ORF1ab polyprotein




?0 1 ?O 1 ?0 1 ?0 1 ]l-OO 1 ]l-10 1 ]l-20 1
Bat-BCOV |-——— oo~ MCSKGYELNQKTHF SV—-—-—— ELPWIQIGEN-P-IKPWSV---TPAEALNTVYAAIAEGKA-—-AFIPPFKGMHKY-————
Bovine-CoV |-MSKINKYGLELHWAPEFPWMFEDAEEKLDNPSSSEVDIVCSTTAQKLETGG--ICPENHVMVDCRRLLKQECCVQSSL---IREIVM-NTRPYDLEVLLODAEQSREAVLVTPPL.GMSLEACYVRG
CoVid-19 |rmmmmm oo oo MESLVPGFNEKTHVQL--—-—- SLPVLQVRDV-IL-VRGFGD---SVEEVLSEARQHEKDGTC - -GLVEVEKGVLPQ-—-—
GCCDC I | mm e~ MEGALGTNKLRSMVMSI———-—— TLDWIDPRNV-PRLTNWEM---PLQEAAEYVKRELSKPNPDVVFVPNYLLDSAQ————
HKU1 [-MIKTSKYGLGFKWAPEFRWLLPDAAEELASPMKSDEGGLCPSTGQAMESVG--FVYDNHVKIDCRCILGOEWHVQSNL---IRDIFV-HEDLHVVEVLTKTAVKSGTAILIKSP——————— LHSLG
HKU14 -MPKINKYGLELQWAPEFPWMFEDTEEKLDYPSSSEVGMVCPTTAQKLGSSG--IFLKNHVMVDCRRLVKYECCVQSNL-—-IREINM-NTGPDAMDAVIQEAEQSRSAVLVTPPQRMSLDMY YKLG
HKU24 MAKRVNKYGLTLKWAPEFPWMFEDTEEKLGNPDSGDGDGFCSPVKQEEGSVK--DHFDNHVKMDCS ILSTYDMVAQSVL-—-IRDIVS-KTGPEDTESVLKQALLSREAVFVRPPQHMTLESCYAGG
HRU4 fommm e MLSKASVTTQGARGKYRAELYNEKRSDHVAC--—-—— TVPLCDTDDMACKLTPWFE---DGETAFNQVSSILKEKGKILFVPMHMORAMKF —— ——

HRUS == e - MSFVAGVAPQGARGKYRAELNTEKRTDHVSL-———--- KASLCDAGDLVLKISPWFM---DGESAYKHVSEQLSKGSKLLFVPOQTLKGFIRH----
HKU9 === — e e e e MEGVPDPPKLKSMVVT-————— TLKWCDPFAN-PNVTGWDI---PIEEALEYAKQOLRTPEPQLVFVPYYLSHAPG——---
Hedgehog-CoV [r————————— e MSSATGEGSQGARATYRAALNNEKRHD; —-—--TVPCCGTEAKVTALSPWFM---DGMLAYETVKEMLLKGEQLLFAPSNLSGYIKF~-———

MERS-COV === — e e - MSFVAGVTAQGARGTYRAALNSEKHQDHVSL -———-—- TVPLCGSGNLVEKLSPWFM---DGENAYEVVK LKKEPLLYVPIRLAGHTRH----

MHV -MAKMGKYGLGFKWAPEFPWMLPNASEKLGNPERSEEDGFCPSAAQEPKVKG--KTLVNHVRVNCSRLPALECCVQSAI---IRDIFV-DEDPQKVEAST QFGSAVLVKPSKRLSIQAWTNLG

0C43 FMSKINKYGLELHWAPEFPWMFEDAEEKLDNPSSSEVDMICSTTAQKLETDG--ICPEN VDCRRLLKQECCVQSSL---IREIVM-NASPYDLEVLLODALQSREAVLVTTPLGMSLEACYVRG

Rat-CoV |-MAKMGKYGLGFKWAPEFPWMLPNASEKLGNPERSEEDGFCPSAAQEPKVKG--RTLVNHVRVDCSRLPALECCVQSAI---IRDIFV-DKDPQKVEAST QFGSAVLIMPSKRLSIQAWANLG
SARS-CoV MESLVLGVNEKT SLPVLOVRDV-L-VRGFGD---SVEEALSEAREH

229E

Bat-CoV-1A

BtCoV512

BtMr-AlphaCoV

BtNv-AlphaCoV

BtRf-AlphaCoV STGLQOD---IIE

CDPHE15 SNHLTL ME----VSAIGF--GSINE GLAN---TVE

FCoV SSKQFKI YQ----VNVPSL--P-FRD PEYRRD---LVDC

Ferret-CoV FKHFRI QE----ITPRGY--ENRLDCQRALKQCWLS PEYSRD---LLT

HKU10 SNOQLTL- SE----ISAYGF--DTVEHAVAQYSAAAAN ITGLOD---L

HKU2 SINQLTL- QE----ISAHGY--PTMSDAVEHFSSSASH SGLQOD---IVI

HKUS8 GSNHLTL SE----ISASGC--STREEAVSRYSEAATY] SGLQE---IVD

LuchengRn-CoV RIADCTN----IHYDRL--WSLS TDYGAAAAC FGLEH---LLY|

Mink-CoV LVVEDSE----ITAHGY--KSYNDCSNALKLCWH PEYSRD---LLT!
NL63 AVASDSE----ISGFGF--AIPS RTYSEAAAQ FGLQOD---CVT;
NL63-related SAHGC--ASPS RAYSEAAAQE FGLQD---CVT;
Porcine-EDV E----ISAFGF--CTASEAVSYYSEAAAS SLDLAD---TVE

TGE | LVNEDYQ———-VNVPSL--P-TRDVILOETIKYCYRN PEYCRD-—--TL.VDC

Beta-CoV cons

3426434234---953723---25226221633193233301524200000002----

Alpha-CoV cons

------------------------------------------------------- T0010102-———————0110105-——-041046--00121851274276214 2374 423334---693

Combined cons

Mignnent qual — et 1 ] ety o 1 ol b L e



130 }40 }50 }60 21.70 180 21.90 %00 210 %20 %30 %40
1 1 1 1 1 1 1 1 1
Bat-BCoV -LPEL—-————— CVFLVRNHGNPT-RPF-DLQELAVRE----GDVNYGRSGETVGA L-DG----QEPYGTIT--IQLRRRGKNAGGVYAW--TNTRDTVTDDLVHEPIDLYTED
Bovine-CoV CNENGWTMGLFRRRSVCNTGRCAVNKHVAYQLYMIDP----AGVCFG-AGQF LAFMPVQSRKFIVPWV--MY; CGEKGAYNKDHKRGGF-EHVYNFKVEDAYDLVHDE

NGNKGAGGHSYGADLKSFDLGDELGTDPYEDFQEN—-———
YGVG

Covid-19 -LEQP————--— YVFIKRSDARTAPHGH-VMVELVAEL----EGIQYGRSGETL H-VG----EIPVAYRK--VL
GCCDC1 -I RVVITNSVWRCYEMGWKPVREIAFDL----DGVRFGRGGT-H! RQPP----QYICGTVS--IE

HKU1l GFPKGYVMGLFRSYKTKRY-———————— VVHHLSMTT----ST-TNF-GEDFL FGFMPSYVHKWFQFCR--LYIEESD-=-—==—=——
HKU14 CC KGWTMGLFRRHCQCRTGNCNVETHVANQLYMIDP————EGVCLG—?ITFI LFALPECVRDKTFPWV--LY] H HSKGHGDT-F-YVDYDFDVEDAYEEVHDN-
HKU24 KGWVMGQFRRCTTCSTGNCGVDKHVSYELYLISP----QGVGYG-AGRF KSVLPPKALARLEPYV--LK YSRGHYEQ-Q-GAGSSFVLDNACDEVMSA—————
HKU4 -LPGP-———-- RVYLVERLTGGMLSKHFLVNQLAYKDQVGAAMMRTTLNAKPL) Y-DS----SLETGEYT--FL QLFRERPWDRKE-----TPYVEILDDLEAD-———-
HKU5 -LBGP-—-—-—-—— RVYLVERLTGGTYSDPFMVNQLAYQNAAGEGVIGTTLQGKR F-DA----DLVTGEFQ--FL NRFRDAPWDYNW
HKU9 -ISGD===—=- RVVITDSIWYATNFGWQPIRELAMDK----DGVRYGRGGT-H! MQDP----SFIMGDID--IQI

Hedgehog-CoV -LPGP----—--RVYLVERLTGGTYSEPFIVNQLAFSDEQDGPMMGTTLQGKPI F-DE----ELVTGTYT--F LGGOLFREVPWFENHDFHGIEGFSQIVEDLQED-———-

T
Ni
Ki
YGIGANSPPDVL-PLWDGFSDPGPDVGPYLDFPDNCCPT
Ni
Y
G

MERS-CoV -LBGP-————— RVYLVERLIA--CENPFMVNQLAYSSSANGSLVGTTLQGKPI Y-DI----ELVTGKQN--IL RGEGYHYTPFHYERDN==—=—- TSCPEWMDDFEAD-
MHV VLPKTAAMGLFKRVCLCNTRECSCDAHVAFHLFTVQP----DGVCLG-NGRF I VTAIPEYAKQWLQPWS--IL NKGSVTSGHFRRAVITMPVYDFNVEDACEEVHLN-
0C43 CNPKGWTMGLFRRRSVCNTGRCTVNKHVAYQLYMIDP----AGVCLG-AGQF LAFMPVQSRKFIVPWV--MY| EKGAYNKDHGRGGF-GHVYDFKVEDAYDQVHDE
Rat-CoV VLEBRTPAMGLFKRVCLCNTRGCSCDVHVAFQLFTVQP----DGVCLG-NGRF I VTAIPEYAKQWLQPWS--TIL NKGSVTSGH-RRAVTMPVYDFNVEDACEEVHLN—————

Z

SARS-COV —LEQP—————— YVFIKRSDALSTNHGH-KVVELVAEM———-DGIQYGRSGITL H-VG————ETPIAYRN--VL NKGAGGHSYGIDLKSYDLGDELGTDPIEDYEON—————
229E IADDTY GLHGNQTLFCNIMKFSDRPFMLHGW--LVF---SNSNYLLEEFDV
Bat-CoV-1A IEADDY -CVTGDVQLKAYIAKFSDRPLNLRGW--IVR--—-SNSNYFLETMDL———————————————
BtCoV512 VEDDD -LITGVTQLRAYLGTFGDRPLNLRGW--LLF---SNCNYFLEELDL-—-—————————————
BtMr-AlphaCoV VNDDDY ~-VLTGDHTLYAFLDLFSATPSNIRGW--LIF---SNCNYVLESFDV———————— e
BtNv-AlphaCoV LLSDEF LVNNDTS-CLTVGTFGERPPDLKGW--LLF---SNCDVDGTAI -~ ————————————————
BtRf-AlphaCoV VLDDDY HOLVARIGQFGDQPSNLRGW--LLF--—SNSNYFLGELDL———————————————

CDPHE15 VEPSDF VTQLRAYIDTFGSRPANLRGW--LLF---SNSNYFLSEMEL-—-————————————

FCOV NRKDH YW T == = = = e e e e e e e e e e e e o NGISDLKPVLLTEPSVMEQOGF--IVR-~-ANCNGVLEDFDL~======————————
Ferret-CoV CREQWYVF —————————————— NDYVIKPCMLEEQSVNLOGF--IVL---SDANGVEEDFYL-——————————————
HKUI0 VNDEEFW L ——— === = — o o e e e e e e e e e e e e LHQLTARIGKFGDQPQONLRGW--LLF---SNSNYFLGELDL-——————————————

HKUZ2 MEPSBFV ———— == = = e e e e e e e e e e e e e e e e e e e e e e e e e e DEILTAYIATEGARPRCLRGW--LIP———SNSNYVLEEFHV-————————m

HRKU8 VSADDY M L= = = = = e e e e e e e e e e e e e e e e e e e e e e e e e e e e VTTLRAFVGKYGDRPRNLRGW--LLEF-—-SNCNYFLEEIDV———————————————
LuchengRn-CoV YDDEH NQVLNVELGQFKDRPDNICGY--LVI---SDCTYFEETFDL-————————=——————

Mink-CoV CREQEY NDNVIKPCFLDVQT QGF--IVR---SSAIGVEEDFYL-——-————— e
NL63 INDDDY! TNQLCAKILPFSDRPLNLRGW--LIF---SNSNYVLODFDV-——————————————
NL63-related VHDDDY TNLLCAKIRPFSDRPRNLRGW--LVF---SNSNYVLQEFDV-————————— e —
Porcine-EDV LLPEDY TTKLSAYVDTEGSRPRNICGW--LLF—--SNCNYFLEELEL-——————————————
TGE DRRKDHYVI———— e e e e o e e e e o e e e e e NGVSDLKPVLLTEPSVMEQGF - —IVR——-ANCNGVLEDFDL———————————————

Beta-CoV cons

4333446200100000-152375541----331456-64304 577 3-12----11162232--739873500300000200102-000002120416336233--=== 558+52

Alpha-CoV cons

312646 Jm——mm—mmmmmm e T 771731201736227334605+ 4 9=—192--=877453344812———————mcmcuc

Combined cons

Alignment qual ‘



%60 %70 %90 :ISOO ?10 ?20 ?30 ?40 ?50 360 370 ?8(
1 1 1 1 1 1 1 1 1
Bat-BCoV QGNLRKFLT--GGN--DFHRY KPLPCIVTLLEKAGHANKPLDDAMDYLRG--LNRMGQPCRDHDHERVWEVERDNAP-YPEQSLFSISAIKT-————— LGE-—==———- IPHCVF--
Bovine-CoV KKAYALI-RGYRGV--KPLLY: GLADGLEAYADK------TLOEMKALFPIW-——--- SQELPFDVTVAWH DPRYVMRL SASIIRSVAYV—ANPTEDLCDGSVVIKE VHVY --
Covid-19 SGVTRELMRELNGG--AYTRY YPLECIKDLLARAGKASCTLSEQLDFIDT--K-RGVYCCREHEHEIAWYTERSEKS-YELOTPFEIKLAKKF-DTF-NGE-—-—————— CENFVF--

GCCDC1 ——————————— N—--TF--LT AAPIKEVLGGKGAGM-SLVELTKFLGKY-RTADGYELPSGIVKVAVK KNLP-VSKOSIFEIVLGVTE--——=—==-RV———————— VDGFYYPY

HKUI QKAYALL-RQYRGI--KPVLF KLADCLQAYGHY ------SLODMROKQSVW—————— LANCDFDIVV. DSRFVMRL ICGIKYV-AQPTEDVVDGDVVIREPVHLL -~

HKU14 KKAYALL-RGYRGV--KPLLY NLAEGLEAYAEF--- -SLSLPYDVVV. DPQFVMKL IRSIEYV-AEPTEDLVDGTVVIKEPVHTL--

HKU24 AKAYALL-RQYRGL--KPLVF SLAQGLSAYGEC—------SVKEMRA--GMW-————— KTSDQFEYVV. DERFVMSL IRSIAYV-ADPMDDLEGDQVVVKEPVHVL--

HKU4 QNLLKKLI---GGD--CI--PI KPIADYAKIVAKEGLTTL--ADIEVDVKSRMDSDRFIVLNKKLYR RNVP-YPK IVSVVQC-DDK-DS—====———— EHTF--

HKU5 QSLLKKLV---GGD--FT--PI KPIAEFAALMASEGITKL--ADVEAEVKSRTDSDRYIVFKNKLYRIVWNVQORKDVA-YSK! MNSIVQL-DTM-ED RHSF--

HKU9 ==————————u D--VY--LS ILVEPVMKLLGVIKSDF-TLEQLLAALGKY-RTEDGYDLPDGYVKVAIKVGRKAVP-VLK GYYYPF

Hedgehog-CoV NKLYKKLC---GGD--VI--P SPIKPYLDLANKEGLTKL--ADVEADVCSRVDKQGFLIFKGTTYR FTERKDVD-YSKQTLFEVICVMOR-NGV-HD-=======— AHPF--

MERS-CoV QNLLKKLI---GGD--VT--P KPISAYAFLMAKDGITKL--ADVEADVAARADDEGFITLKNNLYRLVWHVERKDVP-YPKOSIFEINSVVOK-DGV-EN-———————— PHYF--

MHV CKAYALL-KGYRGV--KPILF CLAKGLEDYGDL------TLSEMKELFPVW—-————-— RDSLDSEVLVA DPRAAMRL VRCIDYV-GQPTEDVVDGDVVVREPAHLL--

0C43 KKAYALI-RGYRGV--KPLLY! SLADGLEAYADK SQELLFDVIVA DPRYVMRL IRSVAYV-ANPTEDLCDGSVVIKEPVHVY-—

Rat-CoV RKAYTLL-KGYRGV--KPILF CLAKGLEDYGDL------TLSEMKELFPVW—-————- RESLDNEVVVA DPRAVMRL LRSIDYV-GQPTEDVVDGDVVVREPAHLL--
SARS-CoV SGALRELTREL ——AVTRYV YPLDCIKDFLARAGKSMCTLSEOLDYIES——K-RGVYCCRDHEHETIA KSAKKF-DTF-KGE————————

229E ————-- VEFGKRGGG---NVTYTDOY¥LCGADGKPVMSEDL - === ———————— GE--NE--EIVINGRTYVCAWLTKRKP-LDYKRONNLATEETE¥VHGDALHTELRNGSVL-—————————

Bat-CoV-1A —————-— GT--SIP-- GD--DGD-NITVNGOAYHKAWNVTRGD-VPYQFONASTILSIEYL-ADEKHVLPDGAVA-—————————

BtCOV512 ————-- GT----TIP QOD--SN--QFTLN ADGTTM——————————
BtMr-AlphaCoV —-——-—- GA---PPIY GE--DCD-EITLC ONGAVL-—————————
BtNv-AlphaCoV —-————- LA--GAEVYVDNYMEDQTGKPVLAADV - ————————— GE--SDT--IVID PSETVL-——————m——
BtRf-AlphaCoV —-——-—- GN--—-TVYVDNYMCESNGVPVLPEDQ-——————————— GE--LTE--VSIGDTT ADGSTM———————=—=

CDPHE15 —=———- GN----TIY VD--DD--QVVVN PDESVV-———— e
FCOV —=—=—— NG---—-AIYVDOYMCGADGKPVIEG-—————————————— GD--EDV--IIYEGEEYHCAWLTVRDE-KPLWQOTLLTERETQYN-LDIPHKELPNCAIR-—————————

Ferret-CoV ——-—-- GM-- ——TVYVDQ¥MCGADGRPVISG-—————————————— GD--LDD--IVID
HKU10 —==——= GT----TVFVDNFLEGANGLPACSEQE~——————————— GE--LDE--VIIN
HRKU2 —————- GD----VVPVDNYMCGADGKPAVPSEQ-——————————— DD--DTD-EITVN

NHEHRNRNRH DI

HKU8 —===—= GD--ASPVYVDNYMCGANGKPVLPADV-——————————— GE--ETE--LIVNGVKHVKVWHVTRTD-IPYQFQSLGAIESTEWL-TDIPHTLRNGSRL-—==——————
LuchengRn-CoV —————-— MN--GGD-IYVEPGKTYVRVWDVERKQ-DDLTLD---GILSTIKY¥L-SDKPHKELRDGAIQ-—————————
Mink-CoV —————- GT----VVYVDQFLCEGADGKPVRQG-—————————————— GD--LED--IVIDDITYKHAWEVARDMDVPHAKQTALNVQST I¥L.-MDVDHKIVNGATR-—————————
NL63 —————- G---SVVFVDKYMCGFDGKPVLPKNM--————--——-—--WEFRDYENN--NTD-SIVIGGVIY¥QLAWDVIRKD-LSYEQONVLAIESTIHYL-GTTGHTLKSGCKL-—————————
NL63-related ——---- G---DVVFVDN¥MCGFDGKPVLPETI----—---————--WEFKDYEFEGD--DVD-NITINGVSY¥QLAWDVTRKP-LSYKQONVLATESIRYL-GSKEHTELRAGCKL—-————————
Porcine-EDV —————- GN----TIVPVDQY¥MCGADGKPVLQESE--——-——————-WEYTDFEAD--SEDGQLNIAGITYVKAWIVERSD-VSYASONLTSIKSITYC-STYEHTFLDGTAM——————————
TGE —————-— RG———-ATIYVDOYMCGADGKPVIEG-——————————————— C OELQ¥N-LDIPHKLPNCATR-——————==—

Beta-CoV cons

-1
5558357240-100-03-====—=—- 460537--

0001001----4"3--14--45"9768516"267236226722 222213343486383°4332-613

Alpha-CoV cons

------ 07720434--=-2108 699 547 3 8420-0-————-------138497 37--330--63335327238 282 23-2452271007912 1+ 6-5311 38259733-—————c-—v

Combined cons

| -
------ 1-00-4 4=——=0047 9668527 26723200=m—m——m—m=-==055342722-=0-—-=-=24214144238 284 35-0-42285449247250=000=220m———m——m——mm—mmmem

mrigment qusl g Ny a0 0 B ncnetencn o il ool uI-iHI--..I.l-..—.



