGOCTIT IC
15300 15310 15320 15330 15340 15350 15360 15370 15380 15390 15400

W1 d ORFlab TGCACTTTTATCTACTGATGGTAACAAAAT TGOCGATAAGT ATGTCOBCAAT TTACAACACAGACT TTATGAGT GI CTCTATAGAAATAGAGATGI TGACACAGACTTTC
Vac ORFlab TGCACTTTTATCTACTGATGGTAACAAAAT TGOCGATAAGTATGTCOBCAAT TTACAACACAGACT TTATGAGI GI CTCTATAGAAATAGAGATGI TGACACAGACTTTC




TGAATGAGI'IITI' ACGSA\TATITGZGI' AAAQA\TITCI' CQATGA\TGATACI' ICI' CTt GACGA\TIGSI' GITGEGr GI [1 ICQATAGISACIT ATGSAIII'CI' CAAGGT CII' AGIGCT, AGIC
15410 15420 15430 15440 15450 15460 15470 15480 15490 15500 15510

W1 d ORFlab TGAATGAGITTTACSCATATTTGOGTAAACAT T TCTCAATGATGATACTCTCTGACGATGCTACTGIGIGI TTCAATAGCACT TATGCATCTCAAGGT CTAGTGECTARC
Vac ORFlab TGAATGAGITTTAGECATATTTGOGTAAACATTTCTCAATGATGATACTCTCTGACCATACTGI TGIGIGI TTCAATAGCACT TATGCATCTCAAGGTCTAGTGECTAR
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15520 15530 15540 15550 15560 15570 15580 15590 15600 15610 15620

W1 d ORFlab ATAAAGAACTTTAAGICAGI TCTTTATTATCAAAACAATGI TTTTATGICTGAAGCAAAATGI TGGACTGAGACTGACCT TACTAAAGGACCTCATGAAT TTTACTCTCA
Vac ORFlab ATAAAGAACTTTAAGICAGITCTTTATTATCAAAACAATGI TTTTATGICTGAAGCAAAATGI TGACTGAGACTGACCT TACTAAAGGACCTCATGAAT TTTACTCTCA

ACA\TACQATgIJT AGTT, AAA@GGST GO\TGIO\TI'ATGT Gl A(IITI' QCTT, AOIZI)AGO\TOSATICMGQATOCT ,IAGG’IIIIIIJIT GT1Td, AGIO\TGO\TATCGI' ,IAAAAACOGO\TIC
15630 15640 15650 15660 15670 15680 15690 15700 15710 15720 15730

W1 d ORFlab ACATACAATGCTAGI TAAACAGSGTGATGAT TATGIGTACCT TACT TACOCAGATCGCATCAAGAATCCTAGE330C33CTGI TTTGTAGATGATATGGTAAAAACAGATC
Vac ORFlab ACATACAATGCTAGI TAAACAGSGTGATGAT TATGIGTACCT TACT TACOCAGATCGCATCAAGAATCCTAGE3E0C33CTGI TTTGTAGATGATATGGTAAAAACAGATC

GTA@C]TA'II'GA'ITGM(IIEITOSTGTCI II IACIJTATAG?\T(IIITA(ID?C]TACTAAAQATOCTAATC?@GTAT@IGNHU [ IILAI I I(:IAC]TACAATACAT,IA
15740 15750 15760 15770 15780 15790 15800 15810 15820 15830 15840

W1 d ORFlab GIACACTTATGATTGAAGGST TAGTGICT TTAGCTATAGATGCT TACCCACT TACTAAACATCCTAATCAGCAGTATGCTGATGICT TTCATTTGTACT TACAATACATA
Vac ORFlab GIACACTTATGATTGAAGGST TAGTGICT TTAGCTATAGATGCT TACCCACT TACTAAACATCCTAATCAGCAGTATGCTGATGICT TTCATTTGTACT TACAATACATA
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15850 15860 15870 15880 15890 15900 15910 15920 15930 15940 15950

W1 d ORFlab AGAAAGCTACATGATGAGT TAACAGGACACATGI TAGACATGTATTCTGI TATGCT TACTAATGATAACACT TCAAGGTAT TG3GAACCTGAGT TTTATGAGECTATGTA
Vac ORFlab AGAAAGCTACATGATGAGT TAACAGGACACATGI TAGACATGTATTCTGI TATGCT TACTAATGATAACACT TCAAGGTAT TGEAACCTGAGT TTTATGAGECTATGTA

CACACOATACAGT CTTACAGSCTGI TASICTTGTGT TCTTTGAAT TCACAGACT TCAT TAAGATGTGETGCTTAUATACGT AGNICATTCTTATGT TGTAAATGCT
15960 15970 15980 15990 16000 16010 16020 16030 16040 16050 16060
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[CHY AOSOOSIATGT CA\TATCIMCAT@(ATAAA'ITAGT CTII' GICIGT, AA'II'OZ)ST ATGT II GCAATECT OISAGSIT Gl GO\'II'GT CACAGO\TQI' GACTH OMCIITI' ACTT, AGSIO
16070 16080 16090 16100 16110 16120 16130 16140 16150 16160 16170

W d ORFlab GITACGACCATGICATATCAACATCACATAAATTAGTCT TGICTGI TAATGOGTATGI TTACAATGCTCCAGET TGTGATGT CACAGATGTGACTCAACT TTACT TAGGA
Vac ORFlab GITACGACCATGICATATCAACATCACATAAATTAGTCT TGICTGI TAATGOGTATGI TTACAATGCTCCAGET TGTGATGT CACAGATGTGACTCAACT TTACT TAGGA




WIld ORFlab
Vac ORFlab

WIld ORFlab
Vac ORFlab

W1 d ORFlab
Vac ORFlab

W1 d ORFlab
Vac ORFlab

WIld ORFlab
Vac ORFlab

W1 d ORFlab
Vac ORFlab

W1 d ORFlab
Vac ORFlab

GGl AT@CL'II' ATTATTGI AIAATCGCA\TAAIGCDGCCDATTAGI 1T ICCA\TII'GI' GIA&CT, AATCISGCMGI'ITIT Q&I TT, AT,IA\TAAAAATACIATGI' GGGl ,IBGZGATAATGI[
16180 16190 16200 16210 16220 16230 16240 16250 16260 16270 16280

GGTATGAGCTAT TATTGTAAATCACATAAACCACOCATTAGT TTTACATTGTGITGCTAATGACAAGT TTTTGST TTATATAAAAATACATGI GT TGGTAGTGATAATGT
GETATGAGCTAT TATTGTAAATCACATAAACCACOCATTAGT TTTACATTGIGIGCTAATGACAAGT TTTTGST TTATATAAAAATACATGI GT TGGTACTGATAATGT

I
TACTGACT TTAATGOAAT TAOAACATGT GACTGEACAMATGITGET GAT TACAT T T TAGCTAACACCTGTACT GAMGACTCAAGCT T TTTGOAGCAGAMAOGECTCAMG
16290 16300 16310 16320 16330 16340 16350 16360 16370 16380 16390
TACTGACTTTAATGOAAT TGOAACATGTGACTGEACAMATGCTGET GAT TACAT TTTAGCTAACACCTGTACT GAMGACTCAAGCTTTTTGOAGCAGAACGECTCAAC
TACTGACTTTAATGOAAT TGOAACATGTGACTGACAMATGCTGET GAT TACATTTTAGCTAACACCTGTACT GAMGACTCAAGCTTTTTGOAGCAGAACGECTOAMAC
1
CTACTGAGGAGACAT TTAAACTGTCT TATGGTAT TGCT ACTGTACGT GAAGT GCTGTCTGACAGAGAAT TACATCT TTCATGRGAAGT TGGTAMCOCTAGACCACCACT T
16400 16410 16420 16430 16440 16450 16460 16470 16480 16490 16500
CTACTGAGGAGACAT TTAAACTGTCTTATGSTATTGTACTGT ACGT GAAGT GCTGTCTGACAGAGAAT TACATCT T TCATGRGAAGT TGETAMCCTAGACCACCACTT
CTACTGAGGAGACAT TTAAACTGTCTTATGGTATTGCTACTGT ACGT GAAGT GCTGT CTGACAGAGAAT TACATCT T TCATGRGAAGT TGETAMCOCTAGACCACCACT T
I
ANCCGAAATTATGTCTTTACTGGT TATGGTGIAACTAAAAACAGTAAMGT ACAMAT AGGAGAGT ACACCT TTGAAAAAGST GACTATGETGATGCTGI TG TTAQIGAGS
16510 16520 16530 16540 16550 16560 16570 16580 16590 16600 16610
AACCGAAATTATGTCTTTACTGST TATGGTGTAACTAAAAACAGT AMGT ACAAT AGGAGAGT ACACCT TTGAAAAGST GACTATGST GATGCTGI TG TTACIGAGS

AACCGAAATTATGICTTTACTGGI TATGET GTAACT AAAAACAGT AAAGT ACAAAT AGGAGAGT ACACCT TTGAAAAAGGT GACTATGGT GATACT G TG TTACOGA:
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16620 16630 16640 16650 16660 16670 16680 16690 16700 16710 16720

TACAACAACT TACAAATTAAATGT TGGTGATTATTT TGT GCTGACATCACATACAGT AATGICAT TAAGT GCACCT ACACT AGT GOCACAAGACCACTATGI TAGAAT TA
TACAACAACT TACAAATTAAATGT TGGTGATTATTT TGTGCTGACATCACATACAGT AATGICAT TAAGT GCACCT ACACT AGT GOCACAAGACCACTATGI TAGAAT TA
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16730 16740 16750 16760 16770 16780 16790 16800 16810 16820 16830
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(ETAAGOGTICAI [T I(IJTA'IIT(IIIITACIJ]'CTCTACTAOIZITITCT@T@TA@JATA@@T@IU@TW@T@T@CFATGFWWW
16840 16850 16860 16870 16880 16890 16900 16910 16920 16930 16940

GGTAAGAGTCATTTTGCTAT TA3ACTAGCTCTCTACT ACCCT TCTGCTG3CATAGI GTATACAGCT TACTCTCATGIOACTGI TGATGCACTATGIGAGRAGECAT TAAA
GGTAAGAGTCATTTTGCTAT TAEACTAGCTCTCTACT ACCCT TCTGCTG3CATAGI GTATACAGCT TACTCTCATGIOACTGI TGATGCACTATGIGAGAAGCAT TAAA




ATATITGZCII' ATAGATAAATGI’ AGIL AGQATI'ATACCI’ GSIGCGI' [€i[CCI[ IGI' AGAGIE I IGA\TAAATI'ICQAAGI' GQAWCMCA\TI'AGIMCDGI' ATGIt CI [TTTGTACT IC
16950 16960 16970 16980 16990 17000 17010 17020 17030 17040 17050

W1 d ORFlab ATATTTGOCTATAGATAAATGTAGIAGAAT TATACCTGCACGTIGCTCGTGTAGAGTGI TTTGATAAAT TCAAAGTGAAT TCAACAT TAGRACAGTATGICTTTTGTACTC
Vac ORFlab ATATTTGOCTATAGATAAATGTAGTAGAAT TATACCTGCACGIGCTCGTGTAGAGT GI TTTGATAAAT TCAAAGTGAAT TCAACATTAGAACAGTATGICT TTTGTACTC

TAAATCDATII'G:CI' @@@@@GATATAGIT GICI T IGA\TGQAAWCQATCHD?CQAATTATGIATIT@GT GI'II' Gl CQATG:DIBGATI'A(I;I' GITI' AAGCACT, Al
17060 17070 17080 17090 17100 17110 17120 17130 17140 17150 17160

W1 d ORFlab TAAATGCATTGOCTGAGACGACAGCAGATATAGT TGTCT TTGATGAAAT T TCAATGEOCACAAAT TATGAT TTGAGI GT TGTCAATGOCAGAT TAGGTGCTAAGCACTAT
Vac ORFlab TAAATGCATTGOCTGAGACGACACRCAGATATAGT TGICT TTGATGAAAT TTCAATGEOCACAAAT TATGAT T TGAGI GT TGTCAATGOCAGAT TAGGTGCTAAGCACTAT
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17170 17180 17190 17200 17210 17220 17230 17240 17250 17260 17270
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17280 17290 17300 17310 17320 17330 17340 17350 17360 17370 17380

W1 d ORFlab TGOCAGACATGI TOCTCEGAACT TGTGAE33GT TGTOCTGCTCGAAAT TGT TGACACTGIGAGTGCT TTGGT TTATGATAATAAGCT TAAAGCACATAAAGACAAATCAGCTC
Vac ORFlab TGOCAGACATGI TACTCEGAACT TGIGE33GI TGTOCTGCTGAAAT TGT TGACACTGIGAGIGCT TTGGT TTATGATAATAAGCT TAAAGCACATAAAGACAAATCAGCTC
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17390 17400 17410 17420 17430 17440 17450 17460 17470 17480 17490
W1 d ORFlab AATGCTTTAAAATGITTTATAAGEGTGITATCACECATGATGT T TCATCTGOAAT TAACAGEICACAAAT AGEIGT GG AAGAGAAT TACT TACACGT AACCCTGUT TG
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AAAANTGTCTTTATTTCACCT TATAAT TCACAGAATACTCT ACICTCAMGT TTTAIACTATAACTCAMCTGT TGATTCATCACAGI I TCAGAATATGACTA
17500 17510 17520 17530 17540 17550 17560 17570 17580 17590 17600
W1 d ORFlab AGAAAAGCTGICTTTATCTCACCT TATAAT TCACAGAATGCTGTAGOCTCAAAGST TTTG3GACTACCAACTCAAACTGI TGAT TCATCACAGEECTCAGRATATGACTA
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17610 17620 17630 17640 17650 17660 17670 17680 17690 17700 17710

W1 d ORFlab TGICATATTCACTCAAACCACTGAAACAGCTCACTCT TGTAATGTAAACAGAT T TAATGT TGCTAT TACCAGAGCAAAAGT AGBCATACT TTGCATAATGI CTGATAGAC
Vac ORFlab TGICATATTCACTCAAACCACTGAAACAGCTCACTCT TGTAATGTAAACAGAT TTAATGT TGCTAT TACCAGAGCAAAAGT AGBCATACT TTGCATAATGI CTGATAGAC
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17720 17730 17740 17750 17760 17770 17780 17790 17800 17810 17820
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17830 17840 17850 17860 17870 17880 17890 17900 17910 17920 17930
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17940 17950 17960 17970 17980 17990 18000 18010 18020 18030 18040

W1 d ORFlab AAGACTCATCTCTATGATGIGT TTTAAAATGAAT TATCAAGT TAATGST TACSCTAACATGI TTATCACOOEOGAAGAAGCTATAAGACATGTACGTGCATGGATTGACT
Vac ORFlab AAGACTCATCTCTATGATGIGT TTTAAAATGAAT TATCAAGT TAATGST TACSCTAACATGI TTATCACOOEOGAAGAAGCTATAAGACATGTACGTGCATGEATTGACT
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18050 18060 18070 18080 18090 18100 18110 18120 18130 18140 18150
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18160 18170 18180 18190 18200 18210 18220 18230 18240 18250 18260

W1 d ORFlab GATACACCTAATAATACAGATTTTTGCAGAGT TAGT GCTAAACCACOBOCTGGAGATCAAT TTAAACACCTCATACCACT TATGTACAAAGGACT TACT TGGAATGTAGT
Vac ORFlab GATACACCTAATAATACAGATTTTTCCAGAGT TAGTGCTAAACCACOEOCTGGAGATCAAT T TAAACACCTCATACCACT TATGTACAAAGGACT TACT TGGAATGTAGT