. ?90 . ?00 . ?10 . ?20 . ?30 . 440 450 . ?60 . ?70 . 480 . ?90 . ?00 .
Bat—BCOV’APDCAVKVMKIRKVKRGADGFMTKLRR——— NING—=———— F--DEVKPMALCALHYC--EDCGMEMWCHSN-FEEAYCPC-GKIYTNTPC--TLTSAGYVVEGSVMVAMPCDACKSDSDHS--NGT
Bovine-CoV ADDSIILRQ-HNLVDIMSCFYMEADAVVNAF¥YGV-D-——-—— L--KDCGFVMQFGYIDCEQDLCDFK PGNMIDGFACTTCGHVYETGDL--LAQSSGVLPVNPVLHTKSAAGYGGFGCK-——--
Covid-19 PLNSIIKTIQPRVEKKKLDGFMGRIRS---V¥PVAS——-——-— P--NECNQMCLSTLMKC--DHCGETSWQTGD-FVKATCEF-CGTENLTKE--GATTCGYLPON. KIYCPACHNSEVGP--EHS
GCCDC1 STNSVVSYTKPRAGATVGNTVQSVMLS---M¥GT-———-—————— EAYNPVTPVVRLRE--SSCDFY PVKDLGCVTCSC-AAVHQITSSCIDAE LIKQGAVMLV-————————m - ———
HKU1 SADAIVLKL-PSLMKVMTHM---DDFSIKSI —-L--CDCGFVMQYGYVDCFNDNCDFY! SGNMMDGF SCPLCCTVYDSSEV--KAQ IPENPVLFTNSTDT----VNH-————
HKU14 APDAIVLKL-PKLIDLMQHT---DSTVVESI —--L--KHCGFVMQFGYVECSQDDCTFT PGNMIDGFACTSCAFVYGTVDL--LAQ MPONPVLFTKGQAI -——--TNG---—-—
HKU24 SADATVKKF-VKIADLMQVT--DAVSVIETVYKV-P—————— I--KDCGFVMQFGHVQCEHDECEFVGWIPGNMIDGFKCPA-GKLYAASEV--QAQ IPPNAVLFTESTAL----TSQ-——--

HKU4 TIGSQILMVSPLKA-TNNKNFNLKQRLLYTF¥GKDA--———-— V--QQPGYIYHSAYVDC--NACGRGTWCTGNAIQGFACDC-GANYSANDV--DLOQ LVPRNALFLANCPCANNG----ACSHS

HKU5 TIGSEIQVIAPSTAVQANGHLNLKQRLLYAFY¥GKQA-—-—-——- V--SEPNYIYHSAYVDC--TSCGKGSWLTGNAVQOGFACDC-GAHYCANDV--DLQ LVRKNAI;LTTCPCNKDG---—ECKHT

HKU9 STSSVVEHTKPTRGGPVGKTVEAVMLS---L¥GT--====—==—=- NNYNPATPVARLKC--SYCDYYGWTPLKDIGTVNCLC-GAEFQLTSSCVDAE IKPGCVUMLL-—=——————————————
Hedgehog-CoV TLGSKVEQLKPHVAKGNLVGLTLKAKILYT —--V--EEPSYIYHSAFVDC--VKCNEGKWCTGNAVAGFACEC-GAAYTAKQV--LLO LVKSNALFCATCPFAQGDRCSLDCKHT
MERS-CoV TLGCKILTLTPRNKWSGVSDLSLKQKLLYTF --L--ENPTYIYHSAFIEC--GSCGNDSWLTGNAIQGFACGC-GASYTANDV--EVQ IKPNALLCATCPFAKGDSCSSNCKHS

MHV AANAIVKRL-PRLVETMLYT---DSSVTEFC --L--CECGFITQFGYVDCCGDTCDFR AGNMMDGFPCPGCTKNYMPWEL--EAQ
0C43 ADDSIILRQ-YNLVDIMSHFYMEADTVVNAFYGV-A-————— L--KDCGFVMQFGYIDCEQDS IPGNMIDGFACTTCGHVYEVGDL--MAQ
Rat-CoV AADALVKRL-PRLVETMLYT---DSSVTEFCY¥KT-K-———--- L--CDCGFITQFGYVD PGNMLDGFPCPGCSKSYMPWEL~--EAQ

IPEGGVLFTQSTDT----VNR-——-—
LPVNPVLHTKSAAGYGGFGCK—————
IPEGGVLFTQSTDT----VNR-————

S
S
S
S
S
S
S
S
S
S

SARS-CoV PLNSKVKVIOPRVEKKKTEGFMGRIRS ———V¥PVAS—————— P—-OE MHLSTLMK OTCD-FLKATCEH-CGTENLVIE--GPTTCGYLPTNAVVKMPCPACODPEIGP——EHCS

229E —-—---- KEVK-TSSKVVLSDALDKLYKVFGSPVMTNGSNILEAFTKPVEISALVOQ NLISN--KL---CVVPGNVKPGDAVITTQQAG-———————————
Bat-CoV-1A —————-— KPPK-FSKNIVLSEKYKALYDACGNPFVTNGTNVLEVVTNPIFAHGFNMQ IPGR--VL---CTVFGGVAPGSVLLESTRVDASP—————————
BtCoV512 —————- RHPK-VNKS DSPFDQI¥KEVGSPFMGNGSTFVEMLKDPA FHILIT NIKCK--PI---TIVTPKA AVVITKAGIG-———————————
BtMr-AlphaCoV —————-— SGVK-YKKS SEGFKKLYDAC AVONGNTLVDILTKPAFFHAIVS KRLE--PI-—-T DIVVESANAG-———————————
BtNv-AlphaCoV —-—-—-- KSVS-KSKVVLLSDPYADI¥DQ 5 FMTNGKNLLEIVVKPCELHGY! LNCN--PI---CV. DVLFESKGAG-———————————
BtRf-AlphaCoV —————- TAVK-KNSKTVVNKTFQKLYDNI N FVTNGKVLTEIIPKP HGL IVCK--PI---AIVN| DVVIESKQVA-—T—————————
CDPHE15 ————-- RKPK-IKKSIVLSDVYKPLLEGLGAPFVKNGDTLASILTEPVELHAL CK--PL---CNV. SAVVTRTGLE-———————————

FCOV ====—== -KNSK SEEYRKLYDIF! FMGNGDSLNTCFDSLHEIA LHGK--VK-—--GVTL DAIVESMSAG-———————————
Ferret-CoV —————-— -LSSK SQPFADM¥YKHF! YMQONGDNLHGCFTKLNE I LPGK--VI---GVSL EAVVESKGCE-—--————————
HKUIQ ——=—-- -KSKSVLLGKQFQQLY¥DS FVTNGKNLTDVLVKPIYCH FNCK--PL---AIVN DVLVESDKVS——A-————————

HRKU2 —————- —-KRKA! DEKYSKLYDAC FVTNGKSISEVVTKPLELH TGK--VI-—-TLA DIVFEITPGAG-———————————

HKU8 ====-- -HSKN SEPLKTLYQOACGSPFVTNGSTLREAVPKPVEAH FGK--PQ---CVVF DVFITTSSVE-———————————
LuchengRn-CoV ——-——- DAVS-E————————— e LNDTNOMVREIHAFVSC---PCEGKSAFTVGSWM-GFATVECGKIVKT-PM---CVKFSGEAGSIFALPVGSREFSA-————————

"d"!:l'ﬁZ"dML"L"ZE

Mink-CoV ———-—- APVK-ISSKVCLETEPYNSLYKQF YMQONGGNLNECFSKLNET TPGK--VI---GVSIGDASVGEAVITSKGCE-—-——————————
NL63 ————-—- KPPK-YSSK SGEWNAVYRAF! FITNGMSLLDIIVKPVEFN, TPAK--KL---CVVP DVIITSTSAG-———————————
NL63-related —————-— KQPK-YSAK SDEWIEVYKAF FVTNGSSLLEILTKPVEFN; TPAK--KI---CVVP DVLVISTNAG-——-—————————
Porcine-EDV RTPK-IKKN SEPLATIYRET FVDNGSDARSIIRRPVFLH. FKCK--PV---LVASCSAMPGSVVVIRAGAG--—--———————

PPVK-KNSKIVLSEDYKKLYDIF FMGNGDCLSKCFDTLHETIA

H
=

LSGK-—-VK-—-GVTLGDT DAVVISMSAG-————————————

Beta-CoV cons

625729235-2232023512---2323---7"33-0-===—- 0--3244574247444--31"4314°625507336222-741444213--25687"683176 7360?000 ————————————

Alpha-CoV cons

—————— 12°2075-2100112100100111013121102301623651362942+593 " —--1+"312578"5°3-79384"74155--34---66336132683667732435

Combined cons

| |
------ 2350123-23332510012221102633-0-=—=-=0--2324427128384 —==1 5213656301-552728-73134-=12-==6463272373774700002-———m——m——meew

rasgrment oot gt e et o e I ol Pl bl el e



, ?10 . ?20 . ?30 ?50 560 . ?70 ?80 . ?90 . ?00 . ?10 . ?20 . ?30
Bat-BCoV FYDSCKYLAEDK--AEPGNRENFVYFGGCCFAYVGCR-————— RAHSDIGNNH----S A-DV--A-LLNDDLKAIVAQEVIPV-=—=——— VIPEDFKVNETVVALVAAVS———=———
Bovine-CoV ————————————— DSFTLYGQTVVYFGGCVYWS—————————— ILK SIKSYDGLVYT C-KA--IVKETNLICKALYLDYVQOH-—————- KCGNLHQRE----- LLGVS—-==—--
Covid-19 LA---EYHNESGLKTILRKGGRTIAFGGCVFSYVGCH-————-— RASANIGCNH----T! E-GS--E-GLNDNLLEIELQKEKVNI-==—=—- NIVGDFKLNEEIAIILASFS——=————
GCCDC1 ——————- DRSPSMRVVPG-NRLYVAFGGAIWSPIGKV-———-- S-GD--VNTINKEIMSLIID---GV-=———- RIDDEVLEQPSCGVLIANLE-———-—
HKU1l ---- -DSEFNLYGYSVTP C-KS--IVKETALITHALYLDYVQC—-—————- KCGNLEQNH-—-—-— ILGVN-===——
HKU14 —-—==—=——=—- -DSFKLYGNSVIP C-KT--IVKETEAVCKALYILDYVQY—-—————- KCSDLKQRE—-——-- GLGLA-————-
HKU24 ------—-—--—---DSFKMYGMSVVPEGGCVYWS—————————— PGSGIWL F-KT--IVOETAAICHALYLDYVQY-—————- KCADIKQHA-———— ILGVD---=--
DGTMYF T-WD--KVVETAN--LFLEKAQRSL—————— NFCQQFALTEVVLAILSGTT——————
—————— GGTMHFI T-WS--KVCETAN--LFLERAQHAI------NFVNEFVLTETVVALLSGTT-----—
HKU9 ===—===- S-GD--TVAINKELVEYERIE---GI-—-——-- RVDADTLDNPTCATFIANLD-—————

Hedgehog-CoV VPQVVSYLSE-KCVVFPSGKSFVLAFGGALYTYMGCA———-——— EGTMYF A-WD--KVQQVAN--LFTQKAQQQL~

MERS-CoV VAQLVSYLSE-RCNVIADSKSFTLIFGGVAYAYFGCE-————— EGTMYF S=WN--KVTQIAN--MFLEQTQHSL-
ESFKLYGHAVVPEGSAVYWS—————————— PCPGMWL C-KA--IVQETDAICRSLYMDYVQH-
DSFTLYGQTVVYEGGCVYWS—————————— PARNIWI C-KA--IVKETNLICKALYLDYVQH
EAFKLYGHAVVPEGSAVYWS—————————— PYPGMWL, SVKSYSGLTYT! C-KA--IVQETDAICRSLYMDYVQH
SARS-CoV VA-—-DYHNHSNIETRLRKGGRTRC RASADIGSGH———— m D-NV--E-TLNEDLLEILSRERVNI
VIALQSVDCFV---ASSTEFVEEEH--V-NRM-DTFCFNVRNSVTD--ECRLAMLGAEMTSNVRRQVASGVIDISTGW
Bat-CoV-1A --——-—-———————————————GATRYYHGLTLKHICNV-————— TKVQGVECFV---ASGSIED--C--V-GSTFDTCTYDNYTSFAK--AFKCGMLTGSFSDNVVASVINGTLDVGLAV
BtCoV512 —===————mmmmm e IAKVQSKDDVA---TSGNVLVDDP--E-DRL-DPCYFGNDGPFAT--KFKFQLLANSFDDEVKGAIVQGVVHVNTAL
BtMr-AlphaCoV ———————————————————— VRYFNGLTLOYVGDW—————— AVGVQAFNGFV---ASPTFDEQLH----TYSLDACAYTSNTRLFK--ALKLSVLSGFTNDDVTNAVIAGVVDVNSCV
BtNv-AlphaCoV ———————————————————— LKYYKGLTLKFVGEV—-————— IQKVHHVDGFV---ACNRFKDDFC————— STMESCGVENVSATAN--ALKFSLISGCCQEVTLRSIVSGQLSVGFAV
BtRf-AlphaCoV ———————————————————— VKYYNGMVLKYVDTI KLOSVKGFV---ASPNYDPAEY--V-FLADDACSPTSRLVISA--SYKLGLLNGNFTDDVRVAARDGTIVVGNNV
CDPHE15 ———————— e IKYYCGMFLRHILDV-===—-— VIRLOSAGETV---TSTNFEEFGD--V-CPM-DTCHYSLDSRLAV--MFKLNLLSGDFCAEVRHATIASGVFSVGNFI
FCOV =—mmmm e VKFFANSVLOYAGDV—-————— KVIKTFTVNETV---CTTDFEGELN-——————- DFIRPESTSPVSC--SIKRAFITGEVDDAVHDCIIAGKLDLSTNL
Ferret-CoV ———————————————————— TKFYANAVLKHVGDA-- VMATYAKD-IV---ATNTFDKCRL-—=—=—=——— ELLDHTSDSTLAT--SVKKCYLTGKPNKDVVDAIVAGHINVSSNI
HRKUIQ ==—=————mmm e TKYYNGMVLKFVDKI—==——— ITQVQSCMDVV---ASGNYKGDEF--I-YHTDDICSPTNMSKISH--AFKLCYFTGSYTDEVKSALLHGEFDVCTNI
HKU2 —————————— - ——— TKFFCGLVLTFVDTL----—— KAYTVDKFV---ASSNFDEHNH--V-MSL-DQCSFDNFSPISV--ALKFSLLRGNCCDDVKVAVATGVIDIGLGV
HKU8 ==——— e mm e TRYYNGLTVKHVVTV—=—=——— DGLACWRVLKTQSVDGLT---ATPSFDD--Y--S-DAAFDCCVYHNNTQLAV--AYKMGLLSGNFDETVIDGVLAGAIDVGSAV
LuchengRn-CoV ———————————————————— KRSYAGAEFQFCCEL--———— SGVEIWCTTKTFSVDGVC---TVGAHLITASDPIYATLFPTNCMLGDDGLSTDYDLCYSIIAKCANDGLSQRIIRGALNASAQL
Mink-CoV ———————— e~ TKFYAGAVLKYVGDA-————— VMATYAND-VV---ATTTEDKCKL—==————— ALLDHDSNSLVAN--SVKKCYLTGEPDATVVDAIVAGHVNLSSNI
NL63 —————————— - —— VKYYAGLVVKHITNI-————-— TGVSL TAVHSDGMFV---ASSSYDALLH--R-NSL-DPFCFDVNTLLSN--QLRLAFLGASVTEDVKFAASTGVIDISAGM
NL63-related ———————————————————— TKYYAGLVVKHVVNV—————— SGVSLWRVTAVQOSDGAFV---ATSSYDEVLH--K-NSL-DPFCYDVSTRLSL--QLRLAFLGAPVTEDVKVAATSGVIDISAGM
Porcine-EDV ————————— - VKYYNNMFLRHVADI-- ILKVQSKDDLA---CSGKFLEHHE--E-GFT-DPCYFLNDSSLAT--KLKFDILSGKFSDEVKQAITIAGHVVVGSAL
TGE === —————mm e — VKFFANCVLOYAGDV—————— EGVSIWKVIKTFTVDETV---CTPGFEGELN———————— DFIKPESKSLVAC--SVKRAFITGDIDDAVHDCITITGKLDLSTNL

Beta-CoV cons

33264 4738394422----8"57"3-24--2135633--1472300054

Alpha-CoV cons

35526°565465313067---8663431000

Combined cons

Alignment q“al___-._-A 11 . . * |- -l_l.u ] —



640 ?50 660 ?70 ?80 ?90 700 ?10 ?20 ?30 ?40 ?50 ?60

1 1 1 1 1 1 1
Bat-BCOV —==— e GSVD-—— e QF IKNCKGLTA- === e e ETFKCLLEASG--KFRVTVDHVIDGCICVATDSAVTALEPA--LAFCTAAN—==——

Bovine-CoV ——————————— e
Covid-19 ———————————

GCCDCI ——m——mmmmmmmmmm

Hedgehog-CoV —————————— o ———
MERS-COV ————————— oo

0C43 ————————
Rat-CoOV ===
SARS-COV mm—mmm e e — — — —
229E FDVYDDIFAES
Bat-CoV-1A LDVTTAV---T
BtCoV512 CDVVKDIL--GL

SALVSALKQLKVTTGELVRFVKSICNSAVAVVGGTIQIL-ASVPEKFLNAFDVEV--TTIQTVEDCAVETCTIAGKAFD--K-VFD
DALIMATKQLPVMASDVLKFFNNLTQVLIVVRNGVIDII-HSVPEAFKSAFEIFK--DLVTGVEDLVVDHFKIANKKFK--R-AGD
DQFVAGVQSMKICTLKVVQLAKALSCATMSVVKGVITLV-AEVPEIFKRLFYTLT--SALKSLCTSSCDALVVAGKSFA--K-IGD
BtMr-AlphaCoV YNFVDAVL-EQ SLLCDALKESSLLSSDLVAFVKSLTTAVLTVVDGKLKLI—ADIPSVFESVFDVFK——SALEGIIDACANTVTIAGKAVR——A—AFD
BtNv-AlphaCoV FDTFEDIF-SM- SQFKSFARETFKTSTSLVEFVNFLRDVSCVVMNGALELV-ANVPNHFASLFDHLR--VLVASVTTLFIEEFKVAGVAFK~--R-LGD
BtRf-AlphaCoV LSLIDVV--LT DTFVASLKNLVFTSTQLVELTKALSKAVLNVTKEGIEFA-AEVPSCFESCFSVFK--EFVTGIEDFTVNSVKIAGRSFK--S-VGS
CDPHE15 CDVTDDVL--G TAFVASLRKIKVMSSQLVDLAKALACASVSVINRCLVLA-ADVPPIFKECFAKFV--SATAALEKSTCDTVKVARHSYP--R-LFD
FCoV FGSANLLF-KK KVVEELLCSLKLTYKQIYDVVASLCTSAFTIMDYKPVFVVSS—--NSVKDLVDKCV--KILVKAFEDVFTQTITIAGVEAKCFVLGSK
Ferret-CoV FGVVKELF-AN DMFTQTVEFFGVTAKFLLLGCK
HKU10 CDVSDHS--IH REMEELLGGAWDNFVKAVKSLSVLNSQLFDLMSGLAKATIRVVNGCIEFC-ANIPTCENDAFECLK--SFVETLEDLTVNTVTFAGQSFK~-~-A-VGD
HKU2 FDVNDTVF-EN OKFE-FLKPAWDALKQAIINLGVTSKAVLSFIKSLCSAAFSVVDGVPVIV-CTVAERFSKAFTDFL--SYTRECETALCDDIVVFGVKCK--A-VGD
HKU8 LDVIDRIC-DAQ IQKFGALFESAWAAFVATLKKIPALSSEFVQLCSALQKAILTVRDGVIDFYVENVAPKFVAAVEAFK~--MLVVGVEDFSVDTYKVVGETFK~--R-VGD
LuchengRn-CoV FSNTVDLFMSAKL EHCTPMFSSAMKYLWDAIKKLACTTKELKRFWDHLCNAKLYVENHILRFS-ITTSTKFKNIVGRFL--EMLRVSENILCIDASDRYFCCKDVT-GTNLK
Mink-CoV FGAIPVLF-EKT OSICKFLSAGGFTYVAIRDAINAICSICFTIKDSKPLFIVSS--A-ASSLVRTCV--QFLESAFEDIFTQTVEVVGVTCKCVVLGCKYL
NL63 FGLYDDILTNN DAFVAAIKLVPTTTGVLVRFVKSIASTVLTVSNGVIIMC-ADVPDAFQSVYRTFT--QAIC DFSLDVFKIGDVKFK--R-LGD
NL63-related FGLYDDILTNN EAFVAAIKLIPTTTQCLVKLIKAVASAVLTVSKGTIVMF-AEVSEKFQTAFYAFT--QAIC DVASDAFKVGGVSFR~--K-LGD
Porcine-EDV VDIVDDAL--GQ EQLKAVVRGLGLLSDEVVLFGKRLSCATLSIVNGVFEFL-ADVPEKLAAAVTVEV--NFLNEFEESACDCLKVGGKTEFN--K-VGS
KVVEELCGSLTLTYKOIYEVVASLCTSAFTIVNYKPTFVVPD—-—NRVKDLVDKCV--KVLVKAEDVFTOITTIAGIEAKCFVLGAK

Beta-CoV cons I I I ‘ '

Alpha-CoV cons

Combined cons




1 ?70 1 ?80 1 ?90 1 ?00 1 ?10 1 ?20 1 ?30 1 ?40 1 ?50 1 ?60 1 ?70 1 ?80 1
BAt—BCOV ————— oo IMYRTLVATSVVISAHTLDALAQRVRDACKHVHPQAMRL,——————— U NTLN
BOVINE=COV = oo RAYYLAV--SGQAFCDYADKICHAVVSKSK—————————— oo
COVIA=19 = mm oo RVVRSIFSRTLETAQNSVRVLOKAAITILDGISQYSLRL——————— ) DAMM
e » ol S — CWYGVLTAKSFGAFKELLQSEEVRLSHFCANT —-——-RRC——————— Lo————— DRAL
HRU ] = m e e e mm e e RSYYLIQ--SGIFFTSLMSQFSQEVSDMCIim—— == == ——————mmmmmmm e
1.0 1 —— RTYYLVK--SGQAFCDMLCEFGQEVADLSK——— == — = ———— o
HRU 24 = o e e e e e e e e RAYYINCCLSAPGLPESLCKLGIEVGSWCQ-——— === ——m oo
HRU4 = o e e e e e ESFKKVSAIPWKICSNLKSALDYYSSNIMFRVFPYDIPC——————— D-———————— VSNFV
HERU 5 = o e ESFKKVAATPWKLCSSLRETLDHYADSITYRVFPYDIPC——————— Do—m VTDYT
HRU 9 = — o m e oo e e CWYGALASRTFEAFRDFVRTEEERFAQFFGKV——-—-CAP——————— R NGCV
HedgeRog—CoOV = — m oo e ESFKKIAAVPFKVGSSFLKTWEYLSDCIVYRVLPYELE-——————— Do—mmmm VSDFV
MERS=C OV === o o o e ESFKKVATIPYKVCNSVKDTLAYYAHSVLYRVFPYDMDS——————— P VSSFS
MHV = oo RSYYLIK--SGQAFTSMMVNFSHEVTDMCM— —— == — = — = ——— oo
OC4 3 = m e RAYYLAV--SGQAFCDYADKLCHAVVSKSK—————— === ———mmm o mm e
RAE—COV = m RSYYLIK--SGQAYTSMMVNFSHEVIDMCM— —— == — = —— — o m oo
FF 5T o) 7 —— DAMV

229E KLK! TIANNYSKLSDE
Bat-CoV-1A KIK ECK-PSNFVKK YEDIAFTAES-VSTVKKPVFD-CTKP--VDFPDISST--DVE---VLV
BtCoV512 KVK KMVDEEFPLNP ITSPIFKPE----LELEPIFE-CDAI--PGFPKVAAS----N-VAELC
BtMr-AlphaCoV RVS TPITDKVPFNRE FKAAS-G-————————— e
BtNv-AlphaCoV KLK LCD-SAPLVDEGYACVIQGOAFYTNGTYYWFMTD-HTSVLESPVFKKD === == e e e e e e e
BtRf-AlphaCoV KVK LVNDKQPLLKDGVTKIIGGKSEFFYSGGV¥RLMSD-NNFVLDEPVFQEK—-————— MSVQFE-CEKP--KGFVEPNCD--NLP---SAI
CDPHE15 RIT LCDYDVPVLNT) FRAA----AELNPVFE-CEKP--DGFPVLVAS----D-VAELC
FCoV KIL KVD-DVVTPGG! FKAAR-VPS-YNIVYDVNDDTKSKMVVKIGTSFDFDGDLDAAI
Ferret-CoV KLS VVE-DVVMPGE FKAEK-ANV-YKVDYNVPDAYKGKLVSAIGTSYSVDGSIDDAV
HKU10 KVK SVVP-DQALVKD! YQAV----APTEVVFN-CVKP--AGFVDPVCS--TLP---ELV
HKU2 KIK KVVDTAVPLKQE FTAG----SQYNVVFE-TDAL--FIAPEIGTVFEGDN-IDTVV
HKU8 KVK ACA-STPLVEN YCQQ----ATCKPVFK-CAKP--DGFPDVTSV--NPD---TLA
LuchengRn-CoV VIN EEVDDKVDPPPS FKAAG-SPLATDDEQPFVEKP--PN---VKLEFEFDN-D-LVM
Mink-CoV KLK! TLVN-DVVQPGP FKAST-FNA-FCLRYDVEDPYKTKLVARFGNVYSANGCIDDAV
NL63 VV. RLVDCAPVVCPK FTGD----LFYTIKFS-GFKL--DGFNHQFVT--ASS-ATDAI
NL63-related LVR RVLDYAGSVDPK LNEPAFAGD----ASYNIKFS-GFKL--DGFKHRVVN--AAS-DVEAI
Porcine-EDV VVDEDVTLNTT IEHPVYKSA----CELKPVFE-CDPI--PDFPLPVAA----S-VAELC
TGE KIL KVD-DVVAPGE LTNNVFKAVK-VPS—-YDIVYDVDNDTKSKMIAKL.GSSFEYDGDIDAAT

Beta-CoV cons

Alpha-CoV cons

473+1372474362954496°1512+33446°142-63+2172-1313121-16379453 17446952965-172974247 422————0—?00000—0000——00?000000————0———0 1