GIGTATAAAGAT TGT ACAAATGI TAAGT GACACACT TAAAAATCTCTCTGACAGAGT AT AT TTGTCTTATGIZACATGCT TTGAGT TGACATCTATGMGTATTTTC
18270 18280 18290 18300 18310 18320 18330 18340 18350 18360 18370
W1 d ORFlab GIGTATAAAGATTGTACAAATGI TAAGTGACACACT TAAAAATCTCTCTGACAGAGI GGTAT TTGI CT TATG3ECACATGACT TTGAGCTGACATCTATGAAGTATTTTC
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TGQAAATAGISO(IIT GOCIIIIJAOCT GTG ICT ATGT GO\TAIGOOST (II)ACIATCIII [T IOSIACT GCTT CAGIOCACIT AT(I)ICT G (II)AT?ATI’CI’ A'I'I'GTBO\TITGO\TI'AF
18380 18390 18400 18410 18420 18430 18440 18450 18460 18470 18480

W d ORFlab TGAAAATAGGACCTGAGIECACCTGI TGTCTATGIGATAGACGTGOCACATGCT TTTACACTGCT TCAGACACT TATGOCTGI TG3CATCATTCTATTGEATTTGATTAC
Vac ORFlab TGAAAATAGGACCTGAGIECACCTGI TGTCTATGIGATAGACGTGOCACATGCT TTTACACTGCT TCAGACACT TATGOCTGI TG3CATCATTCTATTGEAT TTGATTAC
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TGA\TGSQATICA\TGACI' AGSII' GICTACT! GII' CCACGAGT GILTIT G, AAGIZGI' GITGACT ICISACI' ATI'GQIATATCCI' ATAATI'GSI' GA\TGIAPCI' GAPGOCI_II'AATGZG’ITIT
18600 18610 18620 18630 18640 18650 18660 18670 18680 18690 18700

W1l d ORFlab TGATGCAATCATGACTAGGIGICTACGCTGICCACGAGIGCT TTGT TAAGSGTGI TGACTGGACT AT TGAATATCCTATAAT TGETGATGAACTGAAGAT TAATGO3CTT
Vac ORFlab TGATGCAATCATGACTAGGIGICTAGCTGICCACCGAGTACT TTGI TAAGTGTGI TGACTGGACT AT TGAATATCCTATAAT TGGTGATGAACTGAAGAT TAATGOBCTT
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18710 18720 18730 18740 18750 18760 18770 18780 18790 18800 18810
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18820 18830 18840 18850 18860 18870 18880 18890 18900 18910 18920

W1 d ORFlab GIAGAATGGAAGI TCTATGATGIACACICT TGTAGTGACAAAGCT TATAAAATAGAAGAAT TATTCTAT TCT TATGOCACACAT TCTGACAAAT TCACAGATGSTGTATC
Vac ORFlab GIAGRATGGAAGI TCTATGATGCACACICT TGTAGTGACAAAGCT TATAAAATAGAAGAAT TATTCTAT TCT TATGOCACACAT TCTGACAAAT TCACAGATGSTGTATC

QCTATTTTGAATTAATGTAATAATATACTACTAAT TACAT TGI T TG AATTTGACACT AAGTGCTATCT ANCT TAACT TGXCTGGT TGTGATGSTG3CAGTT
18930 18940 18950 18960 18970 18980 18990 19000 19010 19020 19030
W1 d ORFlab GCTATTTTGGAATTGCAATGICGATAGATATCCTGCTAATTCCAT TG TTGTAGAT TTGACACTAGAGI GCTATCTAACCT TAACT TAOCTGST TGTGATGGTG3CAGT T
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TG ATGT AAAT AMCATGUAT TACACACNICAGCT TT TGATAAAAGTGCTTTTGT TAAT TTAAACAAT TAQCATTTTTCTAT TACTCTCACAGTACATGTGAGTCTCAT
19040 19050 19060 19070 19080 19090 19100 19110 19120 19130 19140
W1 d ORFlab TGTATGTAAATAAACATGCAT TACACACACCACCT TTTGATAAAAGTGCT TTTGI TAATTTAAAACAAT TACCAT TTTTCTATTACTCTGACAGT GCATGTGAGI CTCAT

g
:
;
g
;
g
§
%
>
§
%
&
G

GT‘:AAAACMIGTAGTGT@GﬁTATAGAWATGTA@CTA@AGTUGJTA{BTGTATM@(EIT@AWA(BT(ETG}TGTCTGTAGIOCATCAT(III'@ATGOGFACOF
19150 19160 19170 19180 19190 19200 19210 19220 19230 19240 19250

W1 d ORFlab GGAAAACAAGTAGTGICAGATATAGAT TATGTACCACTAAAGT CTGCTACGTGTATAACACGT TACAAT TTAGGTGETGCTGTCTGTAGACATCATGCTAATGAGTACAC
Vac ORFlab GGAAAACAAGTAGTGICAGATATAGAT TATGTACCACTAAAGT CTGCTACGTGTATAACACGT TACAAT TTAGGTGETGCTGTCTGTAGACATCATGCTAATGAGTACAC
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19260 19270 19280 19290 19300 19310 19320 19330 19340 19350 19360

W1l d ORFlab ATTGTATCTGGATGCT TATAACATGATGATCTCAGCTGACT TTAGCT TGIG3GT TTACAAACAAT TTGATACT TATAACCTCTGGAACACT TTTACAAGACT TCAGAGT T
Vac ORFlab ATTGIATCTGGATGCT TATAACATGATGATCTCAGCTGCT TTAGCT TGIG3GT TTACAAACAAT TTGATACT TATAACCTCTGAACACT TTTACAAGACT TCAGAGT T
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19370 19380 19390 19400 19410 19420 19430 19440 19450 19460 19470
W d ORFlab TAGAAAATGTGETTTTAATGITGTAAATAAGICACACT TTGATGRACAACAGIGTGAAGT ACCAGT TTCTATCAT TAATAACACT GT TTACACAAAAGT TGATGSTGI T
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eeeife| GSOQ'IT(IJT CIJT,IQATACT Gl GO\'II'CT (II‘:ACTA@AAAGOGAT@T OSACI)ACIATATATCTACITAI [GETGTTTG I(,IATGOgI' GOCATA(IZQMGQAACCQIA
19590 19600 19610 19620 19630 19640 19650 19660 19670 19680 19690

W1 d ORFlab G3GIGIGEACAT TGCTGCTAATACTGIGATCTGEEACTACAAAAGAGATGCTCCAGCACATATATCTACTATTGSTGI TTGT TCTATGACTGACATAGICAAGAAACCAA
Vac ORFlab G3GIGIGEACAT TGCTGCTAATACTGIGATCTGEEACTACAAAAGAGATGCTCCAGCACATATATCTACTATTGETGI TTGT TCTATGACTGACATAGICAAGAAACCAA
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19700 19710 19720 19730 19740 19750 19760 19770 19780 19790 19800
W1 d ORFlab CTGAACGATTTGIGOACCACTCACTGTCTTTT T TGATGGTAGAGT TGATGETCAAGT AGACT TAT T TAGAAAT GOOOGT AATGGT G TCT TAT TACAGAAGGTAGTGI T
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19810 19820 19830 19840 19850 19860 19870 19880 19890 19900 19910

W1 d ORFlab AAAGSTTTACAACCATCTGIAGSETGOCAAACAAGCTAGICT TAATGGAGT CACAT TAAT TGGAGAAGTCGT AAAAACACAGT TCAAT TATTATAAGAAAGT TGATGETGT
Vac ORFlab AAAGSTTTACAACCATCTGIAGSETGOCAAACAAGCTAGICT TAATGGAGI CACAT TAAT TGGAGAAGTCGT AAAAACACAGT TCAATTATTATAAGAAAGT TGATGETGT
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19920 19930 19940 19950 19960 19970 19980 19990 20000 20010 20020

W1 d ORFlab TGIGCAACAATTACCTGAAACT TACT T TACTCAGAGTAGAAAT TTACAAGAAT T TAAACCCAGCAGTCAAATGGAAAT TGATTTCT TAGPAT TAGCTATGGATGAATTCA
Vac ORFlab TGIGCAACAATTACCTGAAACT TACT T TACTCAGAGTAGAAAT TTACAAGAAT T TAAACCCAGCAGTCAAATGGAAAT TGATTTCT TAGPAT TAGCTATGGATGAATTCA
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20030 20040 20050 20060 20070 20080 20090 20100 20110 20120 20130

W1l d ORFlab TTGAAGGGTATAAAT TAGAAGECTATGOCT TGGAACATATCGT TTATGGAGAT TTTAGTCATAGI CAGT TAGGTGGT TTACATCTACTGATTGGACTAGCTAAAGGI TTT
Vac ORFlab TTGAAGGGTATAAAT TAGAAGECTATGOCT TGGAACATATGGT TTATGGAGAT TTTAGTCATAGT CAGT TAGGTGGT TTACATCTACTGATTGGACTACGCTAAAGGTTTT
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20140 20150 20160 20170 20180 20190 20200 20210 20220 20230 20240

W1l d ORFlab AAGGAATCACCTTTTGAATTAGAAGAT TTTATTCCTATGGACAGTACAGT TAAAAACTAT T TCATAACAGATGIBCAAACAGGT TCATCTAAGTGIGTGIGT TCTGI TAT
Vac ORFlab AAGGAATCACCTTTTGAATTAGAAGATTTTATTACTATGGACAGTACAGT TAAAAACT AT TTCATAACAGATGIZCAAACAGGT TCATCTAAGTGIGTGIGI TCTGI TAT

TGO\'I'I'I'A'IT,IAC]TGATGO\I II [ IGITGQAA'II'AATAAAATOEI)MGATWATCTGTAGI'W?TANEITGT@AAGTGOCTAWGOCTATA@GMAI I IbIAI [TATGCI ]
20250 20260 20270 20280 20290 20300 20310 20320 20330 20340 20350

W1 d ORFlab TGATTTATTACTTGATGATTTTGI TGAAATAATAAAATCOCAAGAT TTATCTGTAGT TTCTAAGST TGTCAAAGTGACT AT TGACTATACAGAAAT TTCATTTATGCTTT
Vac ORFlab TGATTTATTACTTGATGATTTTGI TGAAATAATAAAATCOCAAGAT TTATCTGTAGT TTCTAAGST TGTCAAAGTGACTATTGACTATACAGAAAT TTCATTTATGCTTT
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20360 20370 20380 20390 20400 20410 20420 20430 20440 20450 20460

W1 d ORFlab GGTGIAAAGATGEOCATGIAGAAACAT TTTACCCAAAAT TACAATCTAGT CAAGOGT G3CAACTEEGTGI TACTATGOCTAATCT TTACAAAATGCAAAGAATACTAT TA
Vac ORFlab GGTGTAAAGATGEOCATGTAGAAACAT TTTACCCAAAAT TACAATCTAGI CAAGOGT G3CAACOEEGTGI TACTATGOCTAATCT TTACAAAATGCAAAGAATACTATTA

GAAAAGT G QCCIT CQAAIA\TI'ATGSI' GA\TAGI' CDMCATI’ACCI’ AAAG’;EA\TAATGAT@ATGI' CGSQIAAATATACI' CIMCI' GIGr CQIATA'I_ITAAACIBCATI'APCA'IT
20470 20480 20490 20500 20510 20520 20530 20540 20550 20560 20570
W1 d ORFlab GAAAAGTGIGACCT TCAAAAT TATGGTGATAGTGCAACAT TACCTAAAGCATAATGATGAATGT CBCAAAATATACTCAACTGTGTCAATAT TTAAACACAT TAACATT
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20580 20590 20600 20610 20620 20630 20640 20650 20660 20670 20680
W1 d ORFlab AGCTGIAGOCTATAATATGAGAGT TATACATTTTGGTGoTGET TCTGATAAAGEAGT TACACCAGST ACAGCTGT TTTAAGACAGT GGT TGOCTACGIGTACACTACT TG
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TOSATI'CAGIO\TCW AATGOQTI' GICICT IGO\TGSAGO\'I'I'ICQACTI'I' GO\TII'GST GATTGI W Gl ACIATACACIJT AATAAAT(IBAT?I’ CATI'ATI'ACIEI' GATATEL Ag
20690 20700 20710 20720 20730 20740 20750 20760 20770 20780 20790

W d ORFlab TGGATTCAGATCITAATGACT TTGICTCTGATGCAGAT TCAACT TTGAT TGGTGAT TGTGCAACT GTACATACAGCTAATAAATGECATCTCAT TATTAGTGATATGIAC
Vac ORFlab TGOGATTCAGATCITAATGACT TTGICTCTGATGCAGAT TCAACT TTGAT TGGTGAT TGTGCAACT GTACATACAGCTAATAAATGECATCTCATTATTAGTGATATGIAC




@CZCIII'AAG?CI’AAAAATC%ITACQAAAGQIAAATWUM@%WWA@WJWATWA@FWWM@MT
20800 20810 20820 20830 20840 20850 20860 20870 20880 20890 20900

W1 d ORFlab GAGCCTAAGACTAAAAATGI TACAAAAGAAAATGACTCTAAAGAGSGT TTTTTCACT TACAT TTGIG3GT TTATACAACAAAAGCTAGCTCT TGGAGSET TGOGTGACTAT
Vac ORFlab GACCCTAAGACTAAAAATGI TACAAAAGAAAATGACTCTAAAGAGGT TTTTTCACT TACAT TTGIG3GT TTATACAACAAAAGCTAGCTCT TGGAGET TAOGTGACTAT

AAAGATAAC?GMCATI’CIT GGAATACTH GIA\TCI [ IATAAQLT CA\TGEGAQACIT CGSA\TIGSI' CISGCGGZICITI' GITACT. ,IQATGI' GQATGITGI' CATCATCII' GAAGCATTT I
20910 20920 20930 20940 20950 20960 20970 20980 20990 21000 21010

W1 d ORFlab AAAGATAACAGAACATTCT TGGAATGCTGATCI TTATAAGCTCATGEGACACT TARCATGET GGACACCT TTGT TACTAATGI GAATGIGT CATCATCTGAAGCATTTT
Vac ORFlab AAAGATAACAGAACATTCT TGGAATGCTGATCT TTATAAGCTCATGEGACACT TARCATGET GRACACCT TTGT TACTAATGI GAATGIGT CATCATCTGAAGCATTTT

TAA'I'I'GSATIGT AATI'ATCTII' (II)QAA(I)A(IIIISMCQAATAGAT(ISIT A'II'GT CAT(I)A\T@AA'ITA(ATAI [T I@@ATA@AAT@ATI’COGIT GIGITGCT. A'If
21020 21030 21040 21050 21060 21070 21080 21090 21100 21110 21120

W1 d ORFlab TAATTGGATGIAATTATCT TGETAAACCACEOGAACAAATAGATGST TATGTCATGCATGCAAAT TACATAT T TTGGAGEAATACAAATCCAAT TCAGT TGTGI TGCTAT
Vac ORFlab TAATTGGATGIAATTATCT TGETAAACCACEOGAACAAATAGATGET TATGTCATGCATGCAAAT TACATAT T TTGGAGGAATACAAATCCAATTCAGT TGTCT TGCTAT

TCTIT IAWIGOCATGOGTAIAAW(IIITITAAAWAA(IIIISTACT(IJTGIITATGTCI [ I,IQAAAGM(ETIOQAATCQATGIATATGN [T I,IAI(,I(,I ICI I,IDGI'AAA(I;I'AF
21130 21140 21150 21160 21170 21180 21190 21200 21210 21220 21230

W d ORFlab TCITTATTTGACATGAGTAAATTTGOCCT TAAAT TAAGIEGTACTGIOGT TATGOCT TTAAAAGAAGGT CAAATCAATGATATGATTTTATCTCT TCT TAGTAAAGGTAC
Vac ORFlab TCITTATTTGACATGAGTAAATTTGOCCT TAAAT TAAGIEGTACTGCTGI TATGICT T TAAAAGAAGGTCAAATCAATGATATGATTTTATCTCT TCT TAGTAAAGGTAC

ACWATANTAGGGQAAACIMCGGGGWC%WATWCTAC%TGATGWCWWAACMCTAA
21240 21250 21260 21270 21280 21290

W1 d ORFlab ACTTATAATTAGAGAAAACAACAGAGI TGITATTTCTAGIGATGI TCTTGI TAACAACTAA
Vac ORFlab ACTTATAATTAGAGAAAACAACAGAGI TGITATTTCTAGIGATGI TCTTGI TAACAACTAA
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10 20 30 40 50 60 70 80 90 100 110

120 130 140 150 160 170 180 190 200 210 220

AKIHACU%GMIITK%ENKICKHCCUKI%TTU¥UGKKIJGHIAIHIGCTKIATKIEAMHCINK%ENM?@GMICKIAIHIIGGW¥jﬁCHIA
230 240 250 260 270 280 290 300 310 320 330

ATGGTACTAAGAGST TTGATAACCCTGIGCTACCATCTAATGATGET G TTATTTTGCT TACAT TGIGAAGT CTAACATAATAAGAGECTGEAT TTTTGSTACTACT TTA
ATGGTACTAAGAGET TTGATAACCCTGIACTACCAT TTAATGATGET G TTATTTTGCT TACAT TGAGAAGT CTAACATAATAAGAGECTGAT TTTTGGTACTACT TTA

GKﬂfEAM?{ICM3TICU¥HTATKHTAAU¥{ECU¥HAAKHTGTW“TANKICKHEANHTCAAHIIGW¥UGKKIAIIHICEGREIIATU(EN?W
340 350 360 370 380 390 400 410 420 430 440

GATTCGAAGACOCAGTAOCTACT TAT TGI TAATAACCTACTAATGT TG TATTAAAGT CTGTGRAT TTCAAT TTTGTAATGATCCAT TTTTGEGT G TTATTACCACAA
GATTAGAAGACOCAGTACTACT TAT TGI TAATAACCTACTAATGT TG TATTAAAGT CTGTGRAT TTCAAT TTTGTAATGATCCAT TTTTGEGT G TTATTACCACAA
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TKI%OMIHCGKIHCDMIHTKﬂﬁWGKIIJENKHTON{IIMI¥CTTTKHﬁWDN¥wWADNﬂCAANﬂEGN¥IATUKFCKHIHGUK%CRECDMjTC
780 790 800 810 820 830 840 850 860 870 880

TTGGACACCTGETGCTCCAGCT TAT TATGTGEGT TATCT TCAACCTAGGACT TTTCTAT TAAAATATAATGAAAAT GAACCAT TACAGATGCTGTAGACTGIGCACT TC
TTGGACACCTGETACTGCAGCT TAT TATGTGEGT TATCT TCAACCTAGGACT TTTCTATTAAAATATAATGAAAAT GAACCAT TACAGATGCTGTAGACTGIGCACT TC

|
/{ICKICWﬁGN¥(AN¥IGW{ETK¥AKKITKﬁ?KHﬁGN¥AgIﬁKKIKWﬁAMHTCU%CTﬂﬁGMHFDNKDNK%@NUCWWW?TAEUTRI?
890 900 910 920 930 940 950 960 970 980 990
ACCCTCTCTCAGAAACAAAGT GTACGT TGAAATCCT TCACTGTAGAAAAAGAATCTATCAAACT TCTAACT TTAGAGT CCAACCAACAGAATCTAT TG TAGATTTCCT
ACCCTCTCTCAGAAACAAAGT GTACGT TGAAATCCT TCACTGTAGAAAAAGAATCTATCAAACT TCTAACT TTAGAGT CCAACCAACAGAATCTATTGT TAGATTTCCT
L
AAUUDM%@MjTGKIDFHTRIIG¥GHTTU%QIENI%GN]KiAKJbhHAm3jTG3%OMEWM¥9NWOM£N¥HGKIWITQHTMTCK¥
1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100
AATATTACAAACT TGTGOCCT TTTGETGAAGT TTTTAACSOCACCAGAT TTACATCTGI TTATGCT TGGAACACGAAGAGRATCACCAACTGIGI TACTGATTAT TCTGI
AATATTACAAACT TGTGOCT TTTGETGAAGT TTTTAACSOCACCAGAT TTACATCTGI TTATGCT TGGAACACGAAGAGRATCACCAACTGIGI TACTGATTAT TCTGT
L

GJ?IAU¥QTGIIFWO§IIKlﬁLI”IAAGR3TAFI%GKHCKI]ACU¥wWPN¥UGNKH?KIITU¥H6KKHCUUGQ¥¥TK%WTFH¢ATWI¥F
1110 1120 1130 1140 1150 1160 1170 1180 1190 1200 1210

CCTATATAATTGOECATCAT TTTACACT TTTAAGTGT TATGGAGI GICTCCTACTAAAT TAAATGATCTCTGCT TTACTAATGI CTATGCAGATTCAT TTGTAATTAGAC
GCTATATAATTGOECATCAT TT TACACT TTTAAGTGT TATGGAGI G CTCCTACTAAAT TAAATGATCTCTGCT TTACTAATGI CTATGCAGATTCAT TTGTAATTAGAC

GEGKK?¥(q(ﬁCﬁCNNﬂ?IIHtIﬁCEGPN¥¥]TI%ﬁeGKTKIHCﬁTDNW¥ﬂ7ﬁU?AATU¥IﬁC?WGAIHIACﬁZIHCIETBKW¥IJTCEA§TRJ¥¢(?@J
1220 1230 1240 1250 1260 1270 1280 1290 1300 1310 1320
GIGATGAAGT CAGACAAATCECTCCAGEICAAACTGAAAGAT TACTGAT TATAAT TATAAAT TACCAGATGAT T T TACAGICTGIGT TATAGCT TGGAAT TCTAACAAT
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CTTGATTCTAAGST TASTGSTAATTATAATTACCTGT ATAGAT TG TTAGAAGT CTAATCTCAACCT T TGAGAGAGATAT TTCAACTGAAATCTATCAGSIIICSTAC
1330 1340 1350 1360 1370 1380 1390 1400 1410 1420 1430

CTTGATTCTAAGGT TAGTGGTAAT TATAATTACCTGTATAGAT TGT TTAGAAGTCTAATCTCAAACCT TT TGAGAGAGATAT T TCAACTGAAATCTATCAGEOO3GTAC
CTTGATTCTAAGGT TAGTGGTAAT TATAATTACCTGTATAGAT TGT TTAGAAGTCTAATCTCAAACCT TT TGAGAGAGATAT T TCAACTGAAATCTATCAGEOOGTAC
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1440 1450 1460 1470 1480 1490 1500 1510 1520 1530 1540

CACACCTTGTAATGGIGI TGAAGGT TTTAATTGT TACT TTGCT TTACAATCATATGST TTCCAACCCACTAATGETGI TGGT TACCAACCATACAGAGT AGTAGTACT TT
CACACCTTGTAATGGIGI TGAAGGT TTTAAT TGT TACT TTGCT TTACAATCATATGST TTCCAACCCACTAATGETGI TGGT TACCAACCATACAGAGT AGTAGTACT TT
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1550 1560 1570 1580 1590 1600 1610 1620 1630 1640 1650

CITTTGAACT TCTACATGCACCAGCAACT G TTGTGACCTAAAAAGT CTACTAAT TTGSET TAAAAACAAATGT GT CAAT T TCAACT TCAATGGT TTAACAGECACAGST
CITTTGAACT TCTACATGCACCAGCAACTGI TTGTGACCTAAAAAGT CTACTAAT TTGGET TAAAAACAAATGT GT CAAT T TCAACT TCAATGGT TTAACAGECACAGST
___________________________________________________________________________________________________
GITCTTACTGAGTCTANCAMAAGT TTCTGICT TTACANCAAT TTAIAGNANCATTACTGACACT ACTGATGCTGT AT GATACACACACACT TGAGAT TCTTGACAT
1660 1670 1680 1690 1700 1710 1720 1730 1740 1750 1760
GITCTTACTGAGICTAACAAAAAGT TTCTGOCT T TACAACAAT T TGBCAGAGACAT TACTGACACT ACTGATGCTGI GOGT GATCCACAGACACT TGAGAT TCT TGACAT
GITCTTACTGAGICTAACAAAAAGT TTCTGOCT TTACAACAAT T TGBCAGAGACAT TACTGACACT ACTGATGCTGI GOGT GATCCACAGACACT TGAGAT TCT TGACAT
. ________________________________________________________________________________________________________________|

TACACCATGI TCT TTTGETGET GT CAGTGT TATAACACCAGAACAAATACT TCTAACCAGST TACTGI TCT TTATCASATGT TAACTGCACAAAGT TG TACTA
1770 1780 1790 1800 1810 1820 1830 1840 1850 1860 1870

TACACCATGI TCTTTTGETGET G CAGTGT TATAACACCAGAACAAATACT TCTAACCAGST TACTGI TCT TTATCAGGATGT TAACTGCACAGAAGT ACTGT TACTA
TACACCATGI TCTTTTGETGET G CAGTGT TATAACACCAGAACAAATACT TCTAACCAGST TACTGI TCT TTATCAGGATGT TAACTGCACAGPAGT ACTGT TACTA
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1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090
GAGTGTGACATACCCAT TAGTGCAGGTATATGIACTAGT TATCAGACT CAGACT AAT TCTO T ORRIEaECACGT AGT GTAGCTAGT CAATCCATCAT TGOCTACACTAT
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2100 2110 2120 2130 2140 2150 2160 2170 2180 2190 2200

GICACT TGGETGCAGAAAAT TCAGT TACT TACTCTAATAACTCTAT TGOCATACCCACAAAT TTTACTAT TAGT GT TACCACAGAAAT TCTACCAGT GIT CTATGACCAAGA
GICACT TGGETGCAGAAAAT TCAGT TACT TACTCTAATAACTCTAT TGOCATACCCACAAAT TTTACTAT TAGT GT TACCACAGAAAT TCTACCAGT GI CTATGACCAAGA

GNK7(HﬁGﬁTKHﬁCANWHﬁCKTrR3?1?GKTK7¥$HGANRI¥K¥?@WCIIIK?1TIﬁAINK%I1(HTTTK37(ﬁCANTU¥¥¥IIH(ITTPN¥]TI¥@T€
2210 2220 2230 2240 2250 2260 2270 2280 2290 2300 2310

CATCAGTAGAT TGTACAATGTACAT TTGT GSTGAT TCAACTGAATGCAGCAATCT TTTGT TACAATATGECAGI TTTTGTACACAATTAAACCGTGCTTTAACTGGAATA
CATCAGTAGAT TGTACAATGTACAT TTGT GSTGAT TCAACTGAATGCAGCAATCT TT TGT TACAATATGECAGT TTTTGTACACAATTAAACCGTGCTTTAACTGGAATA
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CITGTK?ﬁPNM}{ﬁAA¥¥¥(ICNM}¥CWTTTKIﬁPNMHtANK?ﬁATTUKﬁAﬁM7¥Iﬁ(EA6TW¥¢CAIhH(IHEGIH!AAIHIIO%J¥$WATW(¥
2320 2330 2340 2350 2360 2370 2380 2390 2400 2410 2420

GCTGT TGAACAAGACAAAAACACOCAAGAAGT TT TTGCACAAGT CAAACAAAT TTACAAAACACCACCAAT TAAAGAT TTTGETGET TTTAATTTTTCACAAATAT TACC
GCTGI TGAACAAGACAAAAACACOCAAGAAGT TT TTGCACAAGT CAAACAAAT TTACAAAACACCACCAAT TAAAGAT TTTGETGET TTTAATTTTTCACAAATATTACC

. ____________________________________________________________________________________ ________________
ACATCCATCAANCOANGANGNSGTCAT TTATTGAAGATCTACT TT TCAACAANGTGNACT TEAGATGCTACTTCATCAACAATATGSTGATTAICTTGSTGATA
2430 2440 2450 2460 2470 2480 2490 2500 2510 2520 2530
AGATCCATCAAAACCAAGCAAGAGGTCATTTAT TGAAGATCTACT TT TCAACAAAGT GACACT TGCAGATGCTGECT TCATCAAACAATACSGTGAT TGICT TGSTGATA
AGATCCATCAAAACCAAGCAAGAGGTCATTTAT TGAAGATCTACT TT TCAACAAAGT GACACT TGCAGATGCTGCT TCATCAAACAATATGGTGAT TGICT TGSTGATA
_______________________________________________________________________________________________________________
TTGCTGCTAGNACCTCAT TTCTGOACAAANGT TTANJEIICTTACTGT TTTGUCACCT TTACTCACAGATGAAATGAT TACTCAATACACT TCTGACTGT TAGISET
2540 2550 2560 2570 2580 2590 2600 2610 2620 2630 2640
TTGCTGCTAGAGACCTCAT TTGIGCACAAAAGT TTAACGBCT TACTGI TTTGICACCT TTGCTCACAGATGAAATGAT TGCTCAATACACT TCTGCACTGI TAGSAEEGT
TTGCTGCTAGAGACCTCAT TTGTGCACAAAAGT TTAACGEICT TACTGI TTTGICACCT TTGCTCACAGATGAAATGAT TACTCAATACACT TCTGCACTGI TAGSAEZGET
. ______________________________________________________________

ACNﬂTﬁCKKJTETR33¥IITRIHCCﬁIHCCRI7qTﬁCANNU¥¥ﬁWTKITAWIﬁAKKIIHTAU¥IHTTA5KIHATKI?GTUK%CN¥¢WGTK]T]?
2650 2660 2670 2680 2690 2700 2710 2720 2730 2740 2750

ACAATCACT TCTGGT TGGACCT TTGETGCAGGT GCTGCAT TACAAATACCAT TTGCTATGCAAATGRCT TATAGGET TTAATGSTAT TGGAGT TACACAGAATGI TCTCTA
ACAATCACT TCTGGT TGGACCT TTGETGCAGGT GCTGCAT TACAAATACCAT TTGCTATGCAAATGRCT TATAGGET TTAATGSTAT TGGAGT TACACAGAATGI TCTCTA
|
'K%GN{D%¥AKﬂCATWIDN{DNﬂTINﬂﬁGKI?ATKIIAA%ﬂTONK%CWﬁCHICTKFﬁOMIﬁAGKIﬁCTKI%AﬁMjTCN¥¥qGKIION¥¥
2760 2770 2780 2790 2800 2810 2820 2830 2840 2850 2860
TGAGAACCAAAAAT TGAT TGOCAACCAAT TTAATAGT GCTAT TGECAAAAT TCAAGACTCACT TTCT TACACAGCAAGT GCACT TGGAAAACT TCAAGATGT GETCAACC

TGAGAACCAAAAAT TGAT TGOCAACCAAT TTAATAGT GCTAT TGECAAAAT TCAAGACTCACT TTCT TACACAGCAAGT GCACT TGAAAACT TCAAGATGT GETCAAC

AAAATCACMGCTTTAAACASCTTGT TAMCANCTTACTACAAT TT TGSTGAATT TCAAGTGT T T TAAATGATATQCT T TCAQGTCT TGACAANGT TGAGCTGAA
2870 2880 2890 2900 2910 2920 2930 2940 2950 2960 2970

AAAATCCACAAGCT TTAAACACCT TGT TAAACAACT TAGCTCCAAT TTTGSETGCAAT TTCAAGTGT TTTAAATGATATCCT TTCACGETCT TGACAAAGT TGAGCTGAA
AAAATCCACAAGCT TTAAACACCT TGT TAAACAACT TAGOEOCAAT TTTGSETGCAAT TTCAAGTGT TTTAAATGATATCCT TTCACGETCT TGACAAAGT TGAGTTGAA
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2980 2990 3000 3010 3020 3030 3040 3050 3060 3070 3080