Combined cons

Alignment qual



1 1 1 ?00 1 ?10 1 ?20 1 ?30 1 ?40 1 ?50 1 ?60 1 ?70 1 ?80 1 ?90 1 ]I-OOO 1 ]l-Olo 1
Bat-BCOV EYV-DYST-NSTLVLCHDVI—N-LP T oo mm—mm oo~ V---LGDILD-RLFCGCKKIVESVTTWLYNFSISTID————————————————————
Bovine-CoV ELL-DVSLDSLSAAIHY-————- LN S — e K---IVDLAQ-HFSDFGTSFVSKIVHFFKTFTTSTAL——————————mm e m—m— o
Covid-19 FTS-DLAT-NNLVVMAYITG-G-VVQ=m— = o — o o e e e L---TSQWLT-NIFGTVYEKLKPVLDWLEEKFKEGVE-———————————mmm——
GCCDC1 NWA-RTTG-NVSLLSSSLVLKA-LAE - — - ——m oo~ N---LLDSVK-NTPFLVGDLVKPVLDWIVEKMVLARD———————————————————_
HKU1 KMC-ILFMDRVSVATFY-————— TEHmm e e e e Y-——VNRLVT-QFKLLGTTLVNKMVNWENTMLDASAP ————————— e
HKU14 ELL-VVTLDSVTSALQF—————— 1711 Sy S N-—--VGRLTE-CLKGFGIKFVNKLIQYFKTATRCTAL ————————————————————
HKU24 STL-CLCIGTVQGATSF-————- VK e N-—-LKVFLS-KFQIFGKKFVKNVKKLVEEWIKKSVC——————————mmmmmo—
HKU4 ELL-LDCG-KLTVATSYFVLRY-LDE—————— = ——— oo K---FDTVLG-TVSSACQTALSSFLNACVAASRATAG-———————————————————
HKU5 ALL-LDCA-VLTGASAYFVARY ~VDE — === e e e e e K---VEQLTN-LVFSSCQSAVAAFVQACMSTYKATAK———————— e
HKU9 YLA-YTTG-RVTLFSAYQVLNT - AT A= ————— — — — oo K---SKDAFG-GVAAIVVDMLKPILEWVLKKMSIAKG-———————————————————
Hedgehog-CoV QLL-FNCV-EISAASMYFASVV—IRE - — oo K---VNTMFN-ALPLSVQTAAKNF IDVCLRATLCTVK————————m e e mmmo
MERS-COV ELL-FDCV-DLSVASTYFLVRI -LQD————— = = = — — — oo oo K---TGDFMS-TIITSCQTAVSKLLDTCFEATEATFN————————————————————
MHV DMA-LLFMHDVKVATKY-————— VKK — — — — oo V---TGKLAV-RFKALGVAVVRKITEWFDLAVDIAAS ————————————————————
0C43 ELL-DVSLDSLGAAIHY-————— LN S — e K---IVDLAQ-HFSDFGTSFVSKIVHFFKTFTTSTAL————————————————————
Rat-CoV DMA-LLFMHDVKVATKY-————- VKK = — — — o oo~ F---TGKLAV-RFKALGVAVVRKITEWFDLAVDIAAS————————————————————
SARS-COV YTS—DLLT-NSVIIMAYVTG=G=LVQ == == = = = = = = — = o o —————————————————— — —— 0———TSOWLS-NLLGTTVEKLRPIFEWIEAKLSAGVE————————————————————
229E L---FVNDKITEFQLDY---SIDVID————- NEIIVKPNISLCVBLYVR-——————— DYV——-DKWDD-————— FCRQYSN--ESWEEDDYKAFISVLDITD--AAV-KAAES--K
Bat-CoV-1A REVRATLGKFSRVYDKY---NCVVKD—-———— GKCVVTHRYVENABSFVE——————m e DKA----IFVD-———— LCKDYVA--DVGEEAFYANAIVANNSDE--FNP-VYSAF--E
BtCoV512 VKVDTLLFNYDKIYKKY---STIIKG-———- DRCYIQCTHTEKABSYYF——————— o DD---DEFVE-———- LCTKYYK--LPDEDAFYNAVHAATDMDQFCALC--TSGF--E
BtMr-AlphaCoOV ———— E
BtNv-AlphaCoOV ————— = e e
BtRf-AlphaCoV KTTVEQLVKFNTPYRNY-—-DVSVVN-———— NKCVVKCTYTF YIA— e DTE———-NFVK-———— ACEVCVD--KEGEDEFYVQTHAVDSLVA--FKP-AFAEF--E
CDPHE15 VKVDQLLPNYSTSYKRY---ESVIRG-———— EQCFIRCIYDFRABSFIRKG—————————————— DDA---EKFVK————— OCEVLVS--NPLEFEFYTQAHEAVDLDQYVNTACTLEGF--S
FCoV AKVNDLLIEFRQEKLCFRA---LKDG-——-ENILVEAYLKKYKMBVCLK—————————————— NHV---GLWD-————— IIRQDSG--KKGELDTFNHLNELEDVKD————————————— I

Ferret-CoV SKLNTALQVYYDNALCFRA---FSLK----ETIVVEPFQHKYKMPKCLK-======————————————— NHT---GLWE-————- ITLSGSK--DLGEFDKYKALESLADIYD-=-=-===———=——— T

HKU10 SDVTKQLLPLNKPYRFY---DVKVKD--=--- GMCIVTQETTE SYTA-————mmm e NSA----LFVQ-—-—--- LCEECVD--VQGEDDFYVKAHEATSLSQ--FEP-MFPAF--Q

HKU2 QTVANKVQAFNNRFVVY---NAHVVD---—-— GAINVFCDYKFICPAFLD-——=———————————————— GFP----EWFS————- FCKNHFK--DAGEVEFYDCIINSDSTFQTTFQP-YLDL---K

HKU8 HEVKKILGGIARPYDKY---TCSVIN-==—- GECQVDHSYNFK YIT-———————————————— ——— DKQ----QFVM—-———— LCKDFVV--DAKEEEFYVKALEAKSLDG--FEP-YYEAF--T
LuchengRn-CoV SFLRKSLGTSSKGFHNFDDFEEYMOGKIEKLRQAVAAAEYDFEIPECYIYSCNGTYEMAHTMRISEFSFDDDPIMEELVAVSEECACDDAAE--ESGANADDVDDVDSVADETDVADDCVQSDEPVT
Mink-CoV ESLNVALKEFYSNGVCFKA---YADK----DIIVIEPFCRKYKMPKCLR-—-—=———————————ee— DHT---GLWD——==——~— IIRSNAG--EPGEFFNKYKKLEALEDVYD-=—=—m—m——————— S

NL63 IAVELLLLDFKTAVFVY---TCVVDG-----— CSVIVRRDATFATHVCFK-===———mmmmm e —— DCY---NVWEQ-—-——— FCIDNCG--EPWELTDYNAILQSNNPQC--AIV-QASES--K
NL63-related AAVELLLSDFKNAVFVY---NFSVDG--—--- CNIIVKRDVAFATPLLFK-—=—————mmmm DCY---SVWEN—-—-——— FCIDYCG--QPWELVDYNSILOGTSLSD--IVV-QASES—--K
Porcine-EDV VQTDLLLKNYNTPYKTY---SCVVRG----- DKCCITCTLOQFKAPSYVE-————— e DA---VNFVD-—-—-—- LCTKNIG--TAGEHEFYITAHEQQODLOGFLTTCCTMSGF--E

IIKKDSC--KRGELNLFNHLNELEDIKE————————————— T

Beta-CoV cons

265-2346-25356533-————- TT ———————————————————————————————————————————— 3---423452-2612472337337445722442272]l——————— e
Alpha-CoV cons
|| | . || . T | || | ||
00100000000100002=--—-- 0000----- 001000000010100110-———=——————— o —— 000----010----—- 0100000--0001000000000001000--======————— 0
Combined cons
-, . - - - —
000-0000-00101002-===-- 100-——————— 0----00100----- 0100000--0011000000000=-====———————————————

Alignment qual I - I I I I - I I I I
e ul < ey Wl | (ml m [



}020 }030 }040

1 1 1
Bat-BCOV ————— TIFDLKAFISL

Bovine-CoV —-—--- A---FAWVLFH

}050 }060 }070 }080 }090 }100 }110 }120 }130 }140

1 1

Covid-19 ————- FLRDGWEIVKF
GCCDC1 ————- SVVNCAEAVLS
HRUI ————- A-—-TGWLLYQ
HRKU14 ————- A---FAWVLLH
HRU24 ————- A-—-LAWVVLH
HRU4 ————- FINDMFKLFKV
HRU5 ————- FISDMFTLIKV
HRU9 ————- AWLPYAEGLLA
Hedgehog-CoV —-—-— FLNDLLSLVKL
MERS-COV ————- FLLDLAGLFRI
MHV ————— A-—--AGWLCYQ

0C43 ————- A---FAWVLFH

229E AFVDTIVPP KIWNGVIKNVNYVRDWLKSLKLNLTQQGLLGTCAKRFKRWLGI
Bat-CoV-1A VFK--TKVE SIFGTFINTVNDAVNFVKSLKITVTATEVMINTVKRFKRFAS

BtCoV512 VFI-PRVPD SIWTSFILSVRSATDFIKTLKIDLGLNGVVVFVTKKFRKAGAL

BtMr-AlphaCoV TLA--GAVE IWRKVVSVFDGVTDFLKNLKIQFGLNGFVGTCAKRYRKILNT

BtNv-AlphaCoV —-—-—-- DIFHKFLSTVTDVVEFCASIKVHFGLEGFVITAAKKFKAFART
BtRf-AlphaCoV QFL--EPVS NIWNKFIKTVTDAVEFVKSIKVSFDLNGVVVKATKRFKRFAAT;
CDPHE15 HMA-PAVPKPHPLFLQIDGGAIWRSVVRRVSAVADFVRNLKVSFGLEGI IVSAARKFKQWAKL

FCoV KIQTIKNII

Ferret-CoV N--DYANL IMWYRCMKGVTGPIVT---RAACSFVGGCVKVCLEGFDSVAARVEVC
HKU10 QFV--KSVD GIWKTFIQTVSDAVEFVKSIKVDFGLDGIIITATKRFKKFAGILLNL
HKU2 P--SVDAYLG RLWRTVINGIGDAVNFCKNLRLHFEFGELKGTVVKRFKGILGTELTVYNEFIQTTV——————— ISAKYYAFDKPMLC--MHGITERVTSFDITS——————

HKU8 IFK--GEL KINTEFITGAC———————KTVVIGGLEFAYYCFAKPAIA-—LGDIFVRVSKNALSA——————
LuchengRn-CoV QESDSVEIDCAPLESTIADDTLYLGRSEFWKNHWN-——————— DDLKWCDMELQKLW-———————— e
Mink-CoV D--DYKNLLEPKVLFRLDNGIIWYRHIRSVKNCKIT---HVTCTFTGGILKLLLDGYDALAGMITRGYQQLCKAKP——————— TLNGFTTPIGRDFLDFGEDVVEIFCmmm——mm————

NL63 VLLERFLP CIKYYAVNVPYVV--ISGFVSRVIRRERCD--—--—
NL63-related ALLEHLNP AIKHYAVDVPYVV--IGDFVSRVVCKKRAD—————-
Porcine-EDV CFM-PTIPQCPAVLEEIDGGSIWRSFITGLNTMWDFCKRLKVSFGLDGIVVTVARKFKRLGALUAEMYNTYLSTVV-——————- SFKYYATSVPKIV--LGGCFHSVKSVFASV——————
TGE NIOATKNITLCPDPLLDLDYGATWYNCMPGCSDPSVL—~~GSVOLLIGNGVKVVCDGCKGFANOLSKGYNKLCNAAR— == ===~ IPFSTFKTPTN-TFIEMTDAIYSVIE———————————

Beta-CoV cons

_____ 5---5326722

Alpha-CoV cons

000--0141722331295351992335126331241---0010423336532366475356002025953752542

Combined cons

=in i §




. }150 . }160 . }170 . }180 . }190 . }200 . }210 . }220 . }230 . }240 . }250 . }260 .

Bat-BCoV S---IQDLVLPSTVSK---KELTFVDGHAIDT----ELTSEENMTVLEGIVEQLDTDTNKIAGDSIKGDLVTVNNCVFVRFGDG--NL-SPATTD-==—==—=———— C——--0ATKG-========——— \%

Bovine-CoV V----YDLTMPSQVQK-AKQKPIYLKGSGSDF----SLADSVNEVVTTSHTPC----GYSEPPK-VADKICIVDNVYMAKAG---DKYYPVVVD-——————————m——— GHVG---—————————— L

Covid-19 E----TGLLM-PLKAP---KEIIFLEGETLPT----EVLTEEVVLKTGDLQPLEQPTSEAVEAPLVGTPVCINGLMLLEIKDT--EKYCALAPN-————————— M====-MVTNN-==————————— T

GCCDC1 T----LGAMLTPRQQR---MEVEVEDGKYDAP---VAITVPELEELNGTLEEVFG---FDDLTLVRGSLVALASKVFVRTDDG--LLFRYVKSG-————————— G--=-V-FLK-—==————————— A

HKUIl A=----QE-—==———me——— QQOIYFFEGVAESV----IVEDDVIENVKSSLSSY----EYCQPPK-SVEKICIIDNMYMGKCG—---DKFFPIVMN-————————— D-——--KNIC-—=—————————— L

HKU14 R----RDLVVPSVTQRAKNQQPVYLTGNCAPV----NVDDDVVEVVTNPVTSC----GYQKPPQ-KCDKICIVDNVYMAKCG---EKFFPVVVN—————————— E-==-DYIG----=———————= L

HKU24 M----IQ0-——————————— HGDVIPV----TLESEVVEVVKQPLKPL----GYRKPPM-KAARLCVVDNLYMAQNG---DCLYPVIFD---—-—————— G----QRIG--—===——————— L

HKU4 TLQGQMNLVLPGDYNK---KTLGILDPVPNADTIDVNANSTVVDVVHGQLEE----PTNEHGPSMIVGNYVLVSDKLFVRTEDE--~EFYPLCTN-===———==— G-——-KVVST-————— - L

HKU5 SLODQFDLVIPGDLSK---KQIGILEPTPNSTTVDKKINTNVMEVVVGOLE----PTKEHSPELVVGDYVIISNKIFVRSVEDSETVFYPLCTD--———————— G----KIVPT-—-—————————— L

HKU9 R----LGLLLTPKQQK---MEVEVLDGDFDAP-~--VTLTDLELEECTGVEEEVFG---ASDVKLVKGTLVSLASKLFVRTEDG--FLYRYVKSG=-=====—==== G-—=-V-ILGK--—————————— A

Hedgehog-CoV VVGAHLEATIPGEVVK---KQLSMETATNYSTTVDVRPKTR E----TTNMHSPDVVVGDYVIVSDKVFVRSEEDGRLAFYPMCTN=-==——————— G----KAVPC--——————————

MERS-CoV SVQODLDVILPGEFSK---KQLGLEQPTDNSTTVSVTVSSN. E----QTNMHSPDVIVGDYVIISEKLFVRSKEEDGFAFYPACTN-- G
MHV C-===SE-=———=—=—=————— ATC--LVGEIEPA----VFEDD TYQ----GCCKPPT-SFEKICIVDKLYMAKCG---DQFYPVVVD-==——————— N

0C43 V--—--YDLTMPSQVQK-AKQKPIYLKGSGSDF-—-—-SLADS TPC----GYSEPPK-VAAKICIVDNVYMAKAG---DKYYPVVVD
Rat-CoOV C————SE———————————— ATC--LVGESEPA———-VFEDD TYQ----GCCKPPT-SFEKICIVDKLYMAKCG——-DQFYPVVVD-————————— N————DTVG-———————————— v
SARS-COV Q===-LOLLM-PLKAP-——KEVTFLEGDSHDT----VLTSEEVVLKNGELEALETPVDSFTNGAIVGTPVCVNGLMLLEIKDK=~EQYCAL.SPG-=—=—=—=—— L————LATNN=——————=—=—= v
229E ——————- ELFPHNDRI---KSFSTEESAYMPIADPTHFDIE-----EVELLDA-—---EFVEPGCGGILAVIDEHVFYKKDG———-VY¥BSNGT-—————————————— = A
Bat-CoV-1A ——————— FNVAVEAGL---NTVKTESGGENPI-TFSRVEVA-—---—SVELEHA-----EYVKPEANGHVSVINGHTFYTCGD———-YY¥PCDON-—————————— o — NCFSQ-—————— oo c
BtCoV512 ——————— LQIPTEDGV---ADFNTENHCVFPV-NPTRIETD-----SLELEEV--—--DFVEBGVDGKLVILDDYSE¥SDGT-—--NY¥PSDGK——————————————— GVVAS-——————————— c
BtMr-AlphaCoV ——————— LDVPCEEGA---AEFNVEEGGVHLL-KPTAVELA-—-—SDMENLET-- - --DYVEBCAGGVLRICDDYAWYMDGD - -~ ~RF¥PYGDN——————————————— GVIPL-——————m o c
BtNv-AlphaCoV -----—--SDVSKEALV---TDFMVEKSPDTHV-KPIRIETE---—--SCEMHEV--—-— ESNG--—-NY¥PSSVD-—————————————— GVRNV-——————————— T
BtRf-AlphaCoV -----—-LNLSVQDVV---VEFNVEDGATVEV-TPKRVEKE---—-EVSLEEV--—-— SCGD--—-LY¥PSNEN——————————————— AVVPL———————————— c
CDPHE15 ——————— VGLQTEEGV---DGFYAEDHCQLPV-TPRLLQVE-~—-—-DVNLEEA-—-——-— VEGD----SY¥PTDCS————————————=—— ATHSL———————————— R
FCOV ——mmmmmmmmo Y-—- KTASVPVTNSGIITTDDW-SDPILEEPA—-——— KDED---DHFYPYGSG-—————————————— MVVQK———————————— M
Ferret-CoV —————————m—emeeu D-—- TGATVPVNVSDF-EDDVR-GDVV- TTDN-—--EKF¥PFGDC-———————————— = — KVVPK—————————— L
HRKU10 ————--—-CTIAAEDIL---VEMTVEDSFEIPI-QPSRVEVQ--———QVEFEEA---—-EFVQPQAGGVL.AVVNKHVEYNKGD————YY¥PANET - —————————————— HAVPV-————————— = c
HRKU2 ——————— LGKPILDGL---SRCN RVLPL-——————————— R
HKU8 ——————— FNRPTEAGA---VDALVEEGGDIET-VCSRVQFD---—-TVALEPV-----QEVPVPSD@YVAVVDGYTFFTDGT--—-HYFBTGLS-—————————————— RCYTT———————————— c
LuchengRn-CoV DKVERGNEGSYSGNGMDYNTVFRVALRKLKLSNAKAC
Mink-CoV ——————————————— G---GKTRCHSGASIPVSVEKIVEDDVW-STTI-EEET-----EYQPPRNGEVVVVIDGYTEYTCNH-——-EQF¥PFGDS-—————————————— KVVQK-——————————— L
NL63 ——————— MTFPCVSCV---TFFYEELDTCFGVSKPNAIDVE---—-HLEHUKET-- - - ~VFVEBPKDGGQFFVSGDYLWYVVDD-— -~ TY¥PASCN———————————— e GVLPV-——mmmmmmm o A
NL63-related —-—-—-- VPVPCDSRI---TSFHEEVDAVYKVGKPTTIDVE---—-HLELUKET-----SFVEBPKEGGQFVVSDDYFWYIMDD-—-—IC¥PASED——————————————— GVLPV-——————————— A
Porcine-EDV ——————— FQIPVQAGI---EKFKVELNCVHPV-VPRVIETS--—-—-FVELEET-———— YDGT-——-LY¥PTDGN-—————————— - SVVPI——— oo c
el —— 0---GKALSERDADVPVVDNGTISTADW-SEPILLEPA————— KDED——-EHF¥BYGFG=———————e e e e JAT/0) ;S —— M

Beta-CoV cons

Alpha-CoV cons

——————————————— 0---0010020000001-00001100-----0101002-----000010003011635374

1241-—=-255 3323-————o———cm——u R P — 3

Combined cons

--------------- 0---2440082131133-——=21444
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. }300 . }310 . }320 . }330 }340 . }350 . }360 . 1370 . }380 . }390 .
Bat-BCoV FKLKGGNP-----DKVKTVTEGE--———————————— KEITPY-ITVNVKYTVHDLLDKIELN-V-RLP---SETVEKGLTLOELTAVVEDAVVTQLEAMRAILLEA-GVDIDIDDLIDSPYYM
Bovine-CoV LDQAWRVP-—--—-— NEIASTPKTIKVFYELDKDFNTILN-T-ACG---VEEVDDTVDMEEFYAVVIDAIEEKLSPCKELEGVGAKVSAFLOKLEDNSLFL
Covid-19 FTLKGG IEVQOGY-KSVNITFELDERIDKVEN-E-KCS---AYTVELGTEVNEFACVVADAVIKTLOPVSELLTPL-GI--DEDEWSMATYYL
GCCDC1 FRLRGGGK-----P---KVSFGE—-———————————— RTVPRV-LTVNFTYDVCEGLDGVEN-K-LMA---PFEVEEGTKLEDLALVVQEAVAEKLRELFEDCPAD-VRPIDIDAFADDECYI
HKUI LDQAWRFP-----CAGRKVUNFNE---————-—————— EIPSL-MTVKVMFDLDSTFDDILG-K-VCS---EFEVEKGVTVDDFVAVVCDAIENALNSCKEHPVVGYQVRAFLNKLNENVVYL
HKU14 LDQAWRFP-----CAGKKISFVE-————————————— KEIVTK-KTVKVCFELDANFNTILD-T-ACS---VEEVDNTVDMEEFAA ADATEEKLTPCKELDGVGIKVSAFLOKLEDNNLHF
HKU24 LDOAWRFP-----CAGKSVSFAA-————————————— KITIA-AKKKVTVEYDLDVEFNTIEN-T-ACN---SEEVDGSVDADELAAVIVDTIQDKEESCKTLEGVGAKVCAFLSRLDEEPIYL
HKU4 FRLKGGMP-----S--KKVTFGD---——==——————-— VN-TVEVTAY-RSVSITYDIHPVLDALLSSS-KLA---TETVEKDLLVEDFVDVIKDEVLTLLETPLLRGYDID-GF--DVEDFIDVPCYV
HKU5 FRLKGG EQ-TKEITAV-RSVSVDYDVHPVLDALEAGS-ELA---TETVEKDLPVKDFVDVVKDEVIELHSKLLRGYNVD-GF--DLEDFADTPCYV
—————————————— EE—IHTIPNT—VTVNFSYDVCEGLDAI D-K-VMA---PEQVEEGTKLEDLACVVQKAVYERLSDLFSDCPAE-LRPINLEDFLTSECFV
Hedgehog-CoV FTLKGG. DE-IHEIDAV-RTVTVEYNIHPVLDTLLESNT-ELK---T ¥ DKDLTVSEFALVVOEAVADLEAKLLRGIALD-DF--DHEDFIDTKVYV
MERS-CoV FRLKGG. HEVAAV-RSVTVEYNIHAVLDTLEASS-SLR---T) DKSLSIEEFADVVKEQVSDLLVKLLRGMPIP-DF--DLDDFIDAPCYC
MHV LDQCWRFP-----CAGKKVEFND--———————————— RKIPST-RKIKITFALDATFDSVLS-K-ACS---EFEVDKDVTLDELLDVVLDAVESTLSPCKEHDVIGTKVCALLDRLAGDYVYL
0C43 LDQAWRVP-----CAGRRVTEKE--———————————— KEIISMPKIIKVFYELDNDFNTILN-T-ACG---VEEVDDTVDMEEFYAVVIDAIEEKLSPCKELEGVGAKVSAFLOKLEDNPLFL
Rat-CoV LDQCWRFP—-----CAGKKVVEND—————————————— KEVPST-RKIKITFALDATFDSVLES-K-ACS---EFEVDKDVTLDELLDVVLDAVESTLSPCKEHDVIGTKVCALLDRLAEDYVYL
SARS-CoV FRLKGGAP—————-T ——KGVTEGE—————————————— OGY-KNVRITFELDERVDKVEN-E-KCS——-VYTVESGTEVTEFA AEAVVKTLOPVSDLLTNM-GI-—-DEDEWSVATFYL