GIGCAAAT TGATAGGT TGATCACAGBCAGACTCCAAAGT TTGCAGACATATGT GACTCAACAAT TAAT TAGAGCTGCAGAAATCAGAGCT TCTGCTAATCT TACTACTAC
GIGCAAAT TGATAGGT TGATCACAGECAGACT TCAAAGT T TGCAGACATATGT GACTCAACAAT TAAT TAGAGCTGCAGAAATCAGAGCT TCTGCTAATCT TACTACTAC
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TAN¥WGK?GMJGK]%FTKI%ON“?AAN¥{%GUCAIHIIGKIﬁAMIECqUCNKHTKWHtCTKIImpKHCMI%OFKFWGHTIﬁECTRJTCF
3090 3100 3110 3120 3130 3140 3150 3160 3170 3180 3190

TAAPATGT CAGAGT GTGTACT TGGACAATCAAAAAGAGT TGAT T TTTGTGGAAAGIECTATCATCT TATGICCT TACTCAGT CAGCACCTCATGETGTAGI CTTCTTAC
TAAPATGT CAGAGT GTGTACT TGGACAATCAAAAAGAGT TGATTTT TGTGGAAAGIECTATCATCT TATGICCT TAOCTCAGT CAGCACCTCATGETGTAGICTTCTTAC

ATGIGACT TATGTAXCTGCACANANNANCT TCACAACTGCTACTG AT TTGTCATCATGAANAGACACT T TACTASTGAGGTGICTTTGT TTGAAMTGIAA
3200 3210 3220 3230 3240 3250 3260 3270 3280 3290 3300
ATGTGACT TATGT COCTGCACAAGAAAAGAACT TCACAACT GCTCCTGOCAT TTGT CATGATGAAAAGCACACT TTACTCETGRAGGTGICT TTGT TTCAAATGECACA
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CﬁCKIHTF§U¥(ﬁCAN¥I¥AIIHIAqGNMI%ON¥UCKTU¥HAP¥%ON¥IC§HIbﬂjQJgdAACKHGFKHTGU%EﬁI%ATRHT?ﬁowxﬁOMQ
3310 3320 3330 3340 3350 3360 3370 3380 3390 3400 3410

CACTGGT TTGTAACACAAAGGAAT TTTTATGAACCACAAATCAT TACTACAGACAACACAT TTGIGI CTGGETAACTGIGATGT TGTAATAGGAAT TGT CAACAACACAGT
CACTGGT TTGTAACACAAAGGAAT TTTTATGAACCACAAATCAT TACTACAGACAACACAT TTGIGI CTGGETAACTGIGATGT TGTAATAGGAAT TGTCAACAACACAGT

TUﬂGKKI?TKIANIH9NﬂTN?KTPMTCAMI%Q?KHIN?UANWAIIHA@GNﬂCKUK?WOMIﬁGNWHTGKHTﬁG?K%CKKjCFIIﬁWBNﬂ$
3420 3430 3440 3450 3460 3470 3480 3490 3500 3510 3520

TTATGATCCT TTGCAACCTGAAT TAGACTCAT TCAAGGAGGAGT TAGATAAATAT TT TAAGAATCATACATCACCAGATGT TGATTTAGGTGACATCTCTGECATTAATC
TTATGATCCT TTGCAACCTGAAT TAGACTCAT TCAAGGAGGAGT TAGATAAATAT TT TAAGAATCATACATCACCAGATGT TGATTTAGGTGACATCTCTGICATTAATC

CTKﬁGﬂCENwCMTC¥¥AM%AMTQMIGIHC¥UGMITKIpN{AKﬂTAyUGNUCKjCMtGMfmg]%GN(TKIAN(mMCBI%GUWAW
3530 3540 3550 3560 3570 3580 3590 3600 3610 3620 3630
CITCAGI TGTAAACAT TCAAAAAGAAAT TGACTBOCTCAATGAGGT TAOCAAGAAT TTAAATGAATCTCTCATCGATCTCCAAGAACT TAAAAGTATGAGCAGTATAT A
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AAATGIATGST ACATTTACTAGST TT TATAGCTGICTTGATTAXATAGT AATGSTGACAATTATGCT T TACTGT ATGAOCAGT TACTGT AGT TGTCTCAAGEICTC
3640 3650 3660 3670 3680 3690 3700 3710 3720 3730 3740

AAATGOCATGGTACAT TTGECTAGST TTTATAGCTGECT TGATTGOCATAGTAATGET GACAAT TATGCT TTACTGTATGACCAGT TACTGTAGT TGTCTCAAGECTC
AAATGOCATGGTACAT TTGECTAGST TTTATAGCTGECT TGATTGOCATAGTAATGET GACAAT TATGCT TTACTGTATGACCAGT TACTGTAGT TGTCTCAAGECTC

TTGTKjTGFI%WGJfEFIIAKﬂTGFR?%GMI%pKjGNIIﬁQKITON%ngﬁCNwwqxﬁﬁnxﬁOﬂﬁA
3750 3760 3770 3780 3790 3800 3810 3820
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10 20 30 40 50 60 70 80 90 100 110

ATGATTTGI TTATGAGAATCT TCACAAT TGGAACTGTAACT TTGAAGCAAGGTGAAATCAAGGATGCTACTCCT TCAGAT TTTGT TABOECTACTGIAACGATACOGAT
ATGATTTG TTATGAGAATCT TCACAAT TGGAACTGTAACT TTGAAGCAAGGTGAAATCAAGGATGCTACTCCT TCAGAT TTTGT TABOECTACTGIAACGATACGAT
|
AONKICK?CKICTHCQ?WGIJTATKHTGZIIFIILHLJWinlHIIqM%GIITK¥ﬁANﬂCKU%GIHCN%A&?(%RIIA&INI%CK?

120 130 140 150 160 170 180 190 200 210 220
ACAACCCTCACTGOCT TTAGEGATGACT TAT TG TG33GT TACACT TCT TACTGT TTTTCAGAGIECT TACAAAATCATAACCCTCAAAAAGAGATGECAACT ACCACTCT
ACAACCCTCACTGOCT TTAEATGCT TAT TG TG33GT TACACT TCT TACTGT TTTTCAGAGIECT TACAAAATCATAACCCTCAAAAAGAGATGECAACT ACCACTCT
|

QAAGICTGI TCACTTTGI TTGAACTTACTGT TG TGT TTGIAACAGT TTACTCACACCT T TTACTAGT TACTACTGIICT TGAMGIXICTTTTCTCTATCTTTATGCT
230 240 250 260 270 280 290 300 310 320 330

CCAACGIGTGI TCACTTTGT TTACAACT TACTGI TG TGT TTGTAACAGT TTACTCACACCT TTTGCTGSET TACTACTAICT TGAAGIIACT TTTCTCTATCT TTATGCT
CCAAGIGTGITCACTTTGI TTACAACT TACTGI TG TG TTGTAACAGT TTACTCACACCT TTTGCTGSET TACTACTGICT TGAAGIAACT TTTCTCTATCT TTATGCT
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340 350 360 370 380 390 400 410 420 430 440
TTAGTCTACT TCT TGCAGAGTATAAACT TTGTAAGAAT AAT AATGAGECT TTGECT TTGCTGGAAATGIOGET TACAAAAACOCAT TACT TTATGATGOCAACTATTTTCT
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TTGCTGIATACTAATTGT TADACTAT TGTATACCT TACAATAGT GTAACT TCTTCAAT TGTCAT TACT TCAGSTGATGIACANCAATACTAT TTCTGAACATGACT
450 460 470 480 490 500 510 520 530 540 550

TTGCTGCATACTAATTGT TACGACTAT TGTATACCT TACAATAGT GTAACT TCT TCAATTGTCAT TACT TCAGET GATGECACAACAAGT CCTAT TTCTGAACATGACT
TTGCTGCATACTAATTGT TACGACTAT TGTATACCT TACAATAGT GTAACT TCT TGAATTGTCAT TACT TCAGGTGATGECACAACAAGT ACTAT TTCTGAACATGACT
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560 570 580 590 600 610 620 630 640 650 660
ACCAGATTGGIGSET TATACTGAAAAATGEAATCTGAGT AAAAGACTGI GT TGTAT TACACAGT TACT TCACT TCAGACT AT TACCAGCTGTACTCAACTCAAT TGAGT
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ACAGACACTASTGT TGAACATGT TACCT TCTTCATCTACAATAAAAT TGT TGATGAGICTGAAGACATGT AT TCACACAATAATEGT TAATAUIAGT TG TAA
670 680 690 700 710 720 730 740 750 760 770




TOOAGTAATGAACCAAT TTATGATGAACIAAACTACTAGIGTGICTTTGTAA
780 790 800 810 820

W d ORF3a TCCAGTAATGEAACCAAT TTATGATGAACOGACGACGACTACTAGOGTGICTTTGIAA
Vac ORF3a TOCAGIAATGGAACCAATTTATGATGAACCGACGACGACTACTAGOGTGCT TTGTAA
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. ___________________________________________________________________________________________
ATGTACTCAT TACT TTAZAAGNACASGTACGT TAATAGT TAATAGIGT ACTTCT TT T TCTTACTTTAST GSTATTCT TACTAGI TAGACTAGCCATACTTACTGRCT

10 20 30 40 50 60 70 80 90 100 110

ATGTACTCATTGGT TTOAAGAGACAGETACET TAATAGT TAATACOGTACT TCTTTTTCT TACT TTGGTGETAT TCT TACTAGT TACACTAGSCATGCT TACTGOXCT
ATGTACTCATTAGT TTAZAAGAGACAGETACGT TAATAGT TAATAGOGTACT TCTTTTTCT TGACT TTAGTGETATTCT TACTAGT TACACTAGSCATGCT TACTGOXCT

____________________________________________________________________________________________________________________|
TOATTGIGIAOGTACTACTGAATAT TGT TAACGTGAGT CTTGTAAAACCT TCT TT T TAGGT TTACTCTGSTGI TAAAAATCTGAAT TCT TCTAGAGI TACTGATCT TC

120 130 140 150 160 170 180 190 200 210 220
TOGATTGTGIGOGTACTGCTGCAAT AT TGT TAAGGTGAGT CTTGT AMACCT TCTTTTTACGT TTACTCTCGT GT TAAMAAT CTGAAT TCT TCTAGAGT TACTGATCTTC
TOGATTGTGIGOGTACTGCTGCAATATTGT TAAGGTGAGT CTTGT AMACCT TCTTTTTAGGT TTACTCTCGT GT TAAMAATCTGAAT TCT TCTAGAGT TQCTGATCTTC

I
TGGICTAA

TGGICTAA
TGGICTAA
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AKIDM%TKIAMIGU¥HATU{IGﬂCAM?ECﬂﬁAN¥ECKITK?%ON“CGNxImM]ﬁAUKEITKIIKHIETU{KKIKHTGRjTCW(AﬂT
10 20 30 40 50 60 70 80 90 100 110

ATGECAGAT TACAACSGETACTAT TACTGET TGAAGAGCT TAAAAAGCT CCT TGAACAATGGAACCTAGT AATAGGT TTACTATTACT TACATGAT TTGICT TCTACAAT T
ATGECAGAT TACAACSGETACT AT TACTGET TGAAGAGRCT TAAAAAGCTCCT TGAACAATGEAACCTAGT AATAGGT TTACTATTACT TACATGAT TTGICT TCTACAAT T

TGIjAﬁIIﬁAONI%ADMIHTTTRH%ENV%WDwxﬂTANIIKlJLKiinHAWGIIﬁGU%LIHAGJIbIHIbKiJIGJ(inHIAOM%AU¥
120 130 140 150 160 170 180 190 200 210 220

TAOCTATGCAACAGAATAGGT TTTTGTATATAATTAAGT TAATTTTGCTCTGCTGT TATGIOCAGTAACT TTAGCT TGI TTTGIGCT TACTGCTGT TTACAGRATAA
TAOCTATGCAACAGAATAGGT TTTTGTATATAATTAAGT TAATTTTACTCTGCTGI TATGIOCAGTAACT TTAGCT TGI TTTGIGCT TACTGCTGT TTACAGRATAA

ATTGATCNIISTGAAT TATATAIAATAICT TGICTTGTAGICT TGATGT G TCACTACT TCATTACTTCT TTCAGACTGT T TSI AJSIGT TACATGIG:
230 240 250 260 270 280 290 300 310 320 330

ATTGEATCACOSETIGAAT TACTATAECAATAT TG CT TGTAGECT TGATGIGECTCAGCTACT TCATTACT TCT TTCAGACTGI TTGIBOGTACIIGT TACATGI L
ATTGEATCACOEETIGAAT TACTATACAATAT TG CT TGTAGECT TGATGIGECTCACGCTACT TCATTACT TCT TTCAGACTGI TTGIBGTACIIGT TACATGI G

TCATTCAATACAGAAACT AACAT TCT TCTCAAQST GICACTACATGIACT AT TCTGNIAGNIICTTCT AAMGTGMCTAST AATAIAGCTGTGATACT TAST G
340 350 360 370 380 390 400 410 420 430 440

TCATTCAATCCAGAAACTAACAT TCT TCTCAACGTGOCACTCCATGECACT AT TCTGACCAGACOCT TCTAGAAAGT GAACTGGT AATCEACCTGI GATACT TAGT G
TCATTCAATCCAGAAACTAACAT TCT TCTCAACGT GOCACTCCATGECACT AT TCTGACCAGACOCT TCTAGAAAGT GAACTGETAATAEACCTGI GATACT TAGT G




AWGIIKJ“T](IHTC%CIIK7¥IHTACDNWMIﬁC%GADNrU¥HﬁﬁWEKTU“T?(E%CTTFW¥¥¥HTT(I%TTKI}¥HIHTGKTWKFJCKU¥¥(IICKU¥U

10 20 30 40 50 60 70 80 90 100 110

W I d ORF6 ATGITTCATCTGGT TGACT TTCAGGT TACTATACGCAGAGATAT TACTAAT TAT TATGAGGACT TTTAAAGT TTCCAT TTGGAATCT TGAT TACATCATAAACCTCATAAT
Vac ORF6 ATGITTCATCTGGET TGACT TTCAGGT TACTATACCAGAGATAT TACTAAT TAT TATGAGGACT TTTAAAGT TTACATTTGGAATCT TGAT TACATCATAAACCT CATAAT

TAAAANTrUﬂT]7¥K3T7K]7¥K]T¥K¥¥ﬂ7¥¥ﬂ7ﬂ7T]T7¥ﬂ77K?ﬂT¥¥K?KI]VKI]V“TI?K?HW(%JTAA
120 130 140 150 160 170 180

W d ORF6 TAAAAATTTATCTAAGTICACTAACTGAGAATAAATAT TCTCAAT TAGATGAAGAGCAACCAATGGAGATTGATTAA
Vac ORF6 TAAAAATTTATCTAAGTCACTAACTGAGAATAAATAT TCTCAAT TAGATGAAGAGCAACCAATGGAGATTGATTAA




AWGNwATWﬂTCIHICTKEDMHCAU¥{ﬁCKECU{TKHGMIHTUﬂfﬁCW{DNK%GKHCTU¥¥CGU¥ﬁﬁOMHﬁCIHIAANEAMITWIHCHT
10 20 30 40 50 60 70 80 90 100 110

W d ORF7a ATGAAAATTATTCTTTTCT TG3CACTGATAACACTGRCTACT TGITGAGCT T TATCACTACCAAGAGT GTGT TAGAGGTACAACAGTACT TTTAAAAGAACCT TACTCI TC
Vac ORF7a ATGAAAATTATTCITTTCT TGCACTGATAACACT GCTACT TGTGAGCT TTATCACTACCAAGAGT GI GT TAGAGGTACAACAGTACT TTTAAAAGAACCT TACTCT TC

'KI%ACKU¥I%G3IﬁATK](EKHTCKKIHCDMIHGKU¥(AANIIGJKTGNJIGQHIAG?KHCANIIGJIIKiJIbKLJbMIIIGU¥¢AOMI
120 130 140 150 160 170 180 190 200 210 220

W | d ORF7a TGEAACATACGAGE3CAAT TCACCAT TTCACCCTCTAGCTGATAACAAAT TTACACTGACT TRCT T TAGCACTCAAT TTGCT TTTGCT TATGCTGACB3OGTAAAACACC
Vac ORF7a TGGAACATACGAGIECAATTCACCAT T TCATCCTCTACGCTGATAACAAAT T TACACTGACT TACT TTAGCACTCAATTTGCT TTTGCT TG CCTGACEEOGT AAAACACC

TCUﬂTﬁCTDMI3TIIﬁGKKﬁCTTKF(IIAN¥]CHTCNKFCﬁON¥¥CGNMHTCNM¥¢CTTU¥]IHCC@AHIIICTU“TGTH3III¢¢JAGR3IIAWA
230 240 250 260 270 280 290 300 310 320 330

W I d ORF7a TCTATCAGI TAGGTGOCAGATCAGT TTCACCTAAACT G TCATCAGACAAGAGGAAGT TCAAGAACT TTACTCTCCAAT TTTTCT TATTGI TGOBECAATAGIGT TTATA
Vac ORF7a TCTATCAGI TACGTGOCAGATCAGT TTCACCTAAACTGI TCATCAGACAAGAGAAGT TCAAGAACT TTACTCTCCAATTTTTCT TAT TG TGOG3CAATAGIGT TTATA

. ___________________________________
ACACTTTGCTTCACACTCANAAGAANGACNAATGA

340 350 360

W d ORF7a ACACTTTGCTTCACACTCAAAAGAAAGACAGAATCGA
Vac ORF7a ACACTTTGCTTCACACTCAAAAGAAAGACAGAATGA




AJGATK¥ﬁFTﬂTﬁWDNﬂTCﬁCTKHﬁqTKHECII”IACDJHTCFIIATKIHTGIHIAATQ“CCTUﬂTﬁqCIHICETKjTﬁCTK¥ﬁ?RIFﬁGKK?

10 20 30 40 50 60 70 80 90 100 110

W d ORF7b ATGATTGAACTTTCATTAATTGACTTCTATTTGIGCTTTTTAGCCT TTCTGCTATTOCT TG TTTAATTATGCT TATTATCT TTTGST TCTCACT TGAACTGCAAGATCA
Vac ORF7b ATGATTGAACTTTCATTAATTGACTTCTATTTGIGCTTTTTAGOCT TTCTGCTATTOCT TG TTTAATTATGCT TATTATCT TTTGST TCTCACT TGAACTGCAAGATCA

|
TAAR3¥%CTKHCNIII?AA

120 130
W I d ORF7b TAATGAAACTTGICACCICTAA
Vac ORF7b TAATGAAACTTGICACCICTAA




ATGAAATITCIT GITT ICIT AGSQATCATCGCMCI' Gl AGLT GSATITCGCCMGQATGI' AGITT, ACAGI' CATGTACT! CMCA\TCMCCATATGI' AGITH GAT@CCCGI' C
10 20 30 40 50 60 70 80 90 100 110

W | d ORF8 ATGAAATTTCTTGITTTCT TAGGAATCATCACAACTGTAGCTGCAT T TCACCAAGAATGTAGCT TACAGT CATGT ACTCAACATCAACCATATGTAGT TGATGAGOTGI C
Vac ORF8 ATGAATTTCTTGITTTCI TAGAATCATCACAACTGTAGCTGCAT TTCACCAAGAATGTAGT TTACAGT CATGTACTCAACATCAACCATATGTAGT TGATGAOOTGT ¢

TG, A'I'I'Cégl'l' CTATTCI, ,IQAAT(IST ATA'IITAGAGT A(IBIO(IJT AGQAAA'II'@(IDA(ITI'I'II' AA'ITGQATI'IGT GG (BATIGOCIIJT QoI T gl' AAATCMII?ATI’CAGI' ACIG

120 130 140 150 160 170 180 190 200 210 220
Wi | d ORF8 TOCTATTCACT TCTATTCTAAATGGTATAT TAGAGTAGGAGCTAGAAAATCAGCACCT TTAATTGAAT TGTGOGTGEATGAGECTGGT TCTAAATCACCCAT TCAGTACA
Vac ORF8 TCGCTATTCACT TCTATTCTAAATGSETATAT TAGAGT AGGAGCTAGAAAATCAGCACCT TTAAT TGAAT TGT GOGT GGATGAGECTGSET TCTAAATCACCCAT TCAGTACA

TCISA\TATCGSI' AATI'ATACGGI'IT QCT GIT CACCITTT, ACQATI'AATI'G:DGCISMCCI' AAATI'CBSI' AGI' CITGTAGT G:GIT GIT CGI_I' CI, ATGAP@CITITI' A@C
230 240 250 260 270 280 290 300 310 320 330

W | d ORF8 TGGATATGEGTAATTATACAGT TTACTGI TCACCT TTTACAAT TAAT TAOCAGGAACCTAAAT TAGTAGT CT TGTAGTGOGT TG TGGT TCTATGAAGACT TTTTAGAC
Vac ORF8 TGGATATAGEGTAATTATACAGT TTACTGI TCACCTTT TACAAT TAAT TGOCAGAACCTAAAT TAGTAGI CTTGTAGI GG TG TGS TCTATGAAGACT TTTTAGAC

TATCA\TGGCIGIT GGG G.' 1 IAGATITICATCI' AA

340 350 360
W | d ORF8 TATCATGAGGT TGGTGITGI TTTAGATTTCATCTAA
Vac ORF8 TATCATGAGGITGGIGITGITTTAGATTTCATCTAA
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ATGICTGATAATGACIIAAATCNIIAMTCATIIIICAT TAQST TTAET GATICTCAGAT TCAACTGIAGT ANIAGATGAGMIIAGTGIIIIIIATC
10 20 30 40 50 60 70 80 90 100 110

ATGICTGATAATGGACOICAAAAT CAGTGAAAT GCACTOOECAT TAGGT TTGETGEACOCT CAGAT TCAACT GECAGT AACCAGAAT GAGAACECAGT GIEEEIATC
ATGICTGATAATGGACOOCAAAAT CAGTGAAAT GCACTOOBCAT TAGGT TTGETGEACOCT CAGAT TCAACT GECAGT AACCAGAAT GAGAACECAGT GBI ATC

AANwCWMIIG3IIIEWMIHTDMIIAADNﬂﬁCRIIHCTKIHTOMIECRJTﬁCKF%CNKIENMI¥AGMI]TAAATKIITG3¥I¥ON¥IIGTKI%F
120 130 140 150 160 170 180 190 200 210 220

AAAACAACGET CEE0CCAAGGT TTACCCAATAATACT GOGT CT TGSET TCACSECTCTCACT CAACATGECAAGEAAGACCT TAAAT TAOCTCGAGGACAAGEIGT TACAA
AAAACAACGET GEE0CCAAGGT TTACCCAATAATACT GOGT CT TGET TCACSECTCTCACT CAACATGECAAGEAAGACCT TAAAT TACCTCCAGGACAAGEIGT TACAA

. _________________________________________________________________________
TTAACACCAATACCAGT QCAGATGACANAT TASCTACT AGTAAGAGCTACAGAIAAT TAGTGST AT AT AMMATGAMAGATCTCAGTAANATASTATTTC

230 240 250 260 270 280 290 300 310 320 330
TTAACACCAAT AGCAGT CCAGACGACCAAAT TGECTACT ACCGAAGAGCT ACCAGACGAAT TAGT GSET GETGAOEGT AAAATGAAAGATCTCAGT CCAAGATGSTATTTC
TTAACACCAAT AGCAGT CCAGATGACCAAAT TAECTACT ACCGAAGAGCT ACCAGACGAAT TAGT GSET GETGAOGET AAAATGAAAGATCTCAGT CCAAGATGSTATTTC
. _________________________________________________________________________________________________
TACTAQCTASACTGIIAGACTAACT TAXCTATGST GCTAACAANGNIIATCATATG3ST TAAACTGASIAGICT TGAATACACCANNATCACATTG:

340 350 360 370 380 390 400 410 420 430 440

CAOEAATACTCCTAACAATGCTGAATAGTGCTACAACT TACTCAAGAACAACAT TG ICAAANGECT TCT A ACANG NI AGAGI IS I AGTCANIICTCTT
450 460 470 480 490 500 510 520 530 540 550

CACCOECAATACTGCTAACAATGCTGCAATAGET GCTACAACT TACTCAAGAACAACAT TGICAAAAGICT TCTACBCAGAAGEGAGCAGAGEIEICAGT CAACRCTCTT
CACCOECAATACTGCTAACAATGCTGCAATAGET GCTACAACT TACTCAAGEAACAACAT TGICAAAAGICT TCTACBCAGAAGEGAGCAGAGEEICAGT CAACCICTT
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780 790 800 810 820 830 840 850 860 870 880
GOCTAEECAAAAACGT ACTGOCACT AAAGCATACAAT GTAACACAAGCT T TGEECAGACGT GETCCAGAACAAACCCAAGGAAAT TT TGEEGACCAGGAACT AATCAGAC
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ANGAACTGATTACAAACAT TAIIIEAAATTGACAAT TTAIIIICAGICT TCAGIGT TCT TAXAAT GG AT TASATAANGTCACACT TASIAATGTG:
890 900 910 920 930 940 950 960 970 980 990
AMIAMHGKﬂﬁCN¥(KﬂCGIIDN¥WKIﬁO¥WﬂCGIIDMIECﬂCMIGﬂtTKIGNUGKIUIﬁTKIDMCENKIOM%GJTGEIAMEMI
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TK¥CCUK?OMIIGIIqON¥WRI¥qGMF%AGNKI%AKHTCQNK%WONKIPMIIKIIQNUAMIﬁmﬂTGMIIAU¥%$N¥%TK¥DMI?AOM¥
1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100

TTGACCTACACAGET GOCATCAAAT TGGATGACAAAGATCCAAAT T TCAAAGATCAAGT CATT T TACTGAATAAGCATAT TGACBCATACATAACAT TAOCACCAACAGA
TTGACCTACACAGET GOCATCAAAT TGGATGACAAAGATCCAAAT T TCAAAGATCAAGT CATT T TGCTGAATAAGCATAT TGACBCATACAAAACAT TAOCACCAACAGA

GIHAN¥Ag%ON¥AM?N3%GIIqﬂGN¥CKﬁﬁIITDMIGpK%GM%G¥GN%OMEM%CKHGM??HKTRIHGFKEM?UIW&KK%HIL’
1110 1120 1130 1140 1150 1160 1170 1180 1190 1200 1210

GOCTAAAAAGGACAAAAAGAAGAAGECTGATGAAACT CAAGCCT TACTECAGAGACAGAAGAAACACCAAACTGTGACT CT TCT TACTGCTGCAGAT TTGAATGAT TTCI
GOCTAAAAAGGACAAAAAGAAGAAGECTGATGAAACT CAAGCCT TACTECAGAGACAGAAGAAACACCAAACTGTGACT CT TCT TACTGCTACAGAT TTGAATGAT TTC

CCNN{ﬁATFIﬁﬁONﬂtpNK?CDMH?CKF{TON¥IOMIIIIAA
1220 1230 1240 1250 1260

CCAAACAAT TGCAACAATCCATGAGCAGT GCTGACTCAACTCAGICTAA
CCAAACAAT TRCAACAATCCATGAGCAGT GCTGACTCAACTCAGICTAA
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ATGICTATATAAACCT TT TACTTT TAOGT TTACGATATATAGT CTACT CTTGT GCAGAATGAATTCTCGT AACTACATAGCACANGTAGATGTAGT TAACT TTAATCT

10 20 30 40 50 60 70 80 90 100 110
W1 d ORF10 ATGEICTATATAAACGTTTTCRCTTTTAOGT TTACGATATATAGTCTACTCT TGTGOAGAATGAAT TCTAGT AACTACAT AGCACAAGTAGATGT AGT TAACT TTAATCT
Vac ORF10 ATGETATATAAACGTTTTORCTTTTOOGTTTACGATATATAGICTACTCT TGTGOAGAATGAAT TCTAGT AACTACAT AGCACAAGTAGATGT AGT TAACT TTAATCT

[
CACATAG

W d ORF10 CACATAG
Vac ORF10 CACATAG

Fig. S10. Nucleotidealignment of cold-adapted liveattenuated SARS-CoV-2 vaccinestrain. Full nucleotide sequences of cold-

adapted live attenuated SARS-CoV-2 vaccine strain (CoV-2-CNUHV 03-CA22°C) were aligned with that of wild-type SARS- CoV-2

(CoV-2-CNUHV03) using DNASTAR Lasergene.



EGSEG NCNLLE LCKEKMN N MADPKLNER Al | LASFSASTSARFVETWKE . DYKARKQ VESCANFKVTKGKAKKGAVIN GECKS) LSPL YAFASEAARWRS FSE
450 460 470 480 490 500 510 520 530 540 550
Wl d ORFlab EGGEANDONLLH LQKEKMN N MIDFKLNER Al | LASFSASTSARFVETVKA-DYKARKQ VESCANFKVTKAAKKGAVIN GHCKS LSPLYAFASEAARMVRS FS-

'I'LEI'AO\EVFM.Q(AN T L[IJ Q(SLF‘LI DN\/I\/I——I'SD_A'I'I\I\LVVI\AYI TGGNCLTSQNLTN FGTWEKLKP\/LDNLEEKFKEG/EFLRIB/EI VKFI STCACH \/
560 570 580 590 600 610 620 630 640 650 660
W1 d ORFlab TLETAONSVRACKAA Ti LDAd SQYSLRLI DAMFTSOLATNNLVWIVAYT TGOMQATSQALTN FGTVYEKLKPVLDW EEKFKEG/HEH RDG/AE VKH STCACH Vv




SEAVEAPLVGTPVAO NG MLLH KDTEKYCALAPNW/TNNTFTLKGEAPTKVIF DM THFELDER DKMLNEKCSAYTVH . GTEVNEFACOWADAM
780 790 800 810 820 830 840 850 860 870 880

Wl d ORFlab SEAVEAPLVGIPVAO NA-M.LE KDTEKYCALAPNMWINNTFTLKGGAPTKVTFAEDM EVQGYKSWN TFELDER DKMLNEKCSAYTVEL GTEVNEFACWADAM
Vac ORFlab SEAVEAPLMGTPVO NA-M.LH KDTEKYCALAPNMMW/TNNTFTLKGGAPTKVTFEDM EMQGYKSWN TFELDER DKMINEKCSAYTVELGTEVNEFACWADAM
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KAQVEEVTTTLEETKELTENLLLYI O NGN .HPOSATLVED D THKKDAPYI TAWM PTKKAGGT TEMLAKAL RKV
1220 1230 1240 1250 1260 1270 1280 1290 1300 1310 1320
Wl d ORFlab VKPH TESKPSVEQRKIDKK KACVEEVTTTLEETKFLTENLLLY! O NG\LHPDEATLVSD O TRLKKDAPY! VADWEGATAWM PTKKAGGT TEMLAKALRKV

Vac ORFlab WKPA TESKPSVEQRKQOKKI KACVEEVTTTLEETKALTENLLLY! O NG\LHPDEATLVSD O TALKKDAPY! VADWEGATAWM PTKKAGGT TEMLAKALRKV
|
PTONYI TTYPGE NGYTVEEAKTVLKKCKSARYT LPS | SNEKCH LGTVOWNL REMAHAEE TRLMPVVETKAL VSTI CRKYKG K CEOAVDYGARFYFYTSKTT

1330 1340 1350 1360 1370 1380 1390 1400 1410 1420 1430
W1 d ORFlab PTDNYI TTYPGQEANGYTVEEAKTVLKKCKSAFY! LPS | SNEK(H LGTVSINLREMLAHAEETRLMPVOVETKA VST (RKYKQG KI CEGADYGARFYRYTSKTT