229E FTRAAG----—------GKVSFSD--——-————————— KDIEPV-YRVKLCFEFEDEKLVDVCEK-AIGKKIKHEG-DW---DSFCKTIQSALSVVS———————m————————— TYYI
Bat-CoV-1A FKRVGG----------SAVTESE-————————————— KQIDPV-YRVKLVFEFEDDTISSVCKQ-AIGKYISFEGNDW---SSFEETIHNAMNVVG--———————————— DYFI
BtCoV512 FKKKGE-----=-====-GVVTISD-=-=-==—=————u—— RTIDPV-YKVRLEYEFEDETLVKVCEK-AIGTKLKVTG-DW---SNLLETLEKAMDVVR-————————————— DYFV
BtMr-AlphaCoV YKLGGG------—-—---DRVTEGE-——-———————————— DEIKEIPAR-NNVKLIFEFENDVIAEACKQ-AIGKRISFEG-DW---SDLCEMIDIAMKALS—======—=—=—=—=—=—— EYYTI
BtNv-AlphaCoV YRKKGG------—-—-— KEVDPV-HKVYLTYEFEDEVVVEVLKQ-TVGYKMTFEGQEW---ADFEATLRGVLSVVS EYFV
BtRf-AlphaCoV FKRSGG------——--GKLOFSD—-———————————— KEIDPV-YKVKLDYEFEDENIAAVCKK-AIGSKIKYNGSDW---EGFCEQIHSVMTVVG-——===—=—=—=———————— YT
CDPHE15 FRKLGG----------AGVAFSE---——————————- KTIDPV-YKVRLDFEFEDDSVVALCKK-TIGKSIKFNGTEW---DKFVAILETALGVLA-———————————————— PYFI

FCoV YNKMGG--------GDKSVSESD---==————————-— REIEPV-TRVREEFEFEDNEVVTQVLEK-VIGTKYKFIGTTW---EEFEDSISEKLDKIFDTL-=========—=— FI
Ferret-CoV YNKAGG--------G-KNVTESD-----————————— REVDPV-FKVKVTFEEDDDTITGVLNT-VIGNTMTFEGDSW—---ETLENLLTTQVDAVFKQL-=====———=——— Y

HKU10 YKRGSG---—----TNGTVVKESE--—-—————————- KEIEPV-HRVKLEYEFEDETIVEICKK-VIGKRYKFTGTEW---EELCSYIHSVMKTVS - === ———mmmmmm FV

HKU2 FRRKKAG-------—--GKNVAFDD--———————————— TEIDPI-FRKVKLOSFEFEDEKLIELCKK-VIGSKVKC--SSW---SQLVEIIDTALTATK-—====—=——————— FI

HKU8 FKRGG---========-GTVEFSE---——=-—————-—- KEIDPV-YKVREEYEFEDENIAIVCKK-AT KIITFEITD —-——SEFEQTLINAVSVVG--—==———————————— DFYV

LuchengRn-CoV WVCKCGAQVELDGLDACVGH PFELIAPG-YAMGP----VDIALSRACVVAAIGYMATAHTSAVVHVGARPLLIDDDNDVAF -YYA

Mink-CoV YNKSGG--------DVKNVTEND---——————————— REVD KITYEFDDDTITNVLKT-VIGTSVTIEGNNW---ELLDDTLTEKVDAVFSQL-=-—=———————— SYYTI

NL63 FTKLAG----------GKISFSD-—-———-—=———=——= HDVE KLIFEFEDDVVTSLCKK-SFGKSIIYTG-DW---EGLHEVLTSAMNVIG-=-======————————— QFYI

NL63-related FSKSAG-------—---GKISFAE-————————————— HDVE KLVFEFDDDNVARLCKK-SLGKSIMYTG-DW---DGLCKMLTSAMNVIG-——=—————————— QFYI

Porcine-EDV FKKKGG----------GDVKESD—-—-——————————— KTID SLEFEFESETIMAVLNK-A RIKVTG-GW---DDVVEYINVAIEVLK--===——————— YI
TGE YNKMGG———————-GDKTVSESE—————————————— OEIA KLEFEFDNEIVTGVLER-AIGTRYKFTGTTW-——EEFEESTSEELDATFDTL——————e——————

Beta-CoV cons

5746443-==-- 2-- 24-7339203-4395719493127839+5-2-283---2949257174985392649243-2282312222-23--396373330677

Alpha-CoV cons

0527449373-44836023247439527834-674253302-46---423124+12263463-—-—————————————— 3443950997

Combined cons

23-7869366-459572947332343273-2-288---1648133---648224914282242-———————————————— 42624316
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| }400 . }410 . }420 . }430 . }440 . }450 . }460 . }470 . }480 . }490 . }500 . }510 . }520
Bat-BCoV FDNAGDSVIGPV--MYFSNQQOPVDSDELTTASETEEVVEDAKHAAT - === === ——————————————— K R—————- SSQDWLD--DS---CSEDDCEEEDAVTEAESAA—-————— DSAP
Bovine-CoV FDEAGEEVLASK--LYCAFTAPEDDDFLEESGVEE-DDVEGEET---DLTVT-——————— Se—mmmm e Ammm e GEP-—— e
Covid-19 FDESGEFKLASH--MYCSFYPPDEDEE-EGDCEEEEFEPSTQY — = —— == — o e e e e e e EYGTEDDY-=——==———m—— - ——
GCCDC1 YNMDYEKVLSTE--MYFSLEDVTPVEDEDECASEVQSSDDCEE - —————— ——— o e e - Q-
HKU1 FDEAGDEAMASR--MYCTFAIEDVEDVISSEAVEDTIDGVVEDTINDDEDVVTGDNDD--E---DVVTG--—-—-—=——— DN=—===- DDEDVVTGDNDDEDVVTGDNDDEDVV-TGDNDDEDVVTGDNDD
HKU14 FDEAGDCVLASK--LYCTFSAPIDEDFGES-EYEE-GDVDVDET---DSIVT-——————— Semmmmm— e T—————- S-QEVCAGSGIP-—===————————mmm e m
HKU24 FDECGDEKVSSH--MFCTFCPPEDDDVVMFECEAEGCDLSEVET---PEAVEAEPASQ--S———————————————— D———e—= SQYGNVDGNGVGDVKAVDAVETEAVV-NSES—======——— EQ
HKU4 YNQDGDCAWSSN--MTFSINPVEDVEEVE-EFIED D D—==——- DEEAWAR--AVEEVMPLDDILVAEIELEEDPPLE--TALESVE
HKU5 YNAEGDLAWSST--MTFSVNPVEEVEEECDDDYVED E Eeeee— DENSWAA--AVEAVIPMEDVQLDTLVAEID-VSE--PADDVAE

HKU9 YSKDYEKILMPE--MYFSLEDAVPVDDEMVD———————— DI E D — — — — - P
Hedgehog-CoV FNLD IFSVHPVDCDDEEIDDALEED————————— - — o e D-—-SFNEE-——————— o EPDSWAE--MVDAIFPLSDEAEGDVVVEEQSLVD--DAGVVSP
MERS-CoV ENAE IFSLHPVECDE-ECSEVEASDLEEGESECISETSTE-————— Q--V——-DVSHE-—-————— | SDDEWAA--AVDEAFPLDEAEDVTE—————————————— SVQE

MHV FDE YCSFSAPDDEDCVAADVVDADEN-——————— Q-———- DDDAED--S-—-AVLVA———————— DT-———- QEEDGVAK-———————— GQVEA-———————— DSEICVAHTGSQ

0C43 FDEAGEEVLAPK--LYCAFTAPEDDDFLEESDVEE-DDVEGEET--~DLTVT——=—=——— S Ammmm e )

Rat-CoV FDE S———VVLVA-——————— DA-———- Q-EDGVAK-———————— EQVEV-———————— DSEICVAHTGGQ
SARS-CoV EDDAGEENFSSR—-MYCSFYPPDEEEEDDAECEEEE IDETCEH = = = = = = = = = — = = = — = = = — =~ — — — — — = = — = ———————— === ——————————— EYGTEDDY————=—=——————oo e
229E ¥DEEGGNDLSLP—-VMISEWPLFESDKEEDVQQAQQ —— —— — = — = — = — o o -
Bat-CoV-1A ¥DEEGGHDLTNT--VMISOWPV———————— FDPSALQLLVADLGVNCDFNGKSSIEECLTSV-————— SDTVLCVSLEKSCDCGTFNAIMEG-—--FALDFKPCTDSDVCDNCGG-F~-CT——————
BtCoV512 ¥DEEGGTDLNLT- - IMVSQWPLSSDSEDD——— —FRKAVDDE - — = — = — = — o — o o oo PNA-————————————— NTDETVDT-——————————————
BtMr-AlphaCoV ¥DEEGENDLDLP - -VMISOWPCNAEDAVASVCEAVDVCE - — = —GD = — = — = o o o DCTMDMQFCET-—~-TDISITTCNAVDT —————————m—m e m e —

BtNv-AlphaCoV PIQVSDSVDHETVD-=—— = e

BtRf-AlphaCoV SCDGESNEQKEEEQQIQ
CDPHE15 PPADVDESCDDSDDDDDSDH

FCoV

Ferret-CoV

HKU10

HKU2

HKU8

LuchengRn-CoV ¥AV————————————

Mink-CoV

NL63

NL63-related

Porcine-EDV

TGE.

Beta-CoV cons

2469136462--965752224339003000000--————— o DD LT

Alpha-CoV cons

N
53033020001--286644600000000000200 === === == === =~~~ — — T

Combined cons

4464326421==8677334632300030000300=——————— == —— ——— m— — - — o

Alignment qual L m_ . h . 3
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. }530 . }540 . }550 . }560 . }570 . }580 . }590 . }600 . }610 . }620 . }630 . }640 . }6
Bat-BCoV ALVVVIEEP-KSTVSSVS—====—=—===— EEPKFPLPEQCSVET === mm e e e e e e e e — HIVVDDTNSKRLLWSDMVEATCGSATDGNE-———————————— GTVGE--——==————————
Bovine-CoV —————————————— Cmmmmm e Vemm e ASEQEE-—————————————— S SEILEDTLDD---GPCVETSDSQ-—========
Covid-19 ————————— e OGKPLEFGATSAA-———————m e e e e e e LOPEEEQEEDWLDDDSQQTVGOQODGSE-—====—— == e e e e e e e e e e e
GCCDC ] === m e e TEQFDESDDDTWLGADDTEAEAD - ——————— e e e e e e
HKU1 EDVVTGDNDDEDVVTGDNDDEDVVTGDNDDEDVVTGDNDDEDVVTGDNDD-—-—-—=—=—————————— EDVVTGDNDDEDVVTGDNDDEDVVTGDNNDEEIVTGDND---DQIVVT-———————— GDDVD
HKUl14 ————=————————— Cmmmmme e GTDC--NSIANGQEE-——=====—=—————— A SEVFEIAEVE---DSILEELQVSIQA--HDEVD
HKU24 SQALSANKE---LLC-—---—- AVFEEDVEATEPVIVTDCISSSVASEVEQ-—————————e———— Ve EEVFDIATCD---DPILQELEQVVNV-=-E————
HKU4 AEVVET - === == e e e e AEAQE P SV === e e e e e e e e ESIDSTP-—————————— ST---STVVGENDLSVKP--MSRVA
HKU5 QA--ST-—————————— - —— EEVEVPSACVLEA-——— === e SQVANA-—-————————————— AEVESCEAEVSS---SIPLHE-———————— DANAA
HRKU9 === e e e e e e e e e e e e e e VEQ-ASDSDDQWLGDEGAEDCDN == === === e e e e e e e e e e
Hedgehog-CoV SA-—-A-———————— - ——— AEKIVPMHDVSDD-==—— === mmm e e e e — SASNNEESLSADVEPKGVAPPVEEVIVETKVPT---TLILEESDNPVLA--DADSS
MERS-COV EA=————m e e e e QPVEVPVE = e e e e e e e e e e e e e e D—mmm e IAQVV
MHV EELAEPD—----- AV-GSQ--TPIA----SAEETEVGEASDREGIA---EA-—————————————— KATVCAD--AVDAC---PDQV—-======—— EAFEIEKVE---DSIL-======—==——— DELQ
0C43 —————————————— Commmmm e Vemm e ASEQEE-—————————————— S SEVLEDTLDD---GPSVETSDSQ-———====——
Rat-CoV DELTEPD-——---— AV-GSQ--TPIA----SAEKTEVGEASDREGIA---EA-—————————————— KATVCAD--DLDAC---PDQV—=====——— EAFEIEEVE---DSIL-========——— DELQ
SARS-COV mmm e e e e e e e e e e e e e e e — OGILPLEFGASAE T ————— — —— - — — — — — — — — — ———— VRVEEEEEEDWLDDTTEQSEIEPE — - — = — = — — — — — — — — — — — — — = — - — - — — — — — —————
229 == e - EA-——— THIAEDVVD == e e e e e e QVE
Bat-CoV-1A TTVLSMTGTGFV-—————————————— RSCDEPLMPFNVTFEGYGVYKNVCFVNDTVLPPPFDEEITPIEEDLVVEDVITADEVVDVE--TT--AQVEEVTVVS-AIEEDIIKPEEVIDVS--SDIE
BtCoOV5] 2 === e e e e e FA-EDVAETQNVQQODVT—————— QDE-—=——————- VEAVCDLVVKATEEGPI ———-- EHEELS--EDQK
BtMr-AlphaCoV ——————— e GV A Voo HKALSRTVVVQTAS--DPQK
BtNV-AlphaCoV ————— = e e e DTVDTTPR--SDED
BtRf-AlphaCoV —TDVS———— e e e EVESE-PAPPEVEVPQKPQ———— === e e e e e e e e e e e e YQOQEQKPAV--DQOA
CDPHE]l5 - - === STDEQLMGQDTAPDSAS-—-———— TDESHETE--PNGVSLDEDLSAKQEEALNALDNAIGSASAA--TEEE
FCOV EDV=— e e e e e e e e e S——————— S-VEGETVSVVDVEDFV---EQVSLVEENNV----LTPAVNPDEQLSSVEKKDEVS
Ferret—-CoV =P == e e e e e e e e e e SDDD
HRKUI O =TV = m e e e e e e e e e e e e e e e e e e EATSKSQVVQPLK=== = e e e e e e e e e e e e e e e e e QQEPVKPQK--SQIE
HRUZ ————— e e e - EEQAVEQVEPVVEDV--SDII
HKU8 STITSMVGTGFV=-==————m——————— DLCDNPVVPFDCVECGFGGYNGVCFVNVDVAIPPPEDLPPPPEPE-————————— e e PEPP---V--DAMQ
LuchengRn-CoV VI——————————— e SGTTTYHCLGNP-NGFNARDQLRTAISKCPDGSEILFPKVNI-——-- RI-——— e RDLVL——— e e e \Y
Mink-CoV —TV=—m e e e e e - S—mmm——— EVVEEHVVVSEDVEG-=====——— = — VVDEIVSD
NL63 ——————m e TDFHQLECIVDDSVRE === e e e e e e e e e e e e EVD
NL63-related ——————————————— PTVDPAQPDLTEEDIVLDNEVVDFV—-——— e TEQT--SEVE
POrCine—EDV ———— e SAPEKVADVANSE-—=—— = e PGDDGLPV----APETNVE--SEVE
TGE EGT——mmm e e e e e e e S——m SOEEVETVEVADITS ————— - m o mmm o — TE-—-—--EDVDIVEVS

Beta-CoV cons
___________________________________ 0 m e e e~

Alpha-CoV cons

Combined cons

Alignment qual



. }660 . }670 . }680 . }690 . }700 . }710 . }720 . }730 . }740 . }750 . }760 . }770 .
Bat-BCOV —————————————— VDT—————————— CAV—— o e e~ AV—NRDNT———————————————————— = STQST-————- VTVSPQREVHHY ————————
Bovine-CoV ———————- VEEDVEMSDFADLESVIQDYENVCFEFY---TTEPEFVKVLDLYVPKATRNNCWLRSVLAVMQKLPCOQFKDKNLODLWVLYKQQYSQLFVDTLVNK I PANIVVPQGGYVADFAYW-FLT
COVId=19 ——mm e DNQT———————————— o — oo —— To e TIQTI-————- VEVQPQLEME-——————————
GOCDC ] = m o VSFPV—————— VEGIPEA-————————————
HKUI D=—————— IESIYDFDTYKALLVFNDVYNDALFVSYGSSVETETYFKVNGLWSPTITHTNCWLRSVLLVMQKLPFKFKDLAIENMWLSYKVGYNQSFVDYLLTTIPKAIVLBQGGFVADFAYW-FLN
HKU14 VV----SADSDSVLVHDYIDGVNYDTFYCDTVFDFYVA-HKEPDFVKVLGVYVPKATRNNCWLRSVLAVFQKLPCTFKDKNLQSLWL.SYKQQFDQLFVDT IMQKIPANIVVBQGGYVADFAYW-LLT
HRKU24 ——————mmomoee YQLHGNVCDYVAAYEEAVSDFWT--VQQDEF I HVCGVFVPKTTRTNCWLRSVLAVMOK I PCVFKDKKLONLWCVYKNQYSSDFVDALLKKIPDNI IVPEGGYVADFAYW-FLT
HKU4 E————————————— TDD-————————— VLB — — —m o LETA-————- VVGGPVSDVTA—————————
HKU5 K——————mmmmmm AND—————————— CAE——— e GMPALDST—————————m e Eommm e TVSKL-————— SVDTBVGDVTQDDATSSNAT
HRU 9 = — o e o e 1 o
Hedgehog-CoV Q-————————ee—eu QSD———————m = 0.7 HV VL — o GTTNT-———— S———
MERS-COV IT—————————o—e AD-————————— TLQ-———————mm e 1

QOGGYVADFAYF-FLS
0C43 ———————- VEEDVEMSDFVDLESVIQDYENVCFEFY-—--TTEPEFVKVLGLYVPKATRNNCWLRSVLAVMOKLPCQFKDKNLODLWVLYKQQYSQLFVDTLVNKIPANIVLPOGGYVADFAYW-FLT

Rat-CoV T=====—= QOGGYVADFAYY-FLS
SARS=COV mmmm e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
229E EVNSIF----DIETV---DVK RVAKMIE
Bat-CoV-1A AVNHALSFMKP--TE-—-TKF-—-——-— SVSPL
BtCoV512 EVQOALAFIE~-==DK===PVV=—-——— RVSP
BtMr-AlphaCoV EVEEALAYMKPEV-V--—-KPV-————— SVKHF
BtNv-AlphaCoV EVREALSFIKEV-EP---QP LLDLL-DTPA----MDLYKCGRVGPL
BtRf-AlphaCoV EVEAALSYM-TPTAP---KPT----—--EN--P---—-—--F-AFEYYDLNGIKVLROCDNNCWVASALVOLOLLNVN-EDYT—-—--— YFFKSGRLSPL
CDPHE15 EVNDALSFMTESSPK---PCE-————— LLGVIGDDSA----MALFKVGRVGP
FCoV AKNDPWAAAVD---E---QEA AFDFFN-HDL----WDGFKKDDVMPF

Ferret-CoV VDEDGC————————— e
HKU10 EVNEALSFMLEPVQQ-—--KPK-—————

HKU2 EVNKAFAI-———-— DD---SPK—————-
HKU8 EVAEALSFIVD--EP---SAF—-————- LYGF--DSDA----MSLF

LuchengRn-CoV CASKKLSFVLADYDADDFNAH------VAKVH--—---— LCDYYTKDDM---VWQCAL

Mink-CoV VDDEPI CLKALE-DES----FKQYC

NL63 ITEQPF--—--EEV-E---HVL LTKLLDDSIE----MQLFK
NL63-related QUVNKAF----GPVVK---SAP——————
Porcine-EDV EVAATLSFIK---DT-—-PST——————

TGE AKDDPWAAAVD———V———-QEA——————-FQFNP————— AFDFFN-NEA--—--WEKFKKGDVMDFNNIL,

Beta-CoV cons

Alpha-CoV cons

|
323226-——————- 0---000--——-- 00002-—————- 5-17241332"344-4711 77775639+74350--213----1226335362189528433332-2"25+9641794----1

Combined cons
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(S ——— e —— 000———————m—mo—oooo- 00000012————————————m—o—omo O———m—mmmmmmmm oo 12101-——=== 0-011030000010--—-00

Alignment qual
.__._L_m_ﬂ“h mall



| ZIL780 . ZIL79O . 21.800 . ]|'810 . ]|'820 . }830 . }840 . ZIL850 . ZIL860 . ZIL870 . ZIL880 . ZIL890 . ZIL900
Bat-BCoV VVTEEK---WDEHVCGS-CK-—--PCEIP—————— LSVKAKRVNQNSVNCGEKAVVTVN———STTVF ———————————————— NTPVPREVEAK—————————— e mme e — TANEQPKVD---S
Bovine-CoV LCDWQCVAYWKCIKCDLALK-—-LKGLD-———— AMFFYGDVVSHVC-KCGESMVLIDVDVPFTAHFALKDKL ———————— FCAFITKRSVYKAA—————— CVVDVNDSHSMAVVDG---KQID---D
Covid=19 === L TPV——————
GCCDC ] = —mm m e
HKU1 QFDINAYANWCCLKCGFSFD---LNGLD-—-—— ALFFYGDIVSHVC-KCGHNMTLIAADLPCTLHFSLFDDN—-—-————— FCAFCTPKKIFIAA-————— CAVDVNVCHSVAVIGD---EQID---G
HKUI4 LCDWNAASHWRCLKCDLALN---LQGLD-———- AIFFYGDIVSHVC-KCGESMVLLKVDVPFTAHFAVKDKQ———————— FCSFTTQRRIFKAA—————— CVIDKNDRHSMAVIDG---KQID---D
HKU24 QCKWDANSYWRCLKCGIDSE---YKGLD---—— AMFFYGDVISQPCKKCGQSMVALKLDAPCTLHFSLIDTT———————~— FSAFFSLKRVYLAA—————— CVVDVHNRHSLAVIDYNGLKQVD---G
HKU4 IVTNDIVSVEQAQQCGVSSL---PIQD-——————- EASENQVHQVSDLQG-————————=— Neo——Eommmmmmmm o LLCSETKVEI —~———————mm e e e VQPR-———— 0
HKU5 VISEDVH--TATHSKGLVAV---PEVVP—————— EKALGTSVERMRSTSE-—————————— WIVVE———————m e TSLKQETAVI————————m e m e VKND—-———— S
HRU D e e e e e e e
Hedgehog-CoV EVCVDVE—-————— HCVVDQI---SEEVP-————— KGAAPPVMEEEKPSQE-—————————— A GSPEP-SLKE~———————— e DKPH-———— K
MERS-CoV -VPDTVE--VPPQVVKLPSA---PQTI-—--————=——— QPEVK-———— e e - VAPVYEADTE--=-——— e QTON-———— v
MHV QCSFKAYANWRCLECDMELK---LQGLD—---— AMFFYGDVVSHMC-KCGNSMTLLSADIPYTLHFGVRDDK-——————— FCAFYTPRKVFRAA-————— CAVDVNDCHSMAVVEG---KQID---G
0C43 LCDWQCVAYWKCIKCDLALK---LKGLD----- AMFFYGDVVSHIC-KCGESMVLIDVDVPFTAHFALKDKL-====—=—— FCAFITKRIVYKAA-————- CVVDVNDSHSMAVVDG---KQID---D
Rat-CoV QCSFKAHANWRCLKCDMASK---LOGLD-———- AMFFYGDVVSHMC-KCGSGMTLLSADIPYTLHFGVRDDK—-===———= FCAFYTPRKVFRAA-————— CAVDVNDCHSMAVVDG---KLID---G
SARS=COV = e e e e e e e e e e e e e e e e —— — E—P——————
229E KDLHISFMVMDY TKKA NAPRMCTIRQLOQ QQKPEPV--NPVSFVVKPVCSSIFRGA---VSC OTNIYSONLC NKIQPWTN
Bat-CoV-1A LKDLHTMFITCDAT! SS—---NYELTGS TRDS GKTLKLKIRTMT! CQ-DPKPF--NTARAIVKPVCASIYQGS---TTS KTNVFGKRFC SSIS---N
BtCoV512 HKDRDGMSITCTID PG---VRVYENAT LKTA SKTLMHTITQMKI CR-DATAL--DVDTLVVKPLCAAVYVGA---QDG LTNMYDANMA RHPIK---F