VASL| NTLNCLNETLVIMPLGYWTHE. N EEAARYMRSL KVPATVSVSSPDAVTAYNGYL TSSSKTPEEHH ETI A BHLKREKSVYYTSN
1440 1450 1460 1470 1480 1490 1500 1510 1520 1530 1540
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1550 1560 1570 1580 1590 1600 1610 1620 1630 1640 1650

Wl d ORFlab PTTHH.DEM TFONLKTLLSLREVRIT KVFTTVDON NLHTQA/GVEM YGXFEPTYFDGADVTKI KPHNSHEGKTFYWLPNCDTLRVEAFEYYHT TDPSHLGRYMBAL
Vac ORFlab PTTFH.DEEM TFONLKTLLSLREVRIT KVFTTVEN NLHTQADVEM YGFEPTYFDGADVTKI KPHNSHEGKTRFYWLPNCDTLRVEAFEYYHT TDPSHLGRYMBAL
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1660 1670 1680 1690 1700 1710 1720 1730 1740 1750 1760

W1l d ORFlab NHTKKVKYPONGTS KWADNNCYLATALLTLQQ B KFNPPALCDAYYRARAGEAANFCAL I LAYONKTVAEE OVRETVEYL FCHANL DESCKRNWWCKTG3 0T
Vac ORFlab NHTKKVKYPONATS KWADNNCYLATALLTLQQR H-KANPPALCDAYYRARAGEAANFCAL I LAYONKTVAEE @VRETMEYL FCHANL DECKRNWWCKTG3 T

TLKOVEAVWMSTL PCTAXKATKYL KHGTFTCASEY TGN TSKETLYA DCALL TKSSEYKE TDVEYKE
1770 1780 1790 1800 1810 1820 1830 1840 1850 1860 1870

Wl d ORFlab TLKGVEAMWMGTLSYEQFKKGAQ] PCTAKATKYLVQESPRVYMVEAPPAQYEKHGTFTCASEYTANYQOGHYKH TSKETLYA DGALLTKSSEYK@A TDVFYKE
Vac ORFlab TLKGVEAMWMGILSYEQFKKGAQ] PCTAKATKYLVQESPFVYMVEAPPAQVEKHGTFTCASEYTANYQOGHYKH TSKETLYA DGALLTKSSEYK@A TDVFYKE

NSYTTTI KP}/'I'YKL[IN\CITEI D:’KLD\N?{KKD\SYI——I'EICH D_VPI\CPIYPSAS:D\FNI:\KD\I N:ADIJ_I\D_TGYNQIDAS;ELIQHFFPEU\G)NNI DYKHYTPSF|I<
1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980

W1 d ORFlab NSYTTTI KPVTYKLDOACTH CPKLONYYKKDNSYFTEQH DLVPNPYPSASFDNAKRVCEN KFACDLNQL TGYKKPASRELKVTHFPELNGDWAI DYKHYTPSHK
Vac ORFlab NSYTTTI KPVTYKLDOACTH CPKLDONYYKKDNSYFTEQP DLVPNPYPNASFDNAKRVCEN KFACDLNQL TGYKKPASRELKVTHFPELNGDWAI DYKHYTPSHK

KGAKI_LI-KF’lI \/\N-}\A\I\A1'I\I|<ATYI<PI\ITW]| F(]_V$H<P\/IETS|\BFDA_KISED°(B\D\L'IACH1KP\/SEIIE\NE\PH O(IID\A_EG\MQ'I'IIE\NG] I LKP,IN\I\ELKI TEE\II
1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090

W1l d ORFlab KGAKLLHKPI WAAVINNATNKATYKPNTV ROV TKPVETSNSFDV KSERDAQGVENACHDL KPVSEREWENPTI KDULECNWKTTEWAD | LKPANNSLKI TEEV
Vac ORFlab KGAKLLHKP WHVINNATNKATYKPNTVI ROV TKPVETSNSFDVL KSERAQAGVDNLACHDL KPVSEEWENPTT KDULECNWKTTEWA | LKPANNSLKI TEEV

GHTDLMAAYVENSS T KKPNEL SRVL G KTLATHI AAVINSVADTT ANYAKPRLINVWSTTTN VTR NRVCTNYMPYFFTLLLQL CTFTRSTNSR KASMPTTI AK
2100 2110 2120 2130 2140 2150 2160 2170 2180 2190 2200
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W1 d ORFlab NI'VKSVGKFOLEASFNYLKSPNFSKLI N | 1 WALLLSVAL.GELI YSTAALGAVENLGWPSYCTGYREGYLNSTNVTI ATYCTGS PCSVALSA.CELDTYPSLENI Q T
Vac ORFlab NIVKSVGKFOLEASFNYLKSPNFSKLI N | WALLLSVAL.GELI YSTAALGAVENLGWSYCTGYREGYLNSTNVTI ATYCTGS PCSVALSA.CALDTYPSLENI Q T
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2320 2330 2340 2350 2360 2370 2380 2390 2400 2410 2420

W1l d ORFlab | SSFKWILTAFA.VABWALAY! LFTRFFYWLA_AA MLFFSYFAVHH SNSWMAZL | NLAQVAR SAMARWYT FRFASFYYWHKSYVHWDGONSSTAOWCYKRNRATF
Vac ORFlab | SSFKWILTAFA.VAEWAAY! LFTRFFYWLAAA MQLAFSYFAVHA SNSWMALT T NEMQVARE SAMARW FFASFYYWWKSYVHWIDGEONSSTAMMEYKR\RATR

2430 2440 2450 2460 2470 2480 2490 2500 2510 2520 2530

Wl d ORFlab VECTTI WO/RRSFYWYANGHECKLHNWINONCDTFCAGSTH SCEVARDLS (FKRP NPTDCBSY! VESVTVKNGS HYFEKAGKTYERHSLSHRVINLDONLRAN
Vac ORFlab VECTTI WORRSFYVYANGEHKEKLHNWRCUNCDTRFCAGSTH SCEVARDLSL(FKRPI NPTDOBSY! VDSVTVKNGS HYFDKAGKTYERHSLSHRVINLDONLRAN

NTKGELP N VEDEKSK LLL VIOVEEAEVAVKMEDAYWNTESSTHNVPMEKL KTL VATAEAH_ AKNVSLONMLSTH :
2540 2550 2560 2570 2580 2590 2600 2610 2620 2630 2640
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FVIZSDJEI'I@NEG.N.SI—FSD MWWW@O DCSARH II\IAQ/AKS-N :IALI VN/I<D:|\/IISI_SEQ_H<Q II"-SAN«N\LPII:KLTCATI'R)I/
2650 2660 2670 2680 2690 2700 2710 2720 2730 2740 2750

Wl d ORFlab FVDEDVETKDWECQLKLSHED EVTASONNYM TYNKVENVIPROLGAO DCSARH NAQVAKSHN AL VIWKDRAVEL SECPRKQ RSAAKKNNLPRKLTCATTRQY
Vac ORFlab FVDEDVETKDWECQLKLSHED EVTASONNYM TYNKVENVIPROLGAO DCSARH NAQVAKSHN AL VIWKDAVEL SEQLRKQ RSAAKKNNLPFKLTCATTRQY
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BEVAAWPAE PG LRTTNGHLHH PRESAVEN CYTPSKLI EYTDFATSACVLAAECTT FKDASCKPVPYCYDINWLEGBVAYES. RPDTRYMLMDE |
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3090 3100 3110 3120 3130 3140 3150 3160 3170 3180 3190

W1l d ORFlab NILLALMGFTVLALTPVYSHLPGYYSV YLYLTRFYLTNOVSFLAH QAMMFTPLVPRWTT AYT | A STKHRYWFFSNYLKRRWING/SFSTREEAAL CTRLLNKBWY
Vac ORFlab NILLALMSFTVLA-TPVYSALPG/YSV YLYLTRYLTNDVSFLAH QAMMFTPLVPRWTI AYT | A STKHRYWFFSNYLKRRWING/SFSTREEAAL CTFLLNKBWY

LKLFGD/LLPLTO(I\RYLN.YN(YKYFSGN\DIT SYHEAACI]—LN(N_I\D:S\BCHD\A_Y(PPOT S TSAM_CBG:HQ\M:PSGQ/EGJ\ADN CGITI'LI\G_V‘LDD\NY
3200 3210 3220 3230 3240 3250 3260 3270 3280 3290 3300

W1l d ORFlab LKLRSDVLLPLTQYNRYLAL YNKYKYFSGAMDT TSYREAACCH AKAL NCFSNSGEDWL YQPPQTS TSAVL (BEFRIVAFPSEKVEGOWQVTGGT TTLNA-W.EDWY
Vac ORFlab LKLRSDVLLPLTQYNRYLALYNKYKYFSGAMDT TSYREAACCH AKAL NCFSNSGEDWLYQPPQTS TSAVL (BEFRIVAFPSEKVEGOWQVTGGT TTLNA-W.EDWY

CPRM CTSEDMNPNYEDL LI RKSNHNFL RV KLKVDTANPKTPKYKFVR KGEHLNGSOE
3310 3320 3330 3340 3350 3360 3370 3380 3390 3400 3410

Wl d ORFlab CPR-M CTSEDM-NPNYEDLLI RKSNHNFLVQAGNVQL RV GHSMINOVLKLKVOTANPKTPKYKFVR (PGIMTFSVLACYNGEPSGVYQCAMRPINFTT KGEFLNGSOGE
Vac ORFlab CPR-M CTSEDM-NPNYEDLLI RKSNHNFLVQAGNVQL RV GHSMINOVLKLKVOTANPKTPKYKFVR (PGIMTFSVLACYNGEPSGVYQCAMRPINFTT KGBFLNGSOGE

V&N D{[I}I/S:CM\/I-I-I\IEI_PTGA-IAGI'DI_EG\FYG:’FVI;]@T AOMGI'IID'I'I'I TVI\M_A\INLYAAVI WWWVWTCD—W LG:‘LSAOIT
3420 3430 3440 3450 3460 3470 3480 3490 3500 3510 3520

Wl d ORFlab VGAN DYDOVSFCYM-HVELPTOHAGITLEGNFYGPRVERQTAQAAGTDITI TNWVLAWLYAAM NERWALNRFTTTLNDANL VAMKYNYEPLTCQDHVD LAPLSAQT
Vac ORFlab VG DYDOVSFCYM-HVELPTOMHAGITLEGNFYGPRVERQTAQAAGIDITI TNVLAVWLYAAM NERWALNRFTTTLNDANL VAMKYNYEPLTCQEHVD LAPLSAQT

a AVLOMCASL KH L LGALL VKRT KGHHALLT LTSLM FHEEL YBENAHL PEAME | AVBAFAMMAVK
3530 3540 3550 3560 3570 3580 3590 3600 3610 3620 3630

|
| &
: 24
=
:
33
H B
|
: %
|5
= i3
22

3640 3650 3660 3670 3680 3690 3700 3710 3720 3730 3740

Wl d ORFlab HHARLA-ALPSLATVAYANWYMPASWMR MW.OW TSLSGKLKDOUWYASAWA LI LMTARTVYDDGARRAWTLMNWL TLVYKVYYGNALDQA SWARLIT | Sv
Vac ORFlab HHARLA-ALLPSLATVAYANWYMPASWMR MWDV TSLSGKLKDOUWYASAWA LI LMTARTVYDDGARRAWTLMNWVL TLVYKVYYGNALDQA SWARLIT | Sv
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OEAYEOAVN\GZSBALNQNG_M/NGE:D@N\D?QWWO\M(@FGEXRNM SN\DTI\LF'I'I\LHQ_D\DN_I\N I I\NAHII,\/PLN I PLTI'AAKL
3970 3980 3990 4000 4010 4020 4030 4040 4050 4060 4070

Wl d ORFlab (EAYEQAVANIDEEWLKKLKKSLNVAKSEH-DRDAAMRKL BKIVADQAMT QWK QARSEDKRAKVTSAMITMLF TMLRKLONDALNN | NNARDBOVPLN | PLTTAAKL
Vac ORFlab (EAYEQRVANDEEWLKKLKKSLNVAKSH-DRDAAMRKL BKIVADQAMT QUWKQARSEDKRAKVTSAMITMLF TMLRKLONDAL NN | NNARDBOVPLN | PLTTAAKL

MM PDYNTYKNTCDGI TFTYASAL VA SH SMONSPNLAWAL T VTAL RANSAVKL SPVAL ACTCONALAYYNT TKGR-
4080 4090 4100 4110 4120 4130 4140 4150 4160 4170 4180

W1l d ORFlab MM PDYNTYKNTCDGI TFTYASALVA QRAVDADSK MQLSH SMONSPNLAVALT VTAL RANSAVKL QNNELSPVAL ROVBCAAGT TQTACTDENALAYYNT TKGERF
Vac ORFlab MM PDYNTYKNTCDGITFTYASALVA QRADADSK MQLSH SMONSPNLAVALT VTAL RANSAVKL QNNELSPVAL ROVBCAAGT TQTACTDENALAYYNT TKGERF

MLALLSL (DL KWARFPKSDGI G YTH EPPCREVTDTPKEPKWKYL YH KENNLNRGWALGHLAATVRL \TEVPANSTM. SFCAFAVDAAKA
4190 4200 4210 4220 4230 4240 4250 4260 4270 4280 4290

Wl d ORFlab VMALLSDLQPLKWARFPKSDGTGI YTH-BPPCRAVTDTPKEPKVKYL YA KA-NNLNRGWALGELAATVRL QAGNATEVPANSTVL SFCAFAVDAAKAYKDYLASGI F
Vac ORFlab MALLSDLQ@PLKWARFPKSDGTGI YTH-EPPCRAVTDIPKEPKVKYL YA KA-NNLNRGWALGELAATVRLQAGNATEVPANSTVL SFCAFAVDAAKAYKDYLASGI F

4300 4310 4320 4330 4340 4350 4360 4370 4380 4390 4400

W1l d ORFlab | TNCWM.CTHTGTGAN TVTPEANVDESFGGASAOLYARCH DHPNPKGFCDLKAKYMQ PTTCANCPVG- TLKNIVCTMOAWKGYGCSDQ REPMLCBADACEHL
Vac ORFlab | TNOWM.CTHTGIGA TVTPEANVDESFGGASAOLYARCH DHPNPKGFCELKAGKYWMQ PTTCANCPVG TLKNIVCTMOAWKGYGCSDQ REPMLCBADACEAL

NRVOGV/SAARL TPAGTGTSTDWYRAFD YNCKVAGEAKHL | DSYEWWKRHTES\ YNL_LKDCPAVAKHDFRKFR DAOWPH
4410 4420 4430 4440 4450 4460 4470 4480 4490 4500 4510

W1l d ORFlab NRVGG/SAARLTPGGIGTSTDWYRAFD YNCKVAGFAKFLKTNCCRFEKDECDONL I DSYRPWKRHTFSNYQHEETT YNLLKDOPAVAKHDHRKFR DAOWPH SRR
Vac ORFlab NRVOG/SAARLTPGGIGTSTDWYRAFD YNCKVAGFAKFLKTNCCRAFEKDECDNL I DSYRPWKRHTFSNYQHEETT YNLLKDOPAVAKHDHRKFR DAOWPH SRR

LﬂNﬂ\mD_\I/YAI_H-FEEGI\UDTLKEI LV]'YI\[IDI){FII\N@VD:VEII\PD LF\’\/YN\II_(E-'\\/I@N_LIFI'VQ:GDN\/RI\PG \G/L'I'LI?\CELI\G\RYIIZFGTI OITPIC
4520 4530 4540 4550 4560 4570 4580 4590 4600 4610 4620

Wl d ORFlab LTKYTMACLVYALRHFDEGNODTLKE LVTYNOCCEDYRNKKDAYCRVENPD LRVYAN.CERVRQALLKTVFCDAMRNAG VO TLENCLNANRYCFAH QI TPC
Vac ORFlab LTKYTMACLVYALRHFDEGNODTLKH LVTYNCCCEDYRNKKDAYCFVENPD LRYYAN.CERVRQALLKMFCDAMRNAG VO TLENCELNGNWEFGEDH QI TPC




SG/P\MZSYYSLLI\/H LTLTRN_TAESI-P\DI'D_TKPYI KV‘Z]_LKYD:TEEH_N_FD?YFKWVDTYI-H\L\/NC]_D]{] LI-DN\FI\M_FST\/FPPT SFG3|_\R<I F\m
4630 4640 4650 4660 4670 4680 4690 4700 4710 4720 4730

Wl d ORFlab SG/PWDSYYSLLMP LTLTRALTAESHVDITCLTKPY! KWILLKYDEFTEER-KLFDRYRKYWIDOT YHPNOUNCLCORO LHCANANVLFSTVRPPTSFAPLVRKE FVDGY
Vac ORFlab SG/PWDSYYSLLMA LTLTRALTAESHVDIDLTKPY! KWILLKYDFTEER-KLFERYRKYWDOT YHPNCUNCLEDRO LHCANANVLFSTVRPPTSFAPLVRK FVDGY

PPWSTGYHREL HSSRLSFKHELLVYAADPAMHAASGNL L L DKRTTAFSVAAL TN\W/ AVSKAFKEGSSVH KHH
4740 4750 4760 4770 4780 4790 4800 4810 4820 4830 4840

Wld ORFlab PRWSTGYH-RELGAHNDWNLHSSRLSFKHE L VYAADPAMHAASGNL L L DKRT TAFSVAAL TNN\WVARQNVKPGSANKDF YDFAVSKAFKEGSSVELKHAFFACDGNR
Vac ORFlab PRWSTGH-RELOAMHNDWNLHSSRLSFKHE LVYAACPAMHAASGNL L L DKRT TAFSVAAL TNNWVARQNVKPANFNKDF YDFAVSKAAFKEGSSVELKHAFFACDG\R

A SOYDYYRYN_.PTMID RQ LEWEBEWEKYFDCYDEX WINNL DKSAGFPENVWKARL FAYTKRWM PTI T KYA SAKNRARTVA
4850 4860 4870 4880 4890 4900 4910 4920 4930 4940 4950

Wl d ORFlab A SDYDYYRYN.PTMID RQLLAWEWEKYFDCYDG3D NANQ VINNLDKSAGRPANKVAKARL YYEEVEYED(DAL FAYTKRWM  PTT TQMNLKYAl SAKNRARTVA
Vac ORFlab A SDYDYYRYN.PTMID RQLAWEWEKYFDCYDG3D NANQ VINNLDKSAGAPANKVAKARL YYEEVEYED(DAL FAYTKRWM  PTT TQMNLKYAl SAKNRARTVA

4960 4970 4980 4990 5000 5010 5020 5030 5040 5050 5060

Wl d ORFlab G/S CSTMINREFHKLLKS AATRGATWI GI'SKFYGAMNMLKTVYSDVENPH-MBADYPKCCRAMPNVMLR VASLMLARKHT TACS SHRFYRLANECAQLSEMA
Vac ORFlab G/S CSTMINREFHKLLKS AATRGATWI GI'SKFYGAMNMLKTVYSDVENPH-MBADYPKCCRAMPNMLR MASLMLARKHT TACSL SHREYRLANECAQULSEMA

5070 5080 5090 5100 5110 5120 5130 5140 5150 5160 5170

W1l d ORFlab G3ELYWKPGGISSEATTAYANSVFN CAVTANVINALLSTDG\KI ADKYVRNLCHRLYEQL YRNFDVOTDPVINERYAYL RKHFSWM LSCDAAVOANSTYAS(A VAS
Vac ORFlab GEEELYWVKPGGETSS@ATTAYANSVEN CAVTANVNALLSTDANKI ADKYVRNLCHRLYEQL YRNFDVOTDPWINERYAYL RKHFSWM LSCDAVWORNSTYASQE VAS

| KNFKSVLY Y ONETDLTK VK PYPLCPSR LGAGTFVDD WKITDGILM ERFVSLA DAYPL ADVEH_YL
5180 5190 5200 5210 5220 5230 5240 5250 5260 5270 5280

Wl d ORFlab | KNFKSWLYYQN\WWRVBEAKONTETDL TKGPHEFCSCHIM VKQAEDYWYLPYPDPSR LGAGRVED WKTDGTLM ERAVSLAI DAYPL TKHPNCEYADVFHL YL
Vac ORFlab
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5290 5300 5310 5320 5330 5340 5350 5360 5370 5380 5390

Wl d ORFlab RKLHDE TGHVLOWSWMLTNDNTSRWEPERYEAWY TPHTWLQAVGACVLONSQISLRCGAA RRPALACKACYDHM STSHKLVLSVINPYWONAPGDVTDVTQLYLC
Vac ORFlab R<LHDE TGHMLOWSWWLTNDNTSRYWEPERYEAWY TPHTWLQAVGACVLONSQISLRCGAA RRPALACKACYDHM STSHKLVLSVINPYWONAPGDVTDVTQLYLC




GVBYYCKS!—II<PP| SIZH_CNI\[DA:G_YN\IITC,\KH]\VTDIZI\N ATCD/WI\IGCDYI LN\II'ICI'EH_N_FANIEI'LKAEI'FKLSYG AT\RI':VLSI]QELI-LISJEVG@HDHI_
5400 5410 5420 5430 5440 5450 5460 5470 5480 5490 5500

W1l d ORFlab GWBYYOKSHKPP SFPLCANGQ/FAYKNTCVGEDNVTEANAI ATCDAINAGDY! LANTCTERLKLFAAETLKATEETFKLSYA ATVREVLSDRELH . SWEVAPRPPL
Vac ORFlab QWBYYOSHPP SFPLCANGQVFAYKNTCVGEDNVTEANAL ATCDAIMNAGDY! LANTCTERLKLFAAETLKATEETFKLSYAG ATVREVLSDRELH - SWAVGPRPPL

5510 5520 5530 5540 5550 5560 5570 5580 5590 5600 5610

Wl d ORFlab NRNYWFTGYRVTKNSKMQ GEYTFEK@OYAAWYRGT TTYKLNVEDYRL TSHIMMPLSAPTLVPCEHYWVR TALYPTLN SCEFSSNWVANYCKVAMKYSTLQEPPGT
Vac ORFlab NR\WYWFTGYRVTKNSKMQ GEYTFEKE@OY@AAWYRGT TTYKLNVEDYRL TSHIMMPLSAPTLVPCEHYWVR TALYPTLN SCEFSSNWVANYCKVAMKYSTFQEPPGT

&KSHA GL,IALYYPSAR V?(TACS!—IQAVDIN_CEKALKYLH CKCR | P,IARAR/EG:DQIZIQ/I\SFLEO(}/FCTVI\N_PEIITAD V\/F[ZEII SI\/ATI\MZLS\IM\MRNQ-IIY
5620 5630 5640 5650 5660 5670 5680 5690 5700 5710 5720

Wl d ORFlab G<SHA QALYYPSAR VWWTACSHAAVDAL CEKALKYLPI DKCSR | PARARVECFDKFKWINSTLEQWFCTWNALPETTAD WHEH SVATNYCLSVWINARLRAKHY
Vac ORFlab G<SHA QALYYPSAR WTACSHAAVDALCEKALKYLPI DKCSR | PARARVECFDKFKWINSTLEQWFCTWNALPETTAD WHEH SVATNYCLSVWINARLRAKHY

5730 5740 5750 5760 5770 5780 5790 5800 5810 5820 5830

Wl d ORFlab W @PAQPAPRILLTKGILEPEYANSVCRLNKTI GPEMALGTCRRCPAE VDTVSAL VYDINKL KAHKDKSAQOFKMFYKGA THDVSSAI NRPQ GAREFLTR\PAY
Vac ORFlab WY @PAQPAPRILLTKGILEPEYRNSVCRINKTI GPOMALGTCRRCPAE VDTVSAL VYDINKLKAHKDKSAQUFKMFYKGA THDVSSAI NRPQ GAREFLTR\PAY

RKAVH SPYII\BO\AVASQAI_G_F’I'OT\AZS‘ISQEEYIW IIZTOITEI' N—BIG\M\HZI\MN TRAKVG LA II\ASIJQJ_YDQ_QTI' S H PH:JI\}\/ATLONEI\VII' G_FKII'SK\/II
5840 5850 5860 5870 5880 5890 5900 5910 5920 5930 5940

W1l d ORFlab RKAVH SPYNSCNAVASKMLAPTQINVOSSQGEEYDYM FTQITETAHSONWNRANWAI TRAKMA LA MBCRELYEKLGFTSLH PRRWATLQAENVTA-FKDCSKM
Vac ORFlab R<KAVH SPYNSQNAVASKI LA-PTQNVESSQGESEYDYM FTQITETAHSONVINRANWVAL TRAKMA LA MBDROLYEKLQGFTSLH PRRWATLQABNVTA-FKDCSKM

T HPT SVOTKEKTEE OVD PA PKDVIYRRLI SMMEFFKIMNY( TREEA RRMVRAW G-DVEGCHATREAVGINL PL Q) G-STONLVAVPTGYV
5950 5960 5970 5980 5990 6000 6010 6020 6030 6040 6050
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6060 6070 6080 6090 6100 6110 6120 6130 6140 6150 6160

Wl d ORFlab DIPNNTDFSRVSAKPPPARKHLI PLMYKA-PWAWWR KI VAMLSDTLKNLSECRAVAVLVWHEFE TSWKYRWKI GPERTCOLCRRATGFSTASDTYAONHS GFDY
Vac ORFlab DIPNNTDFSRVSAKPPPARKHLI PLMYKA-PWAWWR KI VAMLSDTLKNLSECRAWVAVLVWHEFE TSWKYRWKI GPERTCOLCRRATGFSTASDTYAONHS GFDY



VYIN\PEM WG\LCSI\I—D.YCDA—G\N—VASCDN I\/I'FCLA\A—EC]:\/KR\DM EYPl I GZELKI I\NCR(\/(}MM(AN.LAD@P\/LI-D G\PKN KC\/PO“E
6170 6180 6190 6200 6210 6220 6230 6240 6250 6260 6270

Wl d ORFlab VYNPAM DVQQAG-TANLCQENHEL YOQUHANAHVASCDAl MTROLAVHECRVKRVDWIT EYP! | 2EKI NAACRKMCHWAKAAL L ACKFPMLHD GN\PKAI KOVPQAL
Vac ORFlab VYNPAM DVQQME-TAN-CENHDL YOQUHANAHVASCDA MTROLAVHECFVKRVDTT EYP! | 2K NAACRKMHWAKAAL LACKFPVLHD G\PKAI KOVPQAL

YK BEHL FYSYATHSOKF TDOVAL FVINONVERYPANS VCRFEDTRVLSNLNL PGIDGEEL YWNKHARHTPAFDKSAFWVINL KQL PEFYYSDEPCES-
6280 6290 6300 6310 6320 6330 6340 6350 6360 6370 6380

Wl d ORFlab VBVWKFYDACPCSIKAYKI ERFYSYATHSDKFTDOVAL FVINCNVERYPANS VARFDTRVLSNLNL PGCDGEE. YWNKHARHTPAFDKSARVNLKQLPFFYYSDSPCES-
Vac ORFlab VEWKFYDAQPCSIKAYKI ERLFYSYATHSDKFTDOVOLFVINCNVERYPANS VCRFDTRVLSNLNL PGCDGEEL YWNKHARHTPAFDKSARWNLKQLPFFYYSDSPCES-

& DYVPLKSATA TRON.GCAVCRHHANEYRL YL DAYNWM SAGFSLVW/YKI VINTFTRLCHL ENVAFNVWINK [ NNTVYTKVDGY
6390 6400 6410 6420 6430 6440 6450 6460 6470 6480 6490

Wl d ORFlab GQASD DYVPLKSATA TRONLGCAVCRHHANEYRLYLDAYNWM SAGFSLW/YKQFDTYNLVINTF TRLCEL ENVARNVWINKGHFDGEEVPVS | NNTWVYTKVDGY
Vac ORFlab G<QASD DYVPLKSATA TRONLGCAVCRHHANEYRLYLDAYNWM SAGFSLW/YKQFDTYNLVINTF TRLCQEL ENVARNVWINKGHFDGEEVPVS | NNTVYTKVDGY

6500 6510 6520 6530 6540 6550 6560 6570 6580 6590 6600

Wl d ORFlab DVELFENKTTLPNWWAFELVWAKRN KPVPEWKT LNNLGY/OI AANTMV VIDYKRDAPAH ST1 G/CSMIDI AKKPTETT CAPL TVRFDARVDGVELFRNARNGALT TEGSV
Vac ORFlab DvELFENKTTLPNWVAFELVWAKRN KPVPEWKI LNNLGY/O AANTMV VIDYKRDAPAH ST1 G/CSMIDI AKKPTETT CAPL TVFFDARVDGVELFRNARNGALT TEGSV

KA. NOVTLI GEAVKT PETYFTH DA H AMDEH ERYKLEGYAFEH VYA R GAHLI QAR
6610 6620 6630 6640 6650 6660 6670 6680 6690 6700 6710

Wl d ORFlab KA-QPSVEPKQASINGV/TLI GEAKTCHNYYKKVDOMIQPETYFTCBRN.CEH-KPRSOME DFLEAMPEH ERYKLEGYAFEH VWAEDFSHSQLGA HLI G AKRF
Vac ORFlab KA-QPSVEPKQASLNGVTLI GEAVKTCHNYYKKVDOMYQPETYFT(BRN-.(E-KPRSOME DFLEAMDEH ERYKLEGYAFEH WAEFSHSQLGAH LI G AKRF

KESPFH_EDOH PMOSTWKNYH GEHKOVCM OLLLDDAVH | SWSKWKVTI DYTH SEM.WKDAMETFYPKL AMPNL
6720 6730 6740 6750 6760 6770 6780 6790 6800 6810 6820

Wl d ORFlab KESPFEH.EDH PMDSTWKNYH TDAQIGSSKOVCSM CLLLEDRAVE | KSCELSWSKWAKVTI DYTH SFMAVWKDGVETFYPKL QBSQAVIPGVAMPNL YKMRMLL
Vac ORFlab KESPFEH.EDH PMDSTWKNYH TDAQIGSSKOVCSM CLLLEDRVE | KSCELSWSKWAKVTI DYTH SFMAVWKDGVETFYPKLQBSQAVIPGVAMPNL YKMRMLL
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6830 6840 6850 6860 6870 6880 6890 6900 6910 6920 6930



. _______________________________________________________________________________________________
DPKTKNVTKENDEKEGHF TY1 QH QLKLALGEEVA K TEHSNADL YKL MEHFAWTARVTNVINASSSEARL T GINYLGRPREQ) DGAVMEANYT FVIRNTINA QL S5
6940 6950 6960 6970 6980 6990 7000 7010 7020 7030 7040

Wl d ORFlab DPKTKNVTKENDSKEGHTY! GH QCKLALGESVAI KI TEHBVWNADL YKLMEHFAWTARVTNWINASSSEAAL T GONYLGPREQ DGVMHANY! FARNTNAL QLCSY
Vac ORFlab [PKTKNVTKENDSKEGHTY G3H QRKLALGGEVAI KI TEHSVINADL YKLMEHFAWTARVTINWNASSSEARL T GONYLGPREQ DGYVMHANY! FRNTINAL QLSSY

. ___________________________________|
SLAOVEKFPLKL RGTAWELKEG) NOM LSLLSKARLT | FENNRWE SSDULWINN

7050 7060 7070 7080 7090

Wl d ORFlab S FOVBKFPLKLRGTAVMPLKEGR]) NOM LSLLSKGRLI | RENNRWM SSDUM\N
Vac ORFlab S FOVBKFPLKLRGTAVWELKEGRD) NDM LSLLSKAERL | RENNRW SSDUWNN