BtMr—AlphaCoVCKDVKILKVTCNVA TS---VKVLEGC ADA KQVAMHTIMGIN CQ-EPAHF--DVKKALCSIAATATYVGK---QONG RTNDFVHGKA ITPLN---Y
BtNv-AlphaCoV TK---DLTIEGC CSEPLE-R NSMAACTIKGIK CQ-KPGPA--N--DLYVEPYCAASFTI RTNVYHTGKA HDID---N
BtRf-AlphaCoV LRDLH TF---TEEMSGC TAKA GKTKMYTITTMK CQ-EPNPL--NISDLLVEPLCASVFK-—————— KTNIYKYNVC RGOIK---W
CDPHE15 LRDVK SG---AKTFVGCAFRFEPTTEP KQVLLHTITSIS CR-EPTPF--DISVMPIRPLCAANY MTNIYTNNVA HVIA---N

FCoV LNDYS K---EIVLERTVEKLTPLRNE KQINMCKFASVE H-DRIEKQTPVSQFIVTPTMHAVYT MIEDCIHDYC IKPRK---H
Ferret-CoV LGGLE IV---EDVIAGCAFRMCCTDAT, RVIKKTTIVKVE LH-EPKTY-——--- KPLVKPVCKAIFK MVHDVEAKVL LHPVK---N

HKUI10 LKDLH NNGERRQSELSGCVERFLPTSEPEA DKPLMHTITSMOQ! CQ-DPKAV--DVTTLLVOPMCASAFIGNWFNNSL, KTNVYDKGFC! SWPIT---L
HKU2 LKDAK SSN---FEELSGAFFRFLPLRS HGTRYYRVCGI SQ-TLKPL--DFNDLICDVASASVFLGD----DC LINDYDKRLC YKIR---H
HKU8 LSDSH AS---VAEMSGAVERFMPTRDS RSVMVYKIKSMQ CQ—DPKPF——NTARSLVRIVSASVYS R---TDG KTNIYDARVC TSIT---T

LuchengRn-CoV DS---TVELRSSVLKFRPINGF ETTIQALILHVE CYTATKD----SKMLFPGCVGEIVYTGP---DQG YIKYGG--GYH SRRSA-—--

Mink-CoV TM---EELISGCVERMRCTSAT KTVKKTTIVGIEGTGVEVH-DPANY ————— KPLVKPVCKAIFKGS---TTG| MVHDVLAKVL LHPVQ---N
NL63 KK---FDDQVGCLEWIMPYTKL HKMQTYKLVSMEK! -DPAPI--DIDAFPVKPICSSVYLGV---KGS OTNLYSFNKAT FDIK---N
NL63-related KR---RDEQAGCWEWIMPYTKP RKTQIYKLTSMK -DPAPV--DFDALPTMPICASAYLGS---RGS OTNLYNVNKAT SDIK---N

Porcine-EDV TKDLHELKITCS TG---ERIYEGCAFRMTPTLEP -DTTAL--SLDSLVVKPLCAAAFIGK----DS VINFYDAAMAT RHQIK---Y
EK-—-EIVLERAVEKLTPLKES -DILSKOTPEAMFVVKPVMHAVYTGT——-TON! MVDDIEHGYC IKPLK-—--K

Beta-CoV cons

Alpha-CoV cons

73412772837452+2+712---1144247585738623082141-33°235323473382°577"56-32211--100234536562559330---005 37435100354++3+33133---0

Combined cons

| |
43--00020---0
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1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 203
1 1 1 1 1 1 1 1 1
Bat=BCOV TTVARKVTRT —KS = — = = — = = = = = — —  m o o e o GHSQEFKPKGYTKLTD

Bovine-CoV HRVISITSD-KFDFIIG SFSMTTFEIAQLYGSCITP
covid-19 ——————————— V- QTIEVNSFSGYLKLTD

GCCDC1 —————- SGH -V P — — PENIDDDHVGFKQLTA
HKU1 KFVTKFSGD—KEFDF IV G—— — = — = = = = — = — o o = --SFSMSSFELPQLYGLCITP!
HRKUI4 RKLVTDINSD—KEDF I T Gm — = — = — = — o ——AFSMSSFEIAQLYGCCITP!
HEKU24 TLVTDVSSN—KFDE T VG — = — = — = o e e e e e e e e e e e e e KFAMSTFEIAQLYGTCITPD
HKU4 DLKPRRSR———K— - — - oo SKVDLSKYKHTVINNS
HEU5 SAKPQRVKK — PR — = — — e e e e e AENPLKNFKHIVLNND
HKU9 ———————— D— VD — — — — VATSMTTPCGYTKIAEH
Hedgehog-CoV DCQKQLAGN — DD — = — = — — o o o e e e QIDPLKNYKHKVLSG
MERS-COV TVKPKRLRK—KR = — = = — = — = — o o NVDPLSNFEHKVITEC
MHV KVVTKFIGD-KFDFMVG TFSMSPFELAQLYGSCITP
0C43 HRITSITSD-KFDFIIG SFSMTTFEIAQLYGSCITP
Rat-CoV KNVTKFTGD-KFDFMVG TFSMSPFETAQLYGSCITP
SARS-COV =—=————c—=— e —————————————————————————————————— PEEPVNOFTGYLKLTDN
229E DALNTICIK-DADYNAKDETSV—TPTI———————— o m oo RNTVD—— —— —— —m oo
Bat-CoV-1A GHINTILLK-DCNYGISATAEPKQEK ————————— oo VEQFV— m e
BtCOV512 NTINTLCYK-DVDWEV SNG - - — — = - — - — - o o o
BtMr-AlphaCoV KAPVINCLVVNANY VA P T — o o o o o o o
BtNv-AIphaCoV TNLHTYAVK-NVDWTRSH T P A — - — = — = = — - oo o o o
BtRf-AIphaCoV NTVNTVCF K- DVE Y NK — — - — - — - o o o
CDPHE15 TGLNTICVK-DVDWSRAIKYEPVRVE ————— = ——mm oo KPKKDV === == — = — o m o
FCOV KFYTSTLFL-NANVMTAKSKTMVEPP - — = = — = — —— —— o VPVEDK = — == — —m o o
Ferret-CoV LPFTSVCFV-NANYVRRAKATKSAAKNYPWAAAVDSQEILSVPTETR-———— ND=———mmm e VE-————— LVS-TTND=-—————=—=
HKU10 NTLNTICYK-DVNYVRPLPVVSDQPT — = — — = —— ——— oo VEE —— —— — oo
HEU2 NTTIDETVVE — DA = — o o o e e e e e e e e e e e e
HKU8 GNVNVILLH-DVSYGLVETVPAVVND = — = — = — - ————m— o ATAT 2,
LuchengRn-CoV —————————— DA R~ — = — SQVAVYNVDGLPE
Mink-CoV LPFTSVCFV-NAKYVKEISKCAPKASEDPWAKAVDVQEKQTSVVTSFSQQACEDKPITVEQGTVQTSIECVAEQSIVVATRNQEITEDKS ITVDQGTVKPLITAKPAVE
NL63 SSVNTVCFV-DVDFHSVE T E - — — e e e e e e e
NL63-related GSINTVCFV-DVDYDNTQKE - — - — - — — - — o — o o
Porcine-EDV DTLNTICVK-DVNWTAPLVPAV - — - — o o o 9
TGE RCYTSTLFI-NANVMTRAEKPKOEFRV—===F———coomm oo KVEQOPIVEENKSS === === — oo oo

Beta-CoV cons

------ 00 1= 00— m - mm o m oo oo m oo LI ICICII2711332322434 732 6853

Alpha-CoV cons

00001011 1=881100000 - ————— - — - - _____C 0012262682233392 944741

Combined cons
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%040 %050 2060 %070

L
Bat-BCoV ARNTKPPIL CKLK
Bovine-CoV SKRVKAE ¥ GHMA
Covid-19 AKKVKPT VYLK
GCCDC1 ATSRSY VNLH
HKU1 ARLVKAD GHML,
HKU14 AQLVYAD ¥ GHMA
HKU24 SKKVFAD SHMA
HKU4 ASLLPKCIL RHLK
HKU5 ARATEDCIL THLK
HKU9 ARNYSYAWVL VNLH
Hedgehog-CoV ARCFSSSVL SHLK
MERS-CoV AKCYGESVL THLK
MHV VRLVNAENI GRMA
0C43 SKLVKAE GHMA
G ;
I
I
I

%090 2100 %110 %120 %130 2140 2150

1 1 1 1

IRKAVGNSIQEDSDLYIKEN GAALLPGYNLATN-TI NITM--NEDSSLIVNAY¥SNLNSF--STVVTP GMKPIDSLTALLSTCK
KATAVAAGQQFVKETTDMVKSK DCYVSTGGK ARTOGKQSYALLERVY¥KHLNKY--DCVVTT SVPSD TYLLGTAE
LNKATNNAMQVESDDY IATN: GSCVLSGHN NVNK--GEDIQELKSAYENFNQH--EVLLAP GADPIHSLRVCVDTVR
GVLNRASDNAMQAESTAYIREH GVLLSGHG L--GOSLDTLGQVY¥QLYNAH--DDILTP GFTVEESLVCLCRNVT
KATAVAAGKKF SKETAAMVKSKI DCYVSTGGK QDGRQSY ARAYKHLNNY--DCCLST, SVPAD TYLLGVVD
KATANAAGQSFIKETANMVKSK DCYVSSGGK AQGKOCYALLEKTYKHLNKY--DCSLTT SVPSD TYLLGVVE
KATARAAGDAFNKETSDMVKLR ECYKSTGGK H AQGKQSYALLERVYKAFNKY--ECCVTT SVPSD TYLLGATT
GVINKASGGDVQEESDEYISNN DSVLLKGHG N--NEDAALLKRCYKAFNKH--TIVVTP SVDPKVSFEYLLANVT
AATDRASGGLVQAESDDYVNFY DSTLLKGHG A--NODIQLLKRCYKAFNKY--PLVVSP CVEPR EYLLSVVH
LNRATNNAMQKESSEY IKAN: GHVLLSSHG L--GODLALLDAVY¥AAYTGF--DSVLTP GFTVEESLCSLVKNVA
IDSASKGAVQORESDDYIKNN DTVLLKGHG Q--GODVTLLSKCYKAMNAH--PLVVTP GVDPK OMLQQVAK
INAASKGAVOKESDEYILAK DSVLLQGHS! A--KODVSLLSKCY¥KAMNAY--PLVVTP GVKPAVSFDYLIREAK
IAEKAGSAFIKETSDMVKAQ ECYESAGGK GHGKQCYSLLERAYOHINKC--DNVVTT SVPTD LGVVT
IAVAAGQQFVKETTDMVKSK DCYVSTGGK TQGKQSY ERV¥KHLNNY--DCVVTT SVPSD LGTAK
IAKAAGKFFIKETADMVKNQ ECYESAGGK GOGRQCYSLLERA KC--DNVVTT SVPTD LGVVT

H O—-DILLAP 0 OTVR

ﬁ TGVMVE--CDSLR-IF, EVLLDVC-

>

E

S B > > g g kg oy g

Q>

< HS I IHSIISSIHSIHSGQHPIKR SIS HHSIHHS SIS SS9

Rat-CoV ARLVEAE
SARS-CoV AQSANP.

229E VNGVDF
Bat-CoV-1A V-GLDF
BtCoV512 L-SVNH
BtMr-AlphaCoV V-NLDY
BtNv-AlphaCoV VGGVQH
BtRf-AlphaCoV K-SVNH
CDPHE15 L-DLPF

FCoV INFLEP
Ferret-CoV VGAIKPKVL
HKU10 V-QLKHDF

HKUZ2 A-GLSHDF

HKU8 S-ALPCDF
LuchengRn-CoV L-KFKPAC
Mink-CoV VENLKPKVL

NL63 VNCVSFDF
NL63-related IDSVPFDF
Porcine-EDV V-KLPCDF
TGE INFLEPDVI

HHHH IS S S HHSHHSHH B

SSAMIR--CKKYS-VL FNALLNTS-
SGVLIK--CKEHS-IL AAFLACV-
GAMIK--CDSFD-VL KMLLDTC-
SGVMLQ--CSGVK-VL KALLDVV-
SGVMLE--CDGTN-IF SALFASA-
TGAYIK--CKAFD-VF, SALFACV-
KEYLKSSKATAPGNAVLFENVLEHLS-VL QCLLKTV-
TNYLKHYKPIPSGNVVVFNDVFAGLN-IA KALIKAF-
QOGVMLH--CGKEN-VL TALKNVV-
TSFVKKNGKVATGECVMID--TGKLK-VL RAFLAAC-
DDYTRANGKVKVGCGVMLE--CP-LR-VF' FIALTSVV-
DRC---RNKPKVGSCTAVK--CRNFE-VL: AQFLDAFD
IVVFNDVWKGLN-TIA RSLLAAF -
AGVMLE--CEKFN-VF KALFSCD-
TGVMLK--CNKFS-VY| KALFSCN-

RGVMLE --ALGLK-VF SAFLACV-

OCLLKTV-—

d 0 210 D R 5

K--DA-ESL
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™ 0 B H 0 10 > IO
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Beta-CoV cons

6532112 48+3256331752985389325°5816+435353844+°941-8"5 463--485437+247+327944--335977 763522+834863372

Alpha-CoV cons

3-272337 34+3+4 4 13+372°713°225100243635°357574--51024-95 273--23-036226"538223-1"35 473+24+72584362-

Combined cons

5-262237 7++3492+5 48+523744275248336952552836475443--42343-8657 6342--23-036+248"536442--336967 463424+83477366-
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| . . %170 . %180 . %190 . %200 . %210 . %220 . %230 . %240 . %250 . %260 . %270 . %280 .
Bat-BCoD’KTV——YVIvIDKTIFDACCSHINNKDV ------------------- KTPSKPV——YMM———— ————— - __ GEVEVFCSTKVAYCNQ-DKEFCPGTSTLFKPEQLDEIRLKLPEDFLIG
Bovine-CoV KQV--VLYMSNNQEDFDLISKCQT TA— —— — — o o o e e e e e e e VEGTKKLAERL—————————— S
Covid-19 TNV--YLAVFDKNLYDKLVSSFLEMKSEKQVEQKIAEIPKEEVKPFITESKPS--VEQRKQDDKKIKACV--EEVTTTLEETKFLTENLLLYIDI-NGNLHPDSATLVSDI--DITFLKKDAPYIVG
GCCDC1 ANT--FIVVYDKQLYSRACAVSRQDLEPAPLARKEACVVAVSN--DAQQESQENDWAAAVEFQEKNHNVE —————— EVVGGPYPSGDAPVPFAALVDAKTTTE-—————— APCEDASITTPSPNLKE
HKU1 KQV--ILMSNNKEDFDI IQKCQITS — = — = — == = — — — —m o oo VVGTKALAVRL—————————— A= e
HRKU14 RKQV--TILVSNNKEDFDL I SKCQLTA - — = — = — = — o o VEGTRKFAERL—————————— SF e e
HKU24 KKV--VLVUSNNKEDFKLIEGCQTTA ~— = = — = — = o e e e e e e e e e o VDGTKQLAARL—————————— o
HKU4 TTT--Y NEDTIYNTLATPSK—————————————— =3 GLVYSF——m—mmmm oo
HKU5 TKT--Y SEKVYNDLAAPKP ————— = — = — o P GLTYSH-—————mmm e
HKU9 CTT--YVMVYDRQLYERALATSFDVPGPQ-——————————————— SSVQHVPAIDWAEAVEVQESIVDQV-————— ET---PSLGAV-————— DTVDSNADSG-———-—— LNETARSPENVVGSVPD
Hedgehog-CoV TRV--LVCVNSANIYEALTEVVV————— oo 2 GLTFSF——————mm e
MERS-CoV TRV--L SQDVYKSLTIVDI ————————— - —mm e = SLTFSY————————mmmm oo
MHV KNV-—-ILMSNNQDDFDVIEKCQVTS — = — = — — — VAGTKALSLQL-————————— e
0C43 KQV--VLVSNNQEDFDL I SKCQT TA——— = — = — = = — — — —m — m o o e VEGTKKLAARL,—————————— SF o mm
Rat-CoV KNV-—-ILMSNNKDDFDVIEKCQVTS — = — = — — o e VAGTKALSLQL-————————— N
SARS-COV TQV--YIAVNDKALYEQVVMDYLDNLKPRVEAPKQEEPPNTE--DSKTEEKSV=-VOKPVDVKPKIKACI ——DEVTTTLEETKFLTNKLLLFADI -NGKLYHDSONMLRGE - -DMSFLEKDAPYMVG
229E NTKEVK VCKVKDFVSGL-VNVQKVAQPKI ——————— T Y Ko m o e e oo~ P-———
Bat-CoV-1A SGRTVRC CNEIKTLVASL-NEEQVAATVEE——————— TVVAEEKPIADLETAVERPAEEKSVEAEKIATEEVKEPLV ——A—— = — = = — — o e e EK-———
BtCoV512 GDRVCKC RLAIQNFVTSF-QT-—--EQPVE——————— PL————- oo VIQEVKGVQLEKP—— = —— — - — oo oo VP-—--
BtMr-AlphaCoV NDVRTCC EARVVAYLD ST~ KVQDE — — — — e e e e e e
BtNv-AlphaCoV GDRQCRC VAATVAYVNNM-SAVDDV————————————— Qm — o
BtRf-AlphaCoV GERVVKC KSATTKY IDSV TN — — - o o o e VVVDVREPGP —— A — = = — — oo PP————
CDPHE15 GDRVCKC RDATLOYVAGL— S VVNE - — - — = - — - o o o o E-——
FCoV TDRDLN RV T T ENF NG T — T — - — = — o
Ferret-CoV KSISVS ORRVLQY FE TP — V= — = e e e e e e e e
HKU10 GDRHVKC VSEIQKCLDND-VVEPKM——--EV-—————— PQ-—————— IESETVI————————————— SVSONTEQQAF —— 8 — —— — — o o e HV-———
HKU2 GDRHVKC RESVMKFLMTP ~FEENAATKE — — = — = — = — o e e e VLE = =T o e PV————
HKU8 GERRVLC RKAILKLIEQR-SS-—-——- VDQ--—-——- PTVPIVPPTADVEVATVVQCVS-ETEAATVVMDVVAEPQP - — T — = — = — - — - — oo EV-——-
LuchengRn-CoV GFTNFYCY AAALYQYFENL-NSLTFEAAVS S — — — o e e
Mink-CoV KQKPIC ERKV LD Y R TP~V — - — - o o o o
NL63 INKPLQ EQAVLKFLDGL~DL TPV I DDV Dm — o e e e e e
NL63-related IDKQLR EEAVKGFLGSL-SVAPVVREE-K-—————— TV e A P-——-
Porcine-EDV GDRHCKC REATIKYMDGL-VDAIFKEALVD-—————— TT————— P VQEDVQQV S Q= — = — o
TGE NDRGLN ROTIENFFSCS =T = = — — o o o o o o o oo

Beta-CoV cons

568==6986673349427320] 2= m 42—
Alpha-CoV cons

334062 52372239236 360—?0 ———————————————————————————————————————————————————————————————————————————————————————————————————
Combined cons

354--38667643423272344200-~——————— -~~~ -~~~ -~ ™ ™™™ ™™ ™@m— -~~~ -~~~ - - - - - - -~ “-

[l e T ol I e S | - |




%290 %300 %310 %320 %330 %340 %350 %360 %370 %380 %390 %400 %410
1 1 1 1 1 1 1 1 1 1 1 1 1
Bat-BCoV DCHKVDDVYVLCIPDRRKGQODLTG-FKGLKQLKKVTAASCLPGQGKFGFTIQDVTPLMTACPDIYL~-VKTSVDNDVQLLCPTVTYNVKQMLARAKQEKLLMCVNIDNKSFTRNVVHLAKNFQHKPGC

BOVINE=COV = o o NVGRSIVY—————mmm— e ETDANKLILS-—-————- NDVA
Covid-19 DVVQEGVLTAVVIPTKKAGGTTEMLAKALRKVPTDNYITTYPGQGLNGYTVEEAKTVLKKCKSAFYILPSIISNEKQEILGTVSWNLREMLAHAEETRKLMPVCVETKATIVSTIQRKYKGIKIQEGV
GCCDC1 NVE-EEVAACMR—————————— FLLRRVTKSLKSERRETTN--AAKVTEVVQEAPPAE——————————— PVVASSQSHLKDVLCMSFSQMIQYAKSHGLLTPVVLDYTAF SKVL--—-RKYEPKSGL
HRU ] —m mm e e e e e NVGRVIKF-——————————— ETDAYKLFLS-—-—-——- GDDC

1.0 1 —— NVGRTIKY-——————————— ETDANKLLIS-—-————— NDVV

HERU 24 = o e e e e e e QLGROIKY—————————em EIDTIAL-LD-—-————- KETT

HRKU4 ———mmmmm e S GWRGTVRTAKNYGFTCFICTEYSBANVKFLR--TKGVDTTKKI

HRUS5 ————m e e B o GWRGIIRNAKSFGFTCFICTDQSANAKLLK--GRGVDLTKKT

HKU9 DVV-ADVESCVR—————————— DLVRQVVKKVKRDKRPPPI--VPQ--QTVEQQPQET ——————————— SSPGDCNTVLVDVVSMSFSAMVNFGKEKGLLIPVVIDYPAFLKVL----KRFSPKEGL

229E ——===VSLIKVAPKPYRVDG- === == — e e e e e e e e e e KFSYFTEDL——==———== LCV==ADDKPIVLE T === — = —m e e e e e e e
Bat-CoV-1A ———-VI--VEVNEPVLKVA-————— e e e GVSYYNIED--—-——————— SFA-VGADNIVILT-——————————m e e e —
BtCoV512 —===DVKVENPCEPFRIEG- === === e e e e e e e e e DAKFYDLTP-======== SMVQSLOVTRLVSE T === == —— —m e e e e e
BtMr-AlphaCoV —---- VPAKIEVOPYRVEG-———————— e KFNFYDCSV—-———————— ADILATDVSSVVVET-—————— e e
BtNv-AlphaCoV —-—--- LPVCPPLTPCRVEG- = === === e e e e e DVSFYMGSV—-======== DVLLQQSFDRFVFFV == e e e e e e e e e e e e
BtRf-AlphaCoV ——--E---VKQILPFRKEG-—————————— e KFDFYEIEA-———————— ADLALLNPDRLVIFT-————————m e e
CDPHE15 —=--EVKQETAFTPRRMEG--——==—— === e e e e e SCNFYDCNP-==——==—— KALVDNGVTRFVVET - === m e e e e
FCOV —m e e e e e e e e e e
Ferret-CoV —————— e e e e
HKU10 ===-D===RRELKPCRVEG-—— === = = e e e e e e e e e e KFSFYDCPI-——-=———=== ADIAITEPERVVEE T ——m e e e e e e e
HKU2 ----VEITTDVVAPFYTIG-——————————— e SHKFYDCNS——-—————— VEPILGLGVKNIVLFT-—-—-——————— e
HKU8 ====IATQPCVPEALEVV G- === e e e e e e e e e e e e SVTYYPVDV=-—m—————— GVVG-VRPDNIILH T~ === == —mm e e e e
LuchengRn-CoV ————————-— GDVEPRTQITE - — - m e e e e e e e e e e e e e e e
Mink-CoOV ————— o e -
NL63 ——-———————- VVKPFRVEG-————————m e NFSFFDCGV-———————-— NAL--D-GDIYLLFT-——-————————m e
NL63-related —-—-VKLKSEDLKPFRCEG-————————————————— e NFSFFDASV-=———==—— ESL--S-GDTYLLFT----—————— e e
Porcine-EDV —-—-—- KPVLPNFEPFRIEG-—————— = m e e e e AHAFYECNP—-——————-— EGLMSLGADKLVLEF - ——————mm e e e
TGE m———m—mmm e e e e e

Beta-CoV cons
Im 1. -
————————————————————————————————————————————————————————————————————————————————————— 66433934--———==———---4526523020--------3224

Alpha-CoV cons

Combined cons

Alignment qual
— el =




. %420 %430 %440 2450 %460 . %470 %480 . %490 . %500 . %510 %520 %530 .
Bat-BCoV QTVDGYEFYCYTEKQPLSSIIDELNALGKD-IITTPLGCITHQLSHPESAAKMRALKCK-——==——— FLAVCTSPGAEKQFCAAFTAASS--STEEELEMADCVSNGSYMDWIVINKADGDT-I—-——
Bovine-CoV ————————— FVSTF----NVLODVLS—========—=—— LRHDIALDDDAR-—— === == — e e e e e e e e TEVQSN-VDVVPEGWRVVNKFYQINGVRTV
Covid-19 -VDYGARFYFYTSKTTVASLINTLNDLNET-LVTMPLGYVTHGLNEEEAARYMRSLKVP-——————— ATVSVSSPDAVTAYNGY-LTSSS--KTPEEHFIETISLAGSYKDWSYSGOSTQLG-I---
GCCDC1 YEFGGQKFYGYSRETPLEDVSKALNELGLP-LIMIPFGYIVNGAQLSLSAINMRMLQVE———————— HTVVLPSESCVPLYRNYYVSGITQETTALQD DIIVNGA-KGWDVVQTVCKVDGVTYK
HKUI =======—- FVSNS----SVIQEVLL-=====——————— LRHDIQLENNDVR === == e e e e e e e e e e e e e e e e e e e e e e DYLLSK-MTSLPKDWRLINKFDVINGVKTV
HKU14 -—-———-——- FVSTF----NVLODVNT--—=—=—=—=——=———— LRHDIKLDDDAR-—————— == e e e e VlVQSN—MENLPTD RIVNKFDQINGVRTV
HKU24 -———————- LVSTY----DKLODIYC-====——m—mm———— MOHDIKEDDDAR- === === —m e e e e e e e AYVQOSM-YQSLPEDWRSVFKFDVCAGVRVV
HKU4 QTVDGVSYYLYSARDALTDVIAAANG-CSG-ICAMPFGYVTHGLDEAQSGNYVRQVKVP —==————— YVCLLASKEQIPIMNSD————— VAIQTPETAFINNVTSNGGYHSWHLVSGDLIVKDVCYK
HKU5 QTVDGVKYYLYSSKDPLTDIITAANA-CKG-ICAMPIGYVTHGLDEAQAGQQVKKITVP———————— YVCLLASKDQVPILNSD----— VAVQTPEQSEINTVIANGGYHCWHLVTGELIVKGVSYR
HKU9 FSSNGYEFYGYSRDKPLHEVSKDLNSLGRP-LIMIPFGFIVNGQTEAVSAVSMRGLTVP—===—=== HTVVVPSESSVPLYRAYFNGVFSGDTTAVQD DILLNGA-RDWDVLQTTCTVDRKVYK
Hedgehog-CoV STVNGVRYYCYTSEDTVPNLVAVANK-QKG-IVALPLGYVTHGFDLEMQAAAIVKMVTVP———————— YVCLLANKEQLAILQGD-———-— VLKSTPFEEFVTGIK-KNGYAHWQOLVOGEILVNGVSYS
MERS-CoV LTVDGVQYYCYTSKDTLDDILQQANK-SVG-IISMPLGYVSHGLDEMQAGSVVRRVNVP———————— YVCLLANKEQEAILMSE—-———— DVKLNPSEDEIKHVRTNGGYNSWHLVEGELLVQDLRLN
MHV ————————- FVSSY----DVLOQEVEA-———————————— LRHDIQLDDDAR - === = —m e e e e e e e e e e e e e e e e e OAN-MDCLPTDWRLVNKFDSVDGVRTI
0C43 ————————- FVSTF----NVLODVLS—====—=——————— LREDIABDDDAR — === === == e e e e e e e e e e e e e TEVQSN-VDVVPEGWRVVNKFYQINGVRTV
Rat-CoV —=—=——————— FVASY----DVLQEVEL-=====—==———— LRHDIQLDDDAR - == == m e e e e e e e e e e e e e e e e e e e QOAN-MDCLPTDWRLVNKLDVVDGVRTI

BtCoV512 ——————————- NSDLCLGSFVRDCDGYVQGSLGGAIANYK--KSNPVLPAGNCVTLKC---DGFISFTFVILPKEGDT---———=————————————— NYEKNF--—————-— NRATA---=——————=—
BtMr-AlphaCoV ——————————— DGKLSLTDVGVEIDEHLSGKLLTSIKECL--AENIAIPSGNAMKFDC---NP--TIYMAVVPAINTP-—————————————————— GFERKNV-——————— TRTLR--—————————
BtNv-AlphaCoV ——-————————- SEDLQLCVLASALDVYLNG----CVTEAL--NKSGPLPAGNIVSYKHPKGDGFVVVTFAVLPAVGSK---=———— e~ DFDKNV-=--————— KRVFN-———— - ——
BtRf-AlphaCoV ——————————— DTDFKLCDFAIAFNSVVEGGLTSCIEAYR--KENNVVPAGNIVTFKC---EGMVAVSFAVLPIAGAA-—————————————————— SYDKNV-—-—————— TRTIN-=-—————————

CDPHE15 —————=————- KPSLDFCDTTKVLDTYFKSLLTNLVKDYVSTLKGKVVPAGNCVTLRC---TDSVSVTFVVLPTDDDP--——-——————————————— NFETNA-——-————-— KRAFQ-—-—————————
FCOV —— e e
Ferret—-CoV ———— e e e e e e e e e e e e
HKU10 - —-—-———————- DVKLSFCEAAKALDKHYEGALTSCVQAYL--AETPLIPAGNLLTLKC---EGAIPVSFAVLPDTDAA-—————————————————— NYNKDV=-——————— KRTLT—=—————————
HRKU2 ——————————- DQVLSVKDFGVVVDKHLNGLLSDMSNKYV--GDHKAVPFGNILSLDC----GAFTVVDA-VSPFDGA-—-————————————————— SFEKQS--—————- GRTIR--—————————
HRKU8 ——————————- TODLGLCAFGKLLDEQACGALSASIDAYK--ONTAVVPPGNIVTFKC---EGQPTVVLAVFPPADDA-—————————————————— AYLKNV--—-————— KRAVS-——————————
LuchengRnN-CoOV ————— = e DVTVTFGTT---DTS—---—=—=———————————— SI-———
MinK—COV === e
NL63 ——————————— NSILMLDKQGQLLDTKLNGILQQAALDYL--ATVKTVPAGNLVKLFV---E-SCTIYMCVVPSINDL----——————————————— SFDKNL--—————— GRCVR-——————————
NL63-related ——————————-— NSILMLDKQGQLLDTKLNGILQQAALDYL--KKVKAVPAGNLVKLVV---E-GFTIYMCVVPSAKDP-——-———————————————— SFDKNL---————- DRCVR-——————————
Porcine-EDV ——————————- NSNLDFCSVGKCLNDVTSGALLEAINVFK--KSNKTVPAGNCVTLDC---ANMISITMVVLPFDGDA-—————————————————— NYDKNY-—-==—==—=— ARAVV=—=—m e e
TGE ————mm e e e e e e e e e e e e e e e e e e e e

Beta-CoV cons
————————— 66732----65532732-————————————-835443 34583 —————-198224-0365022 '145341324305010

Alpha-CoV cons
————————————————————————————————————————————————————————————————— 11002-1---010-— -0l

Combined cons

|| || I . I

----------- 210----10000100------—-=====-1--000000110--==————— === —————-020010-=======-11100-— === ————

Alignment qual . I I I I I I I



. %550 . %560 . %570 . %580 %590 %600 2610 . %620 . 2630 . %640 . %650 . ?660 .
Bat-BCoV HFLORDEDIIDYHT-—==—====—=—=—— ST-NKFSMSGVSGLVFKDVKILKRYLEKTKPMLK-EVT E VNTKILICSKSFGSQLGT-CYIDGEDVTSVFPTKQHEGKIVNITQVDDV-TSSQ
Bovine-CoV KYFECPGGI-DICS-—-———-—————— QODKVEFGYVQQG-SFNKATVAQIKA-——=——— LFLDKVDI FTNRFVPVGESFGKSL —VICD VTKHKCDINYKGKVFFQFDNLSSEDLKA
Covid-19 EFLKRGDKSVYYT-———————————— SNPTTFHLDGE-VITFDNLKTLL—-—-——~— SLREVR-TIK ﬁ LHTQVVDMSMTYGQQFGP-TYLDGADVTKIKPHNSHEGKTFYVLPNDDT-LRVE
GCCDC1 TICKYRDT--YMCH--—————————— YSTVLVDDERTFQDQIGV-VEHNGVDISSRVPNSDDANIQLFKQDNFSPEEVQA
HKU1 KYFECPNSI-YICS-——————————— OGKDFGYVCDG-SFYKATVNQVCV——————— a FKSISLTVGEVFGKILGN-VECDGIDVTKLKCSDFYADKILYQYENLSLADISA
HKU14 KYFECPGGI-DICS--—-—-——————- OGKDFGYIQQG-SFYKATVSQIKA-—————— FTTRYVPLGEVFGKTLGN-VECDAINVTKCKAEQKYKGKVFFQFDNLSNADLKA
HKU24 KYFECPGGI-SICS--—-——-——————- OGSDFGYVQEG-TFVKATVKEVQQ—-—————— LFKNVVE ﬁ FKTKSVVCGEAFSKQ -VECENVDVTKHIVSKEYAGKVLYQFENLSEAELES
HKU4 KLLHWSGQT--ICY--——--—————— ADNKFYVVKNDVALPFSDLEACRAYLTSRAAQQV-NIE ¥ ~ FRTVILNDTTTFRKOQLGA-T DISDAFPTVKMGGESLFVADNLSESEKVV
HKU5 KLLNWSDQT--ICY-————=—————— ADNKFYVVKGQIALPFDSLEKCRTYLTSRAAQQK-NVD FRTVVLNNTTTYRVOLGS - SDISDTIPTEKMSGEAVYLADNLSEAEKAV
HKU9 TICKRGNT--YLCF-==————————— DDTNLYAITGDVVLKFATVSKARAYLETKLCAPEPLIK! H E YSTVLVSTAQSYRAQIGT- HDWSNKNPMPTDEGTHLYKQDNFSSAEVTA
Hedgehog-CoV KLLOWSDQT--VVY——-—————————— SSNKLFVLKNGNLLPFTSVEQCRSYLNSRTTQQL-NVEVLA ¥ FRTVILNNKNTFRSQLGT- DVSDTIPSVDKNGASVYIADNFSKEELAA
MERS-CoV KLLHWSDQT--ICY=-====——————— KDSVFYVVKNSTAFPFETLSACRAYLDSRTTQQL-TIE ¥ FRTVVLNNKNTYRSQLGC- ADISDTIPDEKQNGHSLYLADNLTADETKA
MHV KYFECPGGI-FVSS LLANKVD FRSCCVAEGEVFGKTLGS - INVTKVRCSAIYKGKVFFQYSDLSEADLVA
0C43 KYFECTGGI-DICS LFLDKVDI a FTNRFVPVGESFGKSLGN- NVTKHKCDINYKGKVFFQFDNLSSEDLKA
Rat-CoV KYFECPGEI-FVSS LLANKVD FRSCCVTEGEVEFGKTLGS - INVTKVRCSATHKGKVFFQYSGLSEADLVA
SARS-CoV EFLKRGDKIVYHTL SLREVK-TIK m LHTOLVDMSMTYGOOFGP-TYLDGADVTKIKPHVNHEGKTFFVLPSDDT-LRSE

229E KLNRLMCDIVCTIPADYILPLVLSSLTCNVSFVGE-L---KAAE AKVITIKVTEDGVNVHDVTVTTDKSFEQQVGV-IADKDKDLSGAVRBSDLNTSELLTKAIDVDW-——--—
Bat-CoV-1A KLSKLKGSSVCSFSTLDMHKRLLNLFN--KFCVDNID---DI-———————————— KDIHDTKTTIKVSLDGRNVVDVDVAADQTIGEQLNA-CTTDNVIISDSVVTDVI-DTIVNVAPE
BtCoV512 KFLKLKGSLLVVVEDSSVFNKISHA-———— SVAGYVA---KPALV-————- -DTLFEAKPVQVVNTODORSFHTVELSTSQTYGO LGD—CVVEDKKVTNLKIXSK——DKVVSVVPN
BtMr-AlphaCoV KVSKLEGRVICTTPIKQVLOMALKTFPSNYAFLVHDS---AKSTV-———-—-— -DDCFSLAQYKVQOTTEDGVNVNTMIVSNAKTYGEQLGS-VTVADSDISATKRPAVLDETKMLVVAPA

BtNv-AlphaCoV KLSKLKGNILSTVSSVMFA-RLTRVW---KSFWLCDS---SVSVV-———————— DEHFSETSVFVVNTENGRDFETVALDTAKTFVEQVGV-CTIDNVDVTNAVVTPTD-EPVSVATPSVDW-———-—

BtRf-AlphaCoV KITKLKGNVFSTVPPTSVLKNMLKCCN--CSFVVSQD---TKASV————————— TECFDVQEVRIKVSYNDRDVQD KGDKVIDQOIGP-CSTNNFDLTGVKPDDAI-NSVVNVAPEVDW--—---

CDPHE15 KCLKLKGTCVYATTDADVLRRIVKH--—--- SCFGFIA---NDNVI-———————— SAVFTDGQFRVEVTQODQORTYSVKSLDASKTMGEQLGT-CSVDNTNVSDQRPTSD~--ISKVTVAPAVDW-————

FCOV == PIKVTEDTVNQKRVSVALDKTYGEQLKGTVVIKDKDVTNQLPSVSDVGEKVVKALDVDW--———
Ferret-CoV ———————— e e TVLLEDGP-SVQKVVLEPVVAIDSQLASKVVNKNVLCDGVYPDANFDHEVLTKVDD
HKU10 KVSKLKGKIFCTIPTVDVMKQMLKCCN--TSFIVTDA---TKTRL -SECFESAVVEVKVTHDGRDVHTVKVKTDVVLDEQVGV-CSLNNCDLTGVKPDDAI-VDVVSVAPE
HKU2 KLARLDGSTLCVLPNASALFDKLFALGDNFSFLVLDN---VRPLF -DNYLKPKDVKVKVTADGRNVND TTAETFDAQLGP-SANGVESLVG TPMDSGRVVNTAPD

HKU8 KLAKLKGVSVSTFSTIDVHKRLLAFVK--LFCVASMD---VV GDVHTTPSVVKMTEDGRTVKD STTTTAGDOQLGP-CAVEGASLTTSVVTDVV-NSVVAVAPNVDW-—-—---
LuchengRn-CoV ——————————————————— EEVLA-——————————— A-—— SDDSDEEIVTVLVTEDTVNYTTTSVSTSATFGEQLGV-CAIADTDVTTQKPTLENEGCAVVVPPAIDY - ——-—
Mink-CoOV —=————— e e e TVVMKDCN-KVTKNTVDASATIGVOLGSSVVLNDQDYSKCVPDLSMAQATITKVVDVDW-————
NL63 KLNRLKTCVIANVPAIDVLKKLLSSLTLTVKFVVE-S—--NVMDV—-———————— NDCFKNDNVVLKITEDGINVKD ESSKSLGKOLGV-VSDGVDSFEGVLPINT--DTVLSVAPEVDW-----
NL63-related KLNKLKICVVANMPSIDVLKKLLSNLAIDVKFAAE-G---KTSDV-————— -NGCFKSDNVVLKVTEDGVNVKDVIVDSSKSLDKOLGV-VSDGVESLEGVLEPTKT--DTVLSVAPA
Porcine-EDV KVSKLKGKLVLAVDDATLYSKLSHL—--—— SVLGFVS---TPDDV—-—=———-— -ERFYANKSVVIKVTEDTRSVKAVKVESTATYGOQIGP-CLVNDTVVTDNKPVVA--DVVAKVVPNANW-
TGE mmmmm e e e e e e e e e e e e e e e e e e e e PVNVTEDNVNHERVSVSFDKTYGEOLKGTVVIKDKDVTNOLESAFDVGOKVIKAIDIDW-————

Beta-CoV cons

477442430--420 322-375976

76+°6484492434694257+5-89457186842362113351276444436104323

Alpha-CoV cons

-------------------- 0100-—————————-=0-——00-——————————-—----0000193741530431242933426532 943-5543412633537/311--11453453478 ——-—

Combined cons

110100100--000

Ali t 1
Ratii ] 1 B WP g meep—— Y| |-- l I_w “‘ e




%670 2680 %690 %700 %710 %720 %730 %740 2750 %760 %770 %780 %790
1 1 1 1 1 1 1 1
Bat-BCoV VKEYYGVEDTSFLTRYNSALMHVNRWSFAEVPSTGIFCIKWVA LNAATILMLOOL-NVEYETPAVREAAFEMRAGKPOREVALMIAYLKATIGHTGDAR EAVRTM.SHAKVQ—GE -RHFV---M
Bovine-CoV VRSSFNFDQKELL-AY¥YYNMLVNCSKWQVVFN--GKYFTFKQAN F SCLMLOSL-NLKEKIVOWOEAWLEFRS VSLVL IGFKFGDP ADSRDFLRVVFSQVD T—GIICDFE———I
Covid-19 AFEYYHTTDPSFLG SALNHTKKWKYPQV--NGLTSIKWAD; LATALLTLOQI-ELKENPPALODAYYRARA ILAYCNKTVGELGDVRETMSYLFQHANED-SCKRVLN---V
GCCDC1 ISDYYGVNDCTVVARALSVRRYVRTWPYSVV--DGRVLLAQRDS LNAATSVLODI-EVEESTPWISTAFDALKGEGNPLPIVEVLITLGKTTIGEPD RRAIT---T

HKUI1 VQSSFGFDQQOLL-A¥YNFL-TVCKWSVVVN--GPFFSFEQSH ACLMLOHI-NLKENKWQWOEAWYEFRAGRPHRLYV. L HFKFDEPS ICELE---L
HKU14 VKSSFNFDQKELL-A¥YNVLVSCGKWQIVVN--GKYFTFKQAN AACLMLONV-NLKEVSMOWOEAWLEFRAGKPLREV. Y| FKFGDPA ACDYE---F
HKU24 VKQSFGFDQKOQL YSY-RSCCRWEVVVH--RKWFCFKQAD AACLMLONL-NLTEFKLOOWOEAWLEFRAGRPLREV. L FVYGQPA SCEYE---F

HKU4 LKEYYGTSDVTFLORY¥YSLOPLVQOWKFVVH--DGVKSLKLSNY ATIMMIDMLHDIKEVVPAL YLRYKGGDPYDELALIMAYGDCTFDNPD KMVWR---E

HKU5 LSEVYGTADTAFLHRYYSLLALVKKWKYTVH--DGVKSLKLNS TMLMLEDMLKEIKEIVPALOAAYLKHKGGDSTEEIALIMAYGDCTYGEPD KMVWR---Q

HKU9 IREYYGVDDSNIIARAMSIRKTVQTWPYTVV--DGRVLLAQRDS AISLEODI-DVSESTPWVCRAYDALKGGNPLPMAEVLI KATPGVSD RRVMQ---T

Hedgehog-CoV VKEMYGVEDPTF YKIYSIRAKVV KMAMC--EDAPSLCLNS AAV] DCLRDIKENIPALOAAYMKFKGGDFGDEISLLM NCTYGQOPD RMVWR-—--E
MERS-CoV LKELYGPVDPTFLHRFYSLKAAVHGWKMVVC--DKVRSLKLSD AVIMTLDLLKDIKEVIPAL FMKHKGGDSTDEIALIM: NCTFGAPD RMVWR---E
MHV VKDAFGFDEPQLE-KY¥YTML-GMCKWPVVVC--GNYFAFKQSN ACLMLOHL-SLKEPKWQ EFRSGKPLREVSLVL SFKEFNEPS TCNLE---F

0C43 VRSSFNFDQKELL-AY¥YYNMLVNCFRWQVVVN--GKYFTFKQAN SCLMLOSL-HLTFKIVQ LEFRS VALVL GFKFGDPADSRDFLRVVFSQVD ICDFE---1I
Rat-CoV VKDAFGFDEPQLL-KY¥YNML-GMCKWPVVVC--GNYFAFKQSN; LMLOHL-NLKEPKWQ EFRS VSLVL SFKFNEPSDSTDF IR READ TCDLE---F

SARS-CoV AFEYYHTLDE LTSIKWAD:

229E -VEF
Bat-CoV-1A -DSF
BtCoV512 -DKH
BtMr-AlphaCoV -VSH
BtNv-AlphaCoV -DAF
BtRf-AlphaCoV -ISH
CDPHE15 -DVH

FCoV -NAY|
Ferret-CoV -SSY|
HKU10 -1ISY

HKUZ2 -SKHF'

HKU8 -DSH SAYAYDSDFV--D
LuchengRn-CoV -ESY| DYNFGCVID--D
Mink-CoV -CGH
NL63 -VAF
NL63-related -VNF
Porcine-EDV -DSH
TGE —QAH

APAL YYRARA! ALT

VRETMTHLLOHANEE -SAKRVLN———
KLSKYLVNEAQVQLEHY---S
MLNKYVKAHGTVTLTRE---T
IISRFLKPQGSVEMLRATSTT
LLDKYIVASGTMVLERH---V

LRLSVYLCKSCVFTIERE---T
ATSRYMANKSTMVISRV---A
LISKFLQOSQGHVMVVDRT-~-~-T

HKLVDLMSSDS

HKLEPLLCESGS

GKISRYLVNSGT -

SKLDKYIVSSGS
LVAKHAKPKGC

RKLSGFIESDNSVVHMVC---T

HKLEPLLCASGS

SKLSEYLISDSI

SKLSEYLVSDS
MLSKYIVPAGS

HKLGDLMDNDCEITIVTHT-—-T

NP ISP DS Y

AC
L

7364934371479-46585002724+26533--32225836326 766856+719-39491245642°6333 542487498785524545145°324584278457490-4405173---3

HIHS S P SIS IS S S HHHS

>

Beta-CoV cons

Alpha-CoV cons

-327 12343935---4744292936232--4534753367 66+95++25-3429441-6527+6374345841+9379°76332257427°6+26+239315722271744320---0

Combined cons

-13393615342803---4201242924233--4333555447 65855+727-55592115654792334645532+8269745632245435°631594472237243-3844342---2

rossoners ot gy (ol pnalllenl Waalal |l )l o 0 el IO i el



2800 %810 %820 %830 %840 %850 %860 %870 2880 %890 %900 %910 %%
Bat-BCoV IR----RSQFHGLD CFTTNTQLSDFLSGDEAG DIVPVYQTHIR TTEPKMQML---NCEDTKFLCANNYMGT-L-SS VF-NKTLLYSVNGTRVTKMSE--TTT
Bovine-CoV A —-——-QEQRT HF T—LSREDIEIGYTVD KKLI-HCVRFD NTPASVKL—-—————— PKGVGSANIFKGD---K VK-CEQSYQLYDASNVKKVTD--VTG