WIlid S
Vac S

WIlid S
Vac S

WIlid S
Vac S

WIlid S
Vac S

WIlid S
Vac S

WIlid S
Vac S

WIlid S
Vac S
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10 20 30 40 50 60 70 80 90 100 110
MAVFLMLLPLVSSQONL TTRTQLPPAY TNSF TROVYAPDKVFRSSVLHSTQOL HLPHFSNVTVWAHAL HVSGINGTKRF-ENPVLPSNDGYFAS GKSN | RAVFGTTL
MAVFLMLLPLVSSQOINL TTRTQLPPAY TNSF TROVYYPDKVFRSSVLHSTQOL HLPHFSNVTVWAHAL HVSGINGTKRF-DNPVLPFNDGYFAS BKSN | RAWVFGITTL
|
D}GEEUJ\ﬁhWﬂWAAK¥QQZI£LQBQI%NW+¢AK MDLECK REFVEKN DGYFK] YSKHTPL NLVRDL

120 130 140 150 160 170 180 190 200 210 220

CaKTCELLT VNNATNWM KVCEFCFONDPHLGVY YHKINNKGWVESEFRVY SSANNCTRFEYVSCPHLMEL EGKQEKFKNLREFVRKNE DGYFKI YSKHTPE NAVROLPQG-
CaKTCELLT VNNATNWM KVCEFCFONDPHLGVY YHKINNKSYWESHFRVY SSANNCTREYVSPHLMEL EGKQAKFKNLREFVRKNE DGYRKI YSKHTPE NLVRDLPQG-

SMEHAELH(JN'ﬁ¥{ﬁujlHQQLHXIESKNWM¥ﬁAYﬂK}LOWHFLUQ%EV]1TDNAI%LD%EEH«HLNﬁWVENEYOE%H%KPHEJM4¥
230 240 250 260 270 280 290 300 310 320 330

. _____________________________________________________________________________________________
ECD P GAG GASYQTOMSPRRARSVASCH | AYTMEL GAENSVAYSNNS Al PTNETI SVTTH LPVAWTKTSVECTIVYE GEOBTECSNLLLQYGEFCTQLNRALTA
670 680 690 700 710 720 730 740 750 760 770

B A GAG CASYQIQINSPRRARSVAS(H | AYTVELGAENSVAYSNNS Al PTNFTT SVTTH LPVSVTKTSVDCTIVYE CADSTECSNLLL QYGSFCTQLNRALTA
B P GAG CASYQIQINSPRRARSVAS(H | AYTVELGAENSVAYSNNS Al PTNFTT SVTTH LPVSVTKTSVDCTIVYE CADSTECSNLLLQYGSFCTQLNRALTA



WIlid S
Vac S

WIlid S
Vac S

WIlid S
Vac S

WIlid S
Vac S

WIlid S
Vac S

AWXHQWQ&EMNNJYKﬂxlNH{EH@SDLH}BN¥¥R§4ElLHWNﬂﬁDM}1K}GILGDANQIJOMKH(I“LH%LHEM/{NE%LU(

780 790 800 810 820 830 840 850 860 870 880
AVEDKNTCEVFAQAKQ YKTPPI KDFGEFNFSQ LPDPSKPSKRSH  EDLLANKVTLADAGH KQYAALA AARCLT CACKFNGLTMLPPLLTDEM AQYTSALLAC
AVEDKNTEVFAQAKQ YKTPPI KDFGEFNFSQ LPDPSKPSKRSH  EDLLANKVTLADAGH KQYAALA AARDLT CACKFNGLTMLPPLLTDEM AQYTSALLAC
|

'ﬂTSGNFGM%NJJPHM&NNFFNHCNRJ%LYEVJ&JNVTRBNGN(IfLSﬂﬁGNI%lGJAmCNNJ{NﬂAﬁ(LSN@CNSENLN]LSQIKMHE
890 900 910 920 930 940 950 960 970 980 990
TI TSGNFGAGAALQ PFAMNMAYRANG G/TQNVL YENCKLT ANCFNSAI K1 (PELSSTASAL GKLCDWNINACAL NTLVKQLSSNFGAI SSENDI LSRLDKVEAE
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!QEFLFKTLQEQJX!HILIRANHF%GNVJ%WNMEILLQQ%BMQEL%G%i&@HZEﬁBj%&ELHﬂYMQ&Eﬂjﬂ!AHN(}DGG¥FHQZ3FVS(H
1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100

VQ DR TARLQELQMYWTQRLT RAAE RASANLAATKIVBECL A BKRVDFOKGYH-MEFPCEAPHIAHLHVTYVPACEKNF TTAPAl GHDGKAHHPREG/FVINGT
VQ DRL TARLQELQMYWTQRLT RAAE RASANLAATKIVBECL A BKRVDFOKGYH-MEFPCEAPHIAHLHVTYVPACEKNF TTAPAl GHDGKAHHPREG/FVINGT

HAFVT | TTONTFVSANCDW @ INNTVYDPL CEEKER DKYFKNHTSPDVEL D S NASVWIN CRLNEVAKNLNESLT OL
1110 1120 1130 1140 1150 1160 1170 1180 1190 1200 1210

HAYVTARNFYERQ | TTEDNTFVSGNCDW G VNNTVYEPLQPELDSHKERL DKYFKNHTSPDVELAD SA NASVWIN CGKH DRENEVAKNLNESLT OLCH-GKYEQ
HAYVTARNFYERQ | TTENTFVSGNCDW G WNTVYEPLQPELDSHKERLDKYFKNHTSPDVELAD SA NASVWIN CGKH DRINEVAKNLNESLT OLCH-GKYEQ

&NNM\Nﬁﬁ/{U/NMWHHMEUWE?CKLNIISgEfﬂGIE@EERLNAk%HYF
1220 1230 1240 1250 1260 1270

KWAMW W.GEH AQT A MW/TT MLGOMI'SCCSOL KGOCSOEEOKFCEDEEPVLKGKLHYT.
KWAW W.GEH AQT A MW/TT MLGOMSCCSAL KGOCSOEEOKFPEEDEEPVLKGKLHYT.




. __________________________________________________________________________________________
MLEVR FT1 GIVTLKQEE KDATPSCRVRATAT P QASL PFGA/T VOVALLAVECEASK | TLKKRM) AL SKGHRVONLLLLPVTVYSH LLVAAG EAPHLYLYA

10 20 30 40 50 60 70 80 90 100 110

W1 d ORF3a MLFMR FT1 GIVTLKQEE KDATPSCRVRATATI Pl QASLPFGNL VOVALLAVHBASK] | TLKKRAQLAL SKOHRVONLLLLFVTVYSHLLLVAAQ EAPFLYLYA
Vac ORF3a MXLAWR FT1 GIVILKQEHE KDATPSCRVRATATI A QASLPFGAL VOVALLAVHBASK] | TLKKRAQLAL SKGHVONLLLLRVTVYSHLLLVAAQ EAPHLYLYA

. ________________________________________________________________________________________________________________|
LVYALCH NFVR | MRW OMARSKNAL L YDANYHL OAATNCYDYA PYNSVTSS M TSEGT TSP SHDYQ GOV TEKVWESOKDOM HSYFTSDYYQLYSTQLS

120 130 140 150 160 170 180 190 200 210 220

Wl d ORF3a LVWHAL(H NFVR | MRAW.OMORSKINPLL YDANYFLOMHTNCYDYA PYNSVTSS M TSADGI TSP SHDYQ GO/ TEKVEESGKDOMHSYFTDYYQYSTQLS
Vac ORF3a LWWH.(H NPVR | MRRAW.OMACARSKNPLLYDANYHLOAATNCYDYA PYNSVTSS M TSE@GI TSP SHDYQ Gy TEKVESGWKDOMHSYFTSDYYQLYSTQLE

|
230 240 250 260 270

W d ORF3a TDIG/BEVTFH YNK VEEPEE-VQ HIT DGSSOMPWER YEEPTTTTSVRL.
Vac ORF3a TDIG/EVTFH YNKI VEEPEERVQ HIT DEESGMPWEPL YEEPTTTTSVRL.




IWSFVSEEI'IGI'LI \A\B\A_LIIZLN:V\FLLVITLN LTALH_ICAYCCN \A\}\/ISL\/KPSFYVYISR\/KI\LI\BSRI\/PD_LV-

10 20 30 40 50 60 70
Wld E MWSFVSEETGILI WSVLLALARWFLLVTLA LTALRLCAYCGON MWVSLWKPSFYWYSRVKNLNSSRVPCLLV.
Vac E MWSHVEETGILI WSVLLALAPWHLLVTLAI LTALRLCAYGON VNWSLVKPSFYWYSRWKNLNSSRVPELLYV.
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Vac

Wl d
Vac
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. ________________________________________________________________________________________________
IVADENGTT TVERLKKLLEQMM GRLALTW AL CRAYANRNRAL YT | KLI FLWILWAVTLACPVLAAVYR NVTGE Al AVND VA MLSYH ASFRLFARTRIW

10 20 30 40 50 60 70 80 90 100 110

MADENGTT TVERLKKLLEQMNM GALALTW ALLGFAYANRNRALYT | KL FLEWLWAVTLACFVLAAVYR NWTGE Al AVAALVALMALSYH ASFRLFARTRSW
MADENGTT TVERLKKLLEQMM GALALTW ALLGFAYANRNRALYT | KL FLEWLWAVTLACFVLAAVYR NWTGE Al AVAALVALMALSYH ASFRLFARTRSW

SENPETN LLNVPLHGTT LTRPLLESH M G LRGH R AGH GRD KDLPKH TVATSRTLSYYKL ADSFAAYSRYR GNYKLNTDHSSSSON ALL
120 130 140 150 160 170 180 190 200 210 220

SFNPETN LLNVPLHGTT LTRPLLESHM GAM LRGHL.R AG-H AR KELPKE TVATSRILSYYKLGASCRVAAEF-AAYSRYR GNYKLNTDHSSSSON ALL
SFNPETN LLNVPLHGTT LTRPLLESHM GAM LRGH.R AG-H_GRD KELPKE TVATSRILSYYKLGASCRVAAEF-AAYSRYR GNYKLNTDHSSSSON ALL

55 [N



NFFL\D:Q/FAELLIINRTHQ/SVN_P{IINLIIN\IFSG_TEVWISGDEE(HVEID
10 20 30 40 50 60

W1ld ORF6 MAHLVEOFQUTI AE LLI T MRTRKVS VIRLDYT | NLI T KNLSKSLTENKYSQL.DEECPMVE D
Vac ORF6 MHVOFQUTI AB LLIH MRTFKVS VILDYT | NLI T KNLSKSLTENKYSQLCEE(PVE D



MK LH AL TLATCH YHYCECQVRGT M_I_LKEPCSSGTYEG\BPFI-PLAD\KFALTCFSI' CFAFAYPDO/KHVY(Q RARSVSPKLH MYSH FLI VAA VH
10 20 30 40 50 60 70 80 90 100 110

W1d ORF7a M I LFLALI TLATCEL YHYCECVRGT TVLLKEPCSSGT YEGNSPFHPLADNKFAL TAFSTQRFAFAYPDO/KHVYQLRARSVSPKLF REEEVCELYSH AL VAAI VH
Vac ORF7a M I LALALI TLATCH YHYCECVRGT TVLLKEPCSSGT YEGNSPFHPLADNKFAL TAFSTQRAFACPDO/KHVYQLRARSVSPKLH RREEVCHLYSH! AL VAAI VH

I
TLOFTLKRKTE

120

Wl d ORF7a TLGFTLKRKTE
Vac ORF7a TLGFTLKRKTE



|
MHESI DZIYLCFLN:LLFII_\A_I M FV‘fSLELO}I\EII' A

10 20 30 40
Wl d ORF7b MB.SLI DFYLCALAFLLALMLI ML | PWFSLELQDHNETGHA
Vac ORF7b M B.SLI DFYLCALAFLLALMLI ML | PWFSLELQDHNETGHA




. _______________________________________________________________________________________________
MELVALG | TTVAAFHECS QBCTCHIPYWEDPCH! HEYSKV RVGARKSARL| HLQVEEAGEKSH QY D GNYTVECSPRTT NOCEPKL GHLWIRCSFYEDHLE
10 20 30 40 50 60 70 80 90 100 110

w | d ORF8 MKFLVALA | TTVAAFHECS QBCTCHIPYWELPCP HRYSKW RVGARKSAPLIT B CVEEAGEKSP QM D GNYTVSCSPFTI NOCEPKLGSLWRCSFYEDHLE
Vac ORF8 MFLWHLA | TTVAARHEECS (BCTHPYWLEDPCP HRYSKW RVGARKSAPLT BLCOVEEAGEKSP! Q1 O GNYTVSCSPFTI NOCEPKLGSLWRCSFYECHLE

L
YHOVRM DH -

120
wild ORF8 YHDVRALDH .
vac ORF8 YHDVRALDH .




Wl d
Vac

Wl d
Vac

Wl d
Vac

_______________________________________________________________________________________________
MEONPONCRNAPR TFGEPSCETGENCNCGERSGARSKCRRPOE. PNNTASVWFTAL TCHEKEDL KFPRAJG/A NTNSSPODQ) GYYRRATRR REDGMKOLSPRAYE
10 20 30 40 50 60 70 80 90 100 110

MEDNGPONCRNAPR TFGEPSDSTGENONEERSGARSKRRPQA PNNTASWFTAL TAHKEDLKFPREG/P NTNSSPEDQ GYYRRATRR REDGKMKOLSPRAYF
MEDNGPONCRNAPR TFGEPSDSTGENONEERSGARSKRRPQA PNNTASWFTAL TAHKEDLKFPREG/P NTNSSPEDQ GYYRRATRR REDGKMKOLSPRAYF
. _______________________________________________________________________________________________________________________|

‘hLGKPEMlpﬂykaGIVWKHK?LNHWQ}lGF%RN¢AN\ALLRIHTLH«F%NI5R3E{AS}EBSq}$BS$SHXESQHSHN%mGVIIANf
120 130 140 150 160 170 180 190 200 210 220

1§ 3 H 3 D !
230 240 250 260 270 280 290 300 310 320 330

LLLLORENQ ESKIVEEKGIIIBINVTKKSAAEASKKPRCKRTATKAYNVTQAFGRREPEQIQENFEDHL | RIGTDYKHAPQ AFAPSASAHFGVER GVEVTPSGIV
LLLLORENQL ESKIVEEKGIIIBINVTKKSAAEASKKPRCKRTATKAYNVTQAFGRREPEQIQENFEHL | RIGTDYKHAPQ AFAPSASAFFGVER GVEVTPSGIV

0 ___________________________________________________
LTYTGA KLCOKEPNFKDO LLNKH DAYT TRPPTEPKKEKKKKADETOAL PCROKKQONVTLL PAADL DEFSKQ REVBSADETCOA:

340 350 360 370 380 390 400 410 420

LTYTGAl KLDDKDPNFKDOU LLNKH DAYl TRPPTEPKKDKKKKADETQA PQRCKKQQTVTLLPAADL DDFSKQ QQSVESADSTQA
LTYTGAl KLDDKDPNFKDOV LLNKH DAYKTFPPTEPKKDKKKKADETQN PORCKKQOTVTLLPAADL DDFSKQ QSVESADSTQA




|
MGV NVEAFPETI YSLLL CRVNSRNYL AQVDWINENLT-
10 20 30

WIld ORF10 M5 NVFAFPFTT YSLLLCRVINSRNY! AQ/DWINFINLT.
Vac ORF10 MsYl NVFAFPFTT YSLLLARVINSRNYT AQDWINFNLT.

Fig. S11. Aminoacid alignment of cold-adapted liveattenuated SARS-CoV-2 vaccinestrain. Full amino acidsequencesof cold

-adapted live attenuated SARS-CoV-2 vaccinestrain (CoV-2-CNUHV 03-CA 22°C) were aligned with that of wild-type SARS-CoV
-2 (CoV-2-CNUHVO03) using DNASTAR Lasergene.
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