Covid-19 QQ0----QTTL YMGT-LSYEQFKKGVQIP KOATKYLVQQES ELKHGTFTCASEYTGN-Y-QC KHIT-SKETLYCIDGALLTKSSE--YKG
GCCDC1 SS----QEIIE T-VQLDDLYKPEST KAATRFVSLQQT -DTTGNWFSAVVFKGP-V-TC YAV-NGSLISVYDANTRKRTSD--LLV
HKUI 1 IK----QESR HFGT-LAKTDLFNGYKIG AGRIV-HCTKLN NTPLSKDL-- MF -—=G THLK-CGSPYQHYDACSVKKYTG--VSG
HKU14 —-———QEQRT HFGT-LSREDLEKGYTID DKLI-HCTRIN NTPKDSVV PKGVTC FIGG---N THLR-CDSSYQLFDASTVKKITT--VNG
HKU24 ——-—-—VEKRD FYGT-CDKQALEKGTTTD PKTV-HVLSMN OAPAVGAL-—-—-—-—-- LYKGG——-A THVK-NGKQLTCFDAHNVKKCTT--LVD

HKU4

IR----DIEYT -NSMEELQSVFNET SVKHRQLVEHS GLNEVKVS----TSTDPIYRAFNVFQGVET-S IRVKDGLFYKYDSGSLTKTSD--MKC
HKU5 Q—-——-DTTTT! ~-NSLDELHATHEEC DVRKRQLVEHN. GLNEAKVMTPTSQSAGPDYTAFNVFQGVET-S LHVRVKDNLLYKYDSGSLSKTSD--MKC

HKU9 S———-QMVFT S—-VVLDDEYAPVSV RPATIRYVSEQKS CTPTQVPL-———- DTSGIWKTAIVFRGP-V-TA YAV-NGTLISVYDANTRRRTSD--LKL
Hedgehog-CoV —QSLDELRECNHHTI GVRFRQLVECVT GP --ANPDFVAFNVFIGHEA-G FVHARVKKGLLYKYDSGTLTKASD--WKC
MERS-CoV IK----DVVLQ -QTVEDLRARMTY GERHRQLVEHTT GTPNEKLVT---TSTAPDFVAFNVFQGIET-A ARLKGGLILKFDSGTVSKTSD--WKC
MHV T-LDKGDLVRGYNIA SKLV-HCTQFN NT, ---PDDVVAANIFTGG---S THVK-CKPKYQLYDACNVNKVSE--AKG

0C43 A —-———QEQRT T-LSREDLEIGYTVD KKLI-HCVRFD NTPASVKL——————— PKGVGSANIFIGD---K VK-CEQSYQLYDASNVKKVTD--VTG
Rat-CoV IC- —-———-QDOQR T-LDKSDLVKGYNIA SKLV-HCTQFN YTPEGRKL——————— IFTGG---SL E VK-CKPKYQLYDACNVSKVSE--AKG
SARS-CoV VCKHCGOK———-TTTLTGVEAVMY. -LSYD RDATOYILVOOE AP KLOOGTFL EYTGN-Y-0O IT-AKETLYRIDGAHLTKMSE--YK
229E SCVECDAKFKNSVTSINSA--INVCAS--VKR--D RAIIVSV----EQLEPCVQSRLLSGVA¥TAFSGPVD-- TVYDTAKKS--MYDGDRFV-KHDLSL-L
Bat-CoV-1A AEGCEV-N----EHRINSF--VVNAS--VLR--S SVIVNV----DRPSVMSDNLLLSGTSY¥TAFSGPMD--S RVFNPATSK--MFDGANCI-GGDLCN-L

BtCoV512 CDGT
BtMr-AlphaCoV DCPT
BtNv-AlphaCoV SSLC
BtRf-AlphaCoV TTEC

CDPHE15 VDSCi
FCoV ACD

S-T----KRVVSTP--VVNAS--VLK-- TVIITNVGDTPGKPVVATENLLLDGVS¥TVFQDSTTG- TVFDKEAKL--MFDGDVLK-PCDLNV-S
NST----ERTINAS--VVSAS--LSR--D DVIITTC----EQPKCYKSSEILMGEAYVAFTGPIS-- LVYDRATGQ--VFDGNKCL-PYDFDT-L
S-E--—--LRTYNAC--VVSAS--VLR--Ni IGIVVSV----SIPDPVPKSALLDGVS¥TTFTGDVG--S AVVDRKLYK--SFDGFDVK-PASLSS-V
N-D----TKTIHTP--VVNVS--LLR--S TVIVTST----GKPNVYPRNALITGDSY¥TLYSGDVK--Di TVFSVKGDK--IFDGENVSSNNDLSL-Y
S=S----QRTLVTP--VVNGS--ILR-- TVILVNV----GPPISSAPTSFIQGLSYTSENNTV-GG TVYDSTQHG--FYDGDVFV-RGELAM-Q
A-K----VETFTGP--VVAAP--LLV--C TVAITSL--—-—-—-- IGPVVGDVIDATGYICYTEGLNS--R TYYDNRNGL--MVDADKAY-HFEKNL-L

Ferret-CoV GCDICY-K----PSVVTGA--VVAAP--LQA--K SVVLTST—-—————— CGV-VSNSIKGDGYVCENGSAS—--S TYSS-RNGT--VYDADKTY-TFKVDD-L
HKU10 DSVCEN-S----KRTLTTP--VVMEAS--ILK--S TVIVIQT----GKPKVYPRAALIDGDTY¥TTYSGSVE--Di TVFETKNSR--VYDGDTVSTGNDLST-H

HKU2 LCDRENST----VKTVTGA--IAEAS--VIL--N DITILLHS----GSLL---NGPYVYGDAYVAFSGNID--N TVFDNKLSK--MYDGIKCV-KTTLDT-L

HKU8 VDGC:! —S————EKRVNSL——VINAS——VLR——Q TAIIVNV----GDPSVKAPNLLISGTAYTAFSGPID--A RVYCSATSK--VFDGKSIV-GGDLCN-L
LuchengRn-CoV QCVDEKED----LVRTDGA--VIVSS--LSR--GNVVSG DCILTSS—=-==—- KPCVSDQYITNVGRILYNGDES--N TFYDCFRGR--LYDGSVFTLQGVASVKA

Mink-CoV GCDC
NL63 TCDI

Y-N----RSTISGP--IVAVP--LQT--LGD-KA SVILTSI-—————— NGS-VTDCLKGDGYVCETGSKD—--R TYY---SGV--MYDADKTY-PFKVSD-L
KST----VVEVKSA--IVCAS--VLK--DGCDVGF RVVITNV----GEPIISQPSKLLNGIA¥TTFSGSFD--Ni YDAANNA--VYDGARLF-SSDLST-L
NL63-related TCDLCESN----ITTVKGA--VVCAS--VLK--DGCEVGF RVVITNV----DRPVVAQPSRLLNGIAYTAFSGPVD--S GDRFV-ASDLST-L
Porcine-EDV HDGCEC-S—---KRVVTAP--VVNAS--VLK--LGVEDGL -GKPVVAPSHLFLKGVSYTTFLDNGNG GDAFV-PGDLNV-S

TGE ACDKCA-K———-VEKFVGP-— P--LAT--H TVAITST——————— IGPTTIGEVLEATGMICYSGSNR—-N AEKAY-HFNRDL-L

Beta-CoV cons

5%=2%+"55=-==-33232"73"975585-6334482222312"4++2132-565132679797-34512100 12262775494+ 0---45 5873-432274268832459484--533

Alpha-CoV cons

1423°1-4----2126173--97367--933--1710242"-1-411333592295°2579745 2000121492747675955210--2 364000323--44++1252-232253-2

Combined cons

2502 2-4----3223175--88256--633--21203413-2541123068323562578795----000---—- 001125376639353-0--2 4452-4223--36+84322-155--2-5

S MU RN "EPTR | NEREE )  TEE E



%930 %940 2950 2960 %970 %980 2990 :?000 3010 ?020 ?030 3040
Bat-BCoV AVADAV¥KDI-KYDTEDQFVTY¥R KSGSD SAP-IDLTPTEPLSGAEYDNFHEKLVGTLDDNKVKFVQEFNHMVKYDKTKP-TRPVTISFY
Bovine-CoV NLSDCLYLKNLKQTFKSVLTTYY ORITKAQFKTFEKVDGVYTNFKLIG--———-——- AKLGFDSSKE-FVEYKVTE
Covid-19 PITDVFYKEN-SYTTTIKPVTYK QOLTGYKKP-A-SRELKVTFF

GCCDC1 PARDILYKDV-NFETSSKVVTFY KAP-IDVVAA-PKVVTP KAINASSDGP-KR--SLTVY;
HKUI CLTDCLYLKNLTQ KPIIKAQFKPFAKVDG DKLGENVDLP-FVEYKVT
HKU14 KITDCLYLKNLKO! ORITKAQFRTFEKVDG FDANKH-FEEFKVTE
HKU24 G TNVPKQ ORIVKAQFKTFEAVDGVYTNFELVG-——————— FDSTKD-SVQYKVT

HKU4 KMTS PTV-RY| SKPTIKYSPATILPGS GVDGTP-GSDTISKFF FDETKPISKKLTYSLL

HKU5 K PKQ-RYSADCN KKPVIEYSPATILSGS GHDGTI-GSDAISSSF FDNSKPVSKKLTYSFF

HKU9 PA GPT-SFISDSKVET TAP-IEVVAA-PKLVTS¥DGEFYLSS————— KAINATKTGP-MK--LLTMY;
Hedgehog-CoV K KLYPGQ-KYTAECEI NKPSLEFTPATVSSGVVYTNSCFIVNDG-—---— FDKNKPASKQLTYSLL
MERS-CoV K VLFPGQO-KYSSDCNVV. SEPPVTYSPATILAGS FDSSKPVTKKYTYSFL

MHV NFEDCLYLKNLKQETFSSVLTTFY KPIIKAQFRTFEKVDG FDCNSP-FVEYKITE
0C43 KLSDCLYLKNLKQTFKSVLTTYY ORIIKAQFKTFEKVDG FDSSKE-FVEYKITE
Rat-CoV NFEDCLYLKNLKQTFSSVLTTYY KPITIKAQFRTFEKVDGVYTNFKLVG-——————— FDCDSP-FVEYKITE
SARS-CoV PV FYKET-SYTTTIKP K EQP-IDLVPTOPLPNASFD
229E SNTS
Bat—COV=1A AN T A — — o o e e
BtCOV51 2 PV S === = = = — — -
BEME—ATIPDRACOV TIERA o o o o o o i i e e e e e e e e e e e
BtNv-AlphaCoV SMTG———————————mm e
BtRE-AI1phaCoV PYE—— == = = e e e e e e
CDPHE 15 P T A= — = = = —
FCOV QN T T = = = = =
Ferret-CoV SN S ————— = e e e e e e e e e e e e e e
HKUL O AN S S = = — e e
HRU 2 VS S — = — — — o
HEKU8 AT S — = = = = = — e e e e e e e
LuchengRN—CoOV PlS S —— = — —— o e e e
Mink—CoOV SIS — = — === = — — — oo
NL63 AT A~ — = — oo -
NL63-related ST A——————— e
Porcine—EDV PV TN —— == o e e
TGE OV T = = = = = = = = o

Beta-CoV cons

3677469226-576543354392++57233445°58639654552 426-535436022446296753835=-======= 0376218°1474642401-330136837"324 7553116202

Alpha-CoV cons

4787-—-c -~~~

Combined cons




. 3050 . 3060 . ?070 . ?080 ?090 3100 . ?110 ?120 . ?130 . %140 . %150 . ?160 . ?170

Bat-BCoV FKKGAKFGSKFIVWHTGYKITR-DLVKP ~RCITTSKPVTTONSFQOALSVEPLPETKHSEHE LA T - === = = — e e e e e e e e EQKPILKLRTEKPVVTAA-——-—
Bovine-CoV YERGCITF IWLSHEQASLNSLTYFN--—-——————— RPLLVDENKFDVEKVDDVDDGGDISES——————— = —m e e e DAKESKEINIIKLSG
Covid-19 FKKGAKLLH HVNNATNK-ATYKPNTWCI-RCLWSTKPVETSNSFDVLKSEDAQGMDNLA===CE === o e e e e e e DLKPVSEEVVENPTIQKDVLECN
GCCDC1 YAHGALIQGKPVLYPK-————————— KPKTWKKLVPLLSVLEVKTKNRFEALPVDOLPEQTVEVV - — = - — — — o e e e e e KK-HKVA--—————— TEPLYG
HKUI1 YFKGCETF IWFCHDEASLNSLTYFN-- —-KPSFKSENRYSVLSVDSVSEESQGNVVT SV === = = e e e e e e e e e e e e e e MESQISTKEVKLKG
HKU14 YEKGCITF IWYNHDQASLNSLTYFN----------RPSLVDVNKFDVLKVDDVVAEVESCSS--DLSHGSLSGSVSTGSSYLSPOGNQGSNVEAHTTVLASGNQGSNAINGSANSNKIVKLNG
HKU24 YKKGCITF IWQSHMEASLASLTYFN---——————-— RPSLIDKNKFDVHTVEESALEEKDD——————— e e e e e e e SQOQVGPFIIKKLKN
HKU4 YKKGVMLK ILWVNNGVCDS-ALNKPNRASL-RQLYDVAPIVLDNKYTVLODNTSQLVEHNV PV VD= = = = e e e e e e e e e e e e e e e e e DVPITTRKLIEVKCKG
HKU5 YKNGAMLH ILWVNNSKFDS-ALNKFNRATL-RQVYDIAPVTLENKYTVLODNQIQQVEVEAPKEDA-——————— - e e e KPQSPVQVAEDIDNKLPIIKCKG
HKU9 HPYGSLHMGKPVLFVT—===—————— TWKKLVPLLSTVVVNTPNTYDVEAVDPL PVNNE T SE == = = = = = e e e e e e e e e e e e EPISVKA-==———== PIPLYG
Hedgehog-CoV YKNGAAYK ILWVNNGLYDS-KLNKYNRASL-RQIFDIQPVETNNRFAPLKVEEVDERPTSHVQE - —————————m e e e ETLVSEKSELKVVKCKG
MERS-CoV YKNGAMYKI ILWVNKASYDT-NLNKFNRASL-RQIFDVAPIELENKF TPLSVEST == PVE == == e e e e e e e e e e e PPTVDVVALQQEMTIVKCKG
MHV YLSGCITF LGHEEASLKSLTYFN-----—=—=——- RPSVVCENKFNVLPVDVSEPTDKGPVPAAVLVTGVPGADASAGAGIAKEQKACASA-SVEDQVVTEV---RQEPSVSAADVKEVKLNG
0C43 YERGCITF INLSHEKASLNSLTYFN--==—=—==—- RPSLVDDNKFDVEKVDDVDDGGDSSES === === === e e e e e e e e e e e e e GAKETKEINIIKLSG
Rat-CoV YLS LGHEEASLKSLTYFN----=—=—=——— RPSVVCENKFNVLPVDVSEPTDKEPVPAAVLVTGVPSADASADAGTAKEQKACASD-NVEEQVVTEV---HQEPSVSAVDVKEVKLNG
SARS-CoV FKK HINOATTK-TTFKPNTWCL-RCLWSTKPVDTSNSEFEVELAVEDTOGMDNLA-———CE———————— = — — — = — — — — - — — — = — — — ——— —————_— SOQOPTSEEVVENPTIQOKEVIECD
229 ———m e e NV MV GD Y VA PV S = = e e e e e e e e e e e e e e
Bat-CoV-JA ———————— e VVIKNKVEKIQTAD——— = e e e e e e e
BtCoV512 === e e - VVVCNNKKI = ===V V QD P = = = = e e e e e e e e e e e e e e e e e
BtMr-AlphaCoV ———————— e VVVKGGYVCS———— === — - m e e -
BtNv-AlphaCoV ———————— e VVVKTAKF TRKVKQV AT P m = = e e e e e e e e e e e e e e e e e e e
BtRf-AlphaCoV —————— e VVVSNKVIEFERP ——— = —— — o e e e -
CDPHE15 - == === - LVA-RHSHY—-——-VVKDP————— =~ m e e e e e -
FCOV mm— e AIASNFV-ANTPKKEIMPKTQAKE SKA——— = — e e e e e e e KESNTARVFSEV----
Ferret-CoV —————————— e VLMLTGYKLPVVH - == — = — e e e e e e e e
HRKUIQ === e e e e e e e e e e NV V ANKLE DD P I EV = = = = e e e e e e e e e e e e e e
HRKU2 === === VVIRNGS YAV - —— - e e e e e e
HRKU8 === = e e e e e e e e e VVVVNKEFEFKAEV CN = = = = e e e e e e e e e e e e e e e e e e e e
LuchengRN-CoV —————— e LVVKKQAVVOKRPP I RDV - — — = = — = — o e e e e
Mink-CoOV ——————— e VL ISNGYTVPVV QO m m e e e e e e e e e e e e e e e
NL63 ——————mm e IVVVGGCV TSNV P T mm — — — m o o e e e e
NL63-related ———————————————— MVVAGGYMARDV T P = = = = e e e e e e e e e e e e e e e e e e e
POrcine—EDV ————— e - VVVSEQTAV-———=V I KD P == = — = m e e e e e e
TGE m— === ——mm e e e ATASNFV-VKKPOAEERPKNCA - == —— = — e o e e e e e e e e e FNKV————

Beta-CoV cons
B =
04+62423°6 23000120-010656=-=—===—=—== 3227331 5946 347250001230 -——————— - 000000000200001

Alpha-CoV cons

Combined cons

Alignment qual ‘ . I 5
e meaallT W N TN




| 3180 ?190 ?200 ?210 . ?220 ?230 . ?240 . ?250 . ?260 . ?270 . ?280 . ?290 . %30

Bat-BCOV ——=————— : KLFGINTIEQNGVDALNMCYDRLAVFDYVKPFLT--——=———————— VTKTASD-VTIKAGKVACS——===—=—=—— L
Bovine-CoV VKKPFKVEDSVIVNDDTSEIKYVKSLSTI AVNVPTIRKFIKFGMTLV—-————— SIPID-LLNLREIK-—=————— PVFNV-—— e VKAVRNKISA
Covid-19 VKTTEVVGDIILKPANN-SLKITEEVGHTDLMAAYVDN-SSLTIKKPNELSRVLGLKILATHGLAAVNSV-PWDTIANYAKPFLN-——-—————————— KVVSTTT-NI--VTRCLNR-====—=—=== \Y%
GCCDC1 LTAPIVLDGVNYVPGKKGDLLCLKEFTIIDLKTFYVEGNQPFVLLKE KLLGLKISSNKLVV--NKI-SSALILSYGLSLKSACAVKCATKKTLRYGAQATA-NCIRETKPGA-—-—====——— K
HKU1 VRKTVKIEDAIIVNDENSSIKVVKSLSLVDVWDMYLTG-CDYVVWVANELSRLVKSPTIVREYIRYGIKPI-————— TIPID-LLCLRDDN=====—=—=— OTLLV-=———————————— PKIFKARAIE

HKU14 VRKRKPFKVENSVVVNDSTSETKFVKSLSIVDVYDMWLTG-SRYVVKTANALSAAVNVPTIKKFIKFGMTLV—-———-—— SIPID-LLNLREIK-—=—————— PVFGA-—-———————————— AKVVRDRVSD
HKU24 VKKPISVDGVIIENDDKAEATLVKSLTLDDVIAMWVTG-GRYVVWV. VREYVKRGLQKV——==——— KIPVE-LFSRRDDK-===—=——— CDVV-——m e OKSIKRVVLA

HKU4 LNKPFVKGNFSFVNDPN-GVTVVDT VESGDLQIVAA---GGSVTRRARVLLGASS---LFASFAKITVTATTAACKTAGRGFCKFVVNYGVLQON

HKU5 LKKPFVKDGYSFVNDPQ-GVNVIDTEGID VEKGDLSVIAA---SGSITRRVKILLGASS---LFAQFASVTVNVTTAMGKALGRMTRNVITNTGIIGQ

HKU9 LKATMVLNGTTYVPGNKGHLLCLKEFTLT KVLGLRVSDSSLHV--NHL-SKGVVYAYAATRLTTRVTTSLLGGLVTRSVRKTA-DFVRSTNPGS—=====———— K
Hedgehog-CoV LSKPFVKNGFSFISDDK-GILTVEY MHTLYVNPKSQIIVLKD VOSGDLNVVAS---SGSLTKKVKLLFKTSS---MCKEFLSRTFVATKCVNSVVSATVRKLCCNKDVFVK
MERS-CoV LNKPFVKDNVSFVADDS-GTPVVEY| LHTLYVDPKYQVIVLKD VESGDINVVAA---SGSLTRKVKLLFRASF---YFKEFATRTFTATTAVGSCIKSVVRHLGVTKGILTG
MHV VKKPVKVEGSVVVNDPTSETKVVKS VYDMFLTG-CKYVVWTA VREYVKWGMGKI PKVVKAKAIA

0C43 VKKPFKVEDSVIVNDDTSETKYVKS VYDMWLTG-CKYVVRTA IRKFIKFGMTLV VKAVRNKISV
Rat-CoV VKKPVKVEDSVVVNDPTSDTKVVKS —-DMFLTG-CKYVVWTA PKVVKAKAIA
SARS-CoV LMAAYVEN-TSITIKKP,

Bat-CoV-1A
BtCoV512
BtMr-AlphaCoV
BtNv-AlphaCoV
BtRf-AlphaCoV
CDPHE15

LuchengRn-CoV
Mink-CoV

NL63
NL63-related ——————————————— PVQHKKSVMEKF------DVSAQNFFRFGD--——————————————————————— FV--——————- MNN
POrCin@-EDV —— o e VKK—————————————— AELDATKLLDTM------NYASEREESFGD-——————————————— o _ FM————————— SRN

Beta-CoV cons

21110013545426323-24367547744910569952-226793439173

Alpha-CoV cons I

Combined cons

| l
----------------------------------------- 110m————mmmmmmm=m021212011331======322550882101l-m—m————m—m——m—m—mm—mm—mmmm( lmmmmmm==—0 02

Alignment qual I - I . I L ‘ I I



. %310 %320 ?330 . ?340 ?350 . ?360 ?370 ?380 . ?390 . ?400 . ?410 . ?420 .
Bat-BCoV LORTVPLLYALVVSYLVPLFTRTKQRVSVK—-———— VPMVLTKNTCRSVFGLLMNGVANYFTSP————KFK———SCVRVF————ALATCIAAILYMAMF—VYLFFDIWLIKA —————— NVWT----DV
Bovine-CoV CFNFIKWLFVLLFGWIKIS-ADN--KVI--—-—-— YTTEVASKLTC————KLVA————LAFKNAFLTFKISVVARGACIIATIFLLWF ———————————— NFIYANIIF DFYLPKIGFLPTFVGKIA
Covid-19 CTNYMPYFFTLLLQ-LCTFTRSTNSRIKAS——-—- MPTTIAKNTVKSVGKFCLEASFNYLKSP-=--NFS---KLINIIIWFLLLSVCLGSLIYS—===-————mm e TA----AL
GCCDC1 IVGILCMFYRVLLHLW----FAIKKPPLVK-———-— VSGIVAYNTGCSVTA----CVFNYLKARFSNTSWTGISRVLRLLLYMWFTWTCL-—=————————— ATIVG EP—————- YAPS----LL
HKU1 FYGFLKWLFIYVFSLLHFT-NDK--TIF-————— YTTEIASKFTF----NLFC----LALKNAFQTFRWSIFIKGFLVVATVFLFWF-——————————— NFLYIN DFYLPNISVFPIFVGRIV
HKU14 CYRFIKWLFVLLFGWIKIS-SYN--RVV-———-— YTTEIASKLTC----KLVA----LAVKNALLTFKWSMVVRGFFLIATIFLLWF-——————————— NFIYAN DFYLPKIGFLPTFVGSVV
HKU24 PMNALRLFYVLMCSWLKKP-SDN--KVV-————— YTTEIVSKFSS----KLFV----KACGIALRNFKWGMLLRGFFIVATIFLLWF - ——————————— SVIFAN DLYLPNIRFMPTLVGHVI
HKU4 MFVFLKMLFFLPFNYLWPK---KQPTVDIGVSGLRTAGIVTTN----IVKQCGTAAYYMLLGKFKRVDWKAT---LRLFLLL-=-=~=- CTTILLLSSIYHLVLFNQ DVMLEDATGILA----IY
HKU5 GFALLKMLLILPFTFWKSK---NQSTVKVEVGALRTAGIVTTN----VVKQCASAAYDVLVVKFKRIDWKST---LRLLFLI-——-- CTTGLLLSSLYYLFLFHQ DVMLDGAEGMLA----TY
HKU9 CVGLLCLFYQLFMRFW-=--LLVKKPPIVK=-==== VSGIIAYNTGCGVTT----CVLNYLRSRCGNISWSRLLKLLRYMLYIWFVWTCL-==————————— TICG EP—————- YAPS----LV
Hedgehog-CoV LFSFIKMLCFIPLRHFNKQ---K-ECVNVDVKTLSIAGVVTGN----VIKQCCSTGFYLFKQKLRRIDWKSS—-—--LRWLLFM—-———-— LTTVLMLLSLYHLYVFN. DVIKEVNTGIKG----VY
MERS-CoV CFSFAKMLFMLPLAYFSDS---KLGTTEVKVSALKTAGVVTGN-~---VVKQCCTAAVDLSMDKLRRVDWKST--~-LRLLLML—=—=—— CTTMVLLSSVYHLYVFNQ DVMFEDAQGLKK----FY
MHV CYCAVRKWFLLYCFSWIKFN-TDN--KVI-——=—=-— YTTEVASKLTF----KLCC----LAFKNALQTFNWSVVSRGFFLVATVFLLWF - ——————————— NFLYAN, DFYLPNIGPLPTFVGQIV
0C43 CFNFIKWLFVLLFGWIKIS-ADN--KVI--——-—-— YTTEIASKLTC----KLVA----LAFKNAFLTFKWSMVARGACIIATIFLLWF-——-————————— NFIYAN DFYLPKIGFLPTFVGKIA
Rat-CoV CYGAVKWFFFYCFSWIKFN-TDN--KVI-————— YTTELASKLTF----KLCC----LAFKNALQTFNWSVVSRGFFLVATVFLLWF - ——————————— NFLYAN DFYLPNIGSLPTFVGQIV
SARS-CoV ENNYMPYVFTLLFO-LCTFTKSTNSRIRAS—————-LPTTIAKNSVKSVAKLCILDAGINYVKSP———-KFS——-KLFTIAMWLLLLSICIGSLICV———— - — — — — — — — — — — — — — — — TA-——-AF

229E FVIFFTWLLSMFTLCKTAVTT---CD
Bat-CoV-1A VCNSIIWFFTMLSIIFRAFKT---RDF
BtCoV512 IIVLIVYLFSLLAICFRALKK---RD
BtMr-AlphaCoV LASFFSIFFSLLFVGYKALKK---RD
BtNv-AlphaCoV VGMFCVWLFSMLTLLFKTFKK---RDFS
BtRf-AlphaCoV FAAVFVWLFSMIGLVFKAFKT---KD
CDPHE15 VITMLVWFFSLLSLLLKSVRR---RDF

FCoV LLEVFKYLLVVFMCL----RKS--KMP
Ferret-CoV CVTIFKYLLCFYFFFLERCTKS—--KRL
HKU10 CVTFLVWLFSMFSLAFKAFRT---RD

HKU2 IAYFFVWLLTTLSTLYRCWRG---GNF

HKU8 IANSVVWFFTMLSILFKAFKT---RDF
LuchengRn-CoV LTIFFFMMLDVFKTCLTSLRK---RDI
Mink-CoV ILAVFKYLLCCYFFLLENCTKS--KKL

NL63 IVLFLTWLLSMFSLLRTSIMK---HDI
NL63-related FILFLTWLFSMLSLLRTSIKK---RD
Porcine-EDV LITVFLYILSILGLCFRAFRK---RD

ERTGVILSRSLKYNLK-
ERTGIILKRSVKYNYK-
ORTGIILTRSLKYNCK-
ORTGVIFRRSLKYNSK----AAYKHL-————
ERTGIILGRSIKYNFK----ATKQLL—-————
ERSGVIISRSIKYNVR-—-—--ALRYFM—————

ORTGLILSRSLKYNVK-
ERSGIVLRRSFKYNFR-
ERTGIIFTRSLKYNIK----AARDML—-————
KRSGLVFTKSLLYNSK----VAASGI

RRTGIILTRSLKYNVK-
ORTGITILRKSMRYNAK-

--LLLYT
--LGIYAL
LLLTAT

TGE LLEVFKYLLVLFMCL,————-RST—-—-KMP

Beta-CoV cons
4535747762657317000---4--451
Alpha-CoV cons
762472788467366010154---3455955353323226295725649----652122
Combined cons

7524737874644210000-0---035310----00101143311--009----100153

Alignment
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MHV AWFKTTFGVSTICDFYQVTDL----GYRSSF EL HVVDRRLSFD-YISLFKL CEYPLFVLIGMOLLTTWLPEFFMLETMHWSARLFVEFV

. ?440 ?450 ?460 3470 ?490 ?500 ?510 3520 ?530 ?540 ?550
1 1 1 1 1 1 1 1 1
Bat—BCOVQTLKDNFILGT KFQTAYNNSGIYDATEYCTGKSFMCSILCLR KTVSWSSF-D--FSNINTAR E K| LATAIFOWFAVYFGLYL--TQSSWLMWTMVR
Bovine-CoV QWIKSTFSLVTICDLYSIQDV----GFKNQYCNG-SIA I YEADRRAFVD-YTGVLKIVI A AWEYPLFALISIQILTTWLPELFMLSTLHWSVRLLVSL
Covid-19 GVLMSNLGMPSYCTGYREGYLNSTNVTIATYCTG-SIPES ITISSFKW-D--LTAFGLVA ILFIRFEYVLHGLAATMOLFFSYFAVHF--ISNSWLMWLIINL
GCCDC1 TKVRQYFGFVFPCDYLT-——————————— VNETSEGWFHH RR-YGSPY-D--WTYMVMFL; L PVLPLVGIIGCLHALVLYLPIS---LGNSWLVVFFYYF
HKUI MWIKATFGLVTICDFYSKLGV----GFTSHFENG-SFICEL! YEVDRRVLFD-YVSLVKLI S vﬂ YPLFCLIGLOLFTTWLPDLFMLETMHWLIRFIVFV
HKU14 QWLKTTFGFYTLCDFYDTASI----GFKNQYENG-SLACOQL! YEADRRSVVD-YTGMIKLII A vﬂ YPLFGLICLOMLTTWLPEFFMVSSLHWFLRILVSV
HKU24 ARLKFIFGFWTLCDSIDVSSI----GFTFDNET-— QF YHVAGFSGFD-YKSFAVLVL a YPLFGLVCLOIFTTWFPDMFMITELHWFVRLFLYM
HKU4 KEVRSYLGIRTLCDGLVVEYRNTS-FDVMEFESN LCQ THITSYVL-N--IDWIWFAL ¥ SSENVELLVVTAQYFFAYTSAFVNWRAYNYIVSGLFFL
HKU5 RELRSYLGIHSLEDGMVEAYRNVS-YDVNDFCSN L THVTSYVI-N--IDWVWFV STENVELLVVSSQYFFSYTGAFVNWRSYNYLVSGYFFC
HKU9 TRFKYFLGIVMPCDYVL——==———————— VNETGTGWLHHL, HR-YGSPY-N--YTYILMLL PALPIVGILAVLHLIVLYLPIP---LGNSWLVVFLYYI
Hedgehog-CoV YRISSYLGVTS GFSNNYRNVS-FNRDDYCEKFGYVCH TNLSHYVL-S—-IDWMWFWI PR NWVLLVCTLIYFFSQTNHIINWRSYNFVMSGVYLL
MERS-CoV KEVRAYLGISSACDGLASAYRANS-FDVPTFCANRSA THLSHYVL-N--IDWLWFAF E SAENWLLLAGTLHYFFAQTSIFVDWRSYNYAVSSAFWL
0C43 QWIRNTFSLVTICDLYSIQDV----GFKNQY] QF YEADRRAFVD-YTGVLKIVI A AWEYPLFALISIQILTTWLPELFMLSTLHWSFRLLVAL
Rat-CoV AWFKTTFGVSTICDFYQVTDL----GYRSSF HVVDRRVSFD-YISILKLV ﬁ CEYPLFVLIGMOLLTTWLPEFFMLETMHWSARLFVFV
SARS-CoV GVLL APSY! LN S VTISSYKL-D—-LTILGLAA MLFTKFEYL HF--1 NLMWEFITI

229E FCVREGPFE—-F
Bat-CoV-1A MFVRESPANDYF
BtCoV512 MFIRETPVGTPI
BtMr-AlphaCoV MLIRFSFLNKYF
BtNv-AlphaCoV LTVRESPLNSVF
BtRf-AlphaCoV MLVRFGPLNESL
CDPHE15 MIIRESFVSDIF
FCoV LFVSIPVVHKLA -LWNRVIQLSYFIF
Ferret-CoV VIVSVPFIHRFA -LWSKMLQLVYFGA
HKU10 LLLREGPLHDT -LFKTLLPLIYIAF
HKU2 ILVRFSFFNDYI -LFASVLPLCYFAVIAT
HKUS MFIRFGPPNETL -LFVNWMPLFYLAFHFT EMODL-—————-
LuchengRn-CoV TTLRFSS----L
Mink-CoV VVVSVPLFHKVA
NL63 MIVQESPFNSLL
NL63-related MVVQLNPFNSLF
Porcine-EDV MTIRETPIGSP
TGE LFVSIPVVHKLT

-LFSNIQPFIVMVLELIFG-DNYLRCFLLYF---VAQMISTV-GVFLEYKET———————
-IFVNWLPFLYLAF
-LIGNILPLFYLVF
-FALKVYPSVVAFL
-LLVSFMPLLYMAF
-LFKKVMPMFYMAFLLIFG-GTITRSCMLYE---LAQYVNNI-GVFLEGVQDN———————
-FVINVIPLFYLGFLAIFG-GTVTRIMVLYE---VSQYVNML-GAYLGVQDS———————

B A

(o I B B s B S B e S S B RS~

Beta-CoV cons

327335886153°72620000----100016540-854536"4386"6+70°248465"32133324-7--45462656"5478"5 24844967575465855866111--2444946245627

Alpha-CoV cons

669676300105°332536°24°6-"4+326°44--53+43++289788778357273+475326-4523653446655957"*-536494676"7---64"66955-663633351

Combined cons

327544542003°31320010----100035544-255535"828674+5172474638321222-4-2--536438665577

o W | T R RS ] LT TSR —-

-53672464466---54667454-434101142




, ?560 . ?570 ?580 3590 3600 3610 3620 3630 3640 3650 3660 3670 3680

Bat-BCoV ISLVPTSIL IYCASFYFVYRAY VVQ DSVEVK

Bovine-CoV ANMLPAHVF IITIASFIKLFILFR G TDVKQV

Covid-19 VOMARISAM IFFASFYYVWKSY N DSVTVK

GCCDC1 VKLIPLSSLL IVSAFLWLCYKGF Ni TSVQVR

HKUI1 ANMLPAFVLL IVVTAMYKVVGFIR E G TDIKQV

HKU14 ANLLPAHVFL ITVTFIFKIFSLFR ¥ G TDVKQV

HKU24 ANLLPFHVFL IIVVFIFKMFKLFR G ECVQQV

HKU4 VTHIPLHGL NFLACLWFLRKFYS a (o DSVVVK

HKU5 VTHIPLLGL NFLACLWFLRRFY ¥ Cl ESVTVK

HKU9 IRLVPFTSML IVIAFLWLCYKGFL ¥ NI TSVEVR

Hedgehog-CoV TTYIPLCGLL NVLATLWYLRRFY ¥ (o ESVEVK

MERS-CoV FTHIPMAGL NLLACLWLLRKFYQ ¥ C DSVTVK

MHV ANMLPAFTLL IVVTAMYKVYCLCR Gi TEVKQV

0C43 ANMLPAHVF IITASFIKLFSLFR E G KQV

Rat-CoV ANML IVVTAMYKVYCLCR G

SARS-CoV VOMA FFASFYYIWK Y H

229E LHFIP,
Bat-CoV-1A LQITP
BtCoV512 LHLLP,
BtMr-AlphaCoV VHIIP
BtNv-AlphaCoV LHLVP:
BtRf-AlphaCoV LQFVP,
CDPHE15 LQFFP

FCoV LHVVN
Ferret-CoV LHIVN
HKU10 LQLVP

HKUZ2 VQLVP

HKU8 LHLIP
LuchengRn-CoV ENFIK
Mink-CoV LNVVY
NL63 LHFVP
NL63-related LHLVP
Porcine-EDV LQLVP
TGE LHVVN

Beta-CoV cons

5557+52588+7+66475875833463933+5454+98 6+55949592 744865454 7258+39+84489+5942++27482°649264

Alpha-CoV cons

5773%657743675567654664769°6667*6464*57+795*965*76858976+52957*%28*%84-27+*39%6 45+4+4+343 812963993957922+27+528444979+581

Combined cons

754786257533756654764632454°622++4455°54+6937954+937589+6+549465928++83-37"397696+58"+865353 712783997336934932°518332964+552
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:;3690 ?700 ?710 ?720 ?730 ?740 ?750 ?760 3770 ?780 :?790 :?800
1 1 1 1 1 1 1 1 1 1 1
Bat-BCoV DTFVHLYYSKNDTRV¥DRYPL----SVESSVDFLKLANIK---TMPS-TNVLVFDASNKTEENTTVA ﬁ LCCOPMLLIEQKLLSNIGDATEVSKK IEKFMSTFGVTMEKLKTFVSA
Bovine-CoV GCYMREFYERDGORTY¥DDVNA----SLEVDYSNLLHSKVK----G MHVVVVEND--ADKANFLN; AQSLFR KNEITTANTGTSVTET DTFLSMFDVDKKSLNALIAT
Covid-19 NGSIHLYFDKAGQOKTYERHSL----SH LDNERANNTK---GSLP-INVIVFDGKSKCEESSAKS SOLMCOQ 0. SDVGDSAEVAVK; NTESSTFNVPMEKLKTLVAT:
GCCDC1 NGYVYCYFDSEGEQSYERFPV--—--DSETNVSKLYYSELK---GNPPAFNVLIFDATNRIEENAVKT SOLAC KRMVGVVGDDTATIAKT OSYLLKYNIAMDKVKSLYAT

HKU1 GCMMRLFYDRDGORVY¥DDVDA----SLEVDINNELHSKVK---- LYVVVVESD--ADRANFLN;
HKU14 GCSMRLFYDRDGORVY¥DDVNA----SLEVDYNNLLHSKVK----S LHVVVVEND--ADKANFLN

SLYR KKLITTACNGISVTQT DRKSFNNFVNI
SLFR KSLITTANTGTSVSQT DRKSLTSFINT:

0 0P P

HKU24 GCKMRLFYEKDGORVY¥DDVNA----SMEVDFNGELHSKVN----GVPKTNVVIVDGD--ADKANFLN SLFR KSLLTTASTGTNVSKT ERKSLNNFIQ

HKU4 DAVVELHYNRDGSSCYERYPL----CYETNLEKEKFKEVCKTPTGIPEHNFLIYDTNDRGQENLARS C TTVGDSREIATKMLDSFINSFISLFSVSRDKLEKLINT:

HKU5 DSVVQEHYSREGASCYERYPL----CYETNLDKEKFKEVCKTPTGIPEHNFLIYDSSDRGQENLARS S SNMVTTVGDSREIASKMLDSYVNSFISLFGVNRDKLDKLVAT,

HKU9 NGYVYCYFESDGORSYERFPM----DAFTNVSKEHYSELK---GAAPAFNVLVFDATNRIEENAVKT . KRMVGVVGDDATIA FE ONYLLKYSTIAMDKVKHLYST
Hedgehog-CoV NSVVQ.NYTRD QLCYERVPL----CNESNIDKFKFKEVCKSTTGIPEFNFVIYDSTDRGQENLARS S NTVGDSSAIAIRLLDSFINSFASLYN EKLIST
MERS-CoV ETVVQFNYRRDGOPFYERFPL----CAETNLDKLKFKEVCKTTTGIPEYNFIIYDSSDRGQESLARS S TSVGDSSEIATKMFDSFVNSFVSLYN EKLIST

MHV GCSMRLFYERDGORV¥DDVNA----SLEVDMNGLLHSKVK----GVPETHVVVVENE--ADKAGFLG
0C43 GCSMRLFYDRDGORTY¥DDVNA----SLEVDYSNLLHSKVK----S MHVVVVEND--ADKANFLN
Rat-CoV GCSMRLFYERDGORV¥DDVSA----SLEVDMNGLLHSKVK----GVPETHVVVVENE--ADKAGFLG

SARS-CoV ALHLYFDKAGOKT, RHPL————SHEVNLDNLRANNTK-—— —INVIVFDGKSKCD

229E NGEYRLYS---GE-TEFWRYNFDITESKYSCKEVFRENCNVL-—-——————
Bat-CoV-1A NGSYYLYS---GE-TEWRY¥NFDVITEAKYGCKEVLKNCNVL————————

BtCoV512 N
BtMr-AlphaCoV N
BtNv-AlphaCoV NGEYYLYS---GE-TEWRYNFDITSSKYSCKEVLKSCNIL-———————
BtRf-AlphaCoV Ni RYNFDITESKYGCKDVLKSCNIL————————

CDPHE15 NGEYYLYS---GN-TEWKY¥NYDITDSRY¥SCKEALKTCNVA-———————
FCoV DGEYRFYV---GE-EFTA¥YDYDVKHKKYSSOEVLKTMFLL—-—==—=—=—=—
Ferret-CoV E
HKU10 NGEYYLYGDD-GK-TEWRYNFDITEGKYSCKEVLKNSNVL—-==—=—=—=—=—

HKU2 DGEYRIFS---GD-KEFWK¥YNFDITDKKFSCKEVLENCNIL-——-—=————

HKU8 DGEYYLYS---GE-TEFWRYNFDITDNKYSCKEALKSCNVL-=—===—=—=—
LuchengRn-CoV DGE¥YLYS---GE-QEWKYEFDVSSKKFDSENCIKDLSLG-———————
Mink-CoV DEGEYRFYT---GD-EYTRYNFDVTDKKYSCKEVLKSLOLL-———————
NL63 NGEYRLYS---GD-TEWRYDFDITESKYSCKEVLKNCNVL - ———————
NL63-related NGFYRLYS---GD-TEWRYDFDITEPKYGCKEVLENCNVL ————————
Porcine-EDV NGEYYLYS---GD-TEWK¥YNFDITDSKYTCKEALKNCSII-—-—-—-———

TGE D

ITTANTGLSVSRT LYVDSLLNVLD TSFVNA
ITTANTGTSVTET DTFLSMFED NALIAT
ITTANTGLSVSQT LYVDSLLNVLD TSFVNA
VS

e e s Lo e e B B B
o > >

2 e e |

Beta-CoV cons

472857494545424+97457----52"676638434575----5570457996974--67775447"6 8+575778 349874777534972498959775755474936657538666

Alpha-CoV cons

7°5%6896---34-3984"7 53399576788+65477 48+897766-+"8737874+87+*7 843+946°59+7--476953°6449937++549743746924 " -

Combined cons

47466744---+6-3956455----339653638533475 6743-054275647+69978°576678699743994477552--42395456466723375533336338248-

ausmmens auot [ (e ol B B e Bl o el DLl 1 0 [ 0 0 il o 0 il B,



3820 3830 . ?840 ?850 ?860

Bat-BCoV KNSLNDGVPLE KONC--AE-TDVEADSIVNALQLTFKDDVDI
Bovine-CoV HSSIKQGTQIC KSC-SID- KCLADSVMSAVSAGLEL
Covid-19 EAELAKNVSLDN QOGF--VD— KDVVECLKLSHQSDIE
GCCDC1 LHQIASGTSVER EEARDLE— NELVSCIRMCHQDGWE

HKUI HASLREGVQLEK KCC-SID- RFITKSMISAVAAGLEF
HKU14 HSSIKEGVQLD KSC-SID- KCVADSVMSAVAAGIEL
HKU24 HKSLAEGVQLE KTC-SID- RCLADTVMSTVAAGLD.
HKU4 RDCVRRGDDFQN GHA-GVE- TMVVDALQYAHKNDIQL
HKU5 RDCVKRGDDFOQT GPA-GVE-— SSIVDALQYAYKHDLOQL
HKU9 LQQISSGMTVES AEAKDLE- NDLVSCIRLCHQEGWE
Hedgehog-CoV KDCVKRGEDLQS VHA-NVE- ASIVDGIQYAHKNDIELVTD
MERS-CoV RDGVRRGDNFHS GPA-GVE- NEIVDSVQYAHKHDIQITNE
MHV HNSLKEGVQLEQ RKC-AID- KSITKSVMSAVNAGVDFIDE

0C43 HSSIKQGTQIY KSC-SID- KCLADSVMSAVSAGLELIDE
Rat-CoV HNSLKEGVQLEQ RKC-AID- RSITKSVMSAVNAGVDFIDE

3870 3880 3890 ?900 ?910 . 3920 . ?930

VCIEVGARHVNANVAKANAAALIWNIDHYLLESESFRRQIRSSAR
VLIONSAKHVQOGNVAKIAGVSCIWSVDAFNQLSSDFQHKLKKACC
ACEDCSARHINAQVAKSHNIALIWNVKDFMSLSEQLRKQIRSAAK
OLITSNARYINANMAKSAAVOQIVWRYADFARLSESVRROQLKIAAR
VLIONGAKHVQGNVAKAANISCIWFIDAFNQLTADLQHKLKK:
VLIONSSKHVQGNVAKIAGVSCIWSVDAFNQLS SDFQHKLKK:
VLIONNCKHVOGNVAKMAGVSCIWHVDVYNQLSSDFQHKLKK
CLIDLKAASVNQTSMRNANGACVWNSGDYMKLSDSFKRQIRI
CLIDLNAASVNQTSIRNANGACIWNSSDYMKLSDSLKRQIRTI
QFMTANAKYVNANIAKGAAVNLIWRYADFIKLSESMRRQLK
CLIDLKAASVNPASMRNANGACVWNIDAYLKLSDSLKRQIR
SLIDCNAASVNQIVLRNSNGACIWNAAAYMKLSDALKRQIRT
VLIONNAKHVQANVAKAANVACIWSVDAFNQLSADLQHRLRK:
VLIONSAKHVOGNVAKIAGVSCIWSVDAFNQFSSDFQHKLKK!
VL KHVQOSNVAKAANVACIWSVDAFNQLSADLQHRLRK

CHOEHEHMEHOEHKMNOOEHORHUO

2 < H I I S HHHHHHBEHSZHZ

QO QKH

SARS-CoV HSELAK| , OGV—-VD-T KD HHSDL RHINAOVAK EOLRKOIR
b3 1 ) - — KS---ALGLS-ISDHE T
Bat-COV-1A ——m—m e KQ---ALGFD-VSDEE I
BtCOV512 —— e RE---SLGLSDVPEEE T

BtMr—-AlphaCoV ———————— - KE---RIGLD-VSDDE
BtNv-AlphaCoV ———————— e KS---LLGFE-VSDED
BtRf-AlphaCoV ————————m e KT---ALDIE-ADDED
CDPHE15 —=——— e e RA---TLGFDDISDED

07 7 —— YK---LCNLD-VTFST
Ferret—-CoV ——-—————mmmmmmem YE-—--ACKTD-VPYN

> 0 0330
< HIO < 3

NL63-related ———-————=—————————————
Porcine-EDV ————————— e~

2140 —— KT---ALDID-ADDEE a
2140 —— KE---LLELD-VSDDD N

21:q0 R —— KQ---ALGFE-VSDDE A
LuchengRN—CoOV —————————— e KS---VAGIE-CRDST S A
Mink-COV === mmm oo YE---ACKTD-VPYHT A
2 — KA---TLGLT-VSDDD a

*
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Beta-CoV cons

324944743734+944+74779216-179- 3396478547432567683477+87867°6°498--8662 579654744995557953776 343195388447787+93893+87

Alpha-CoV cons

————————————————————— 63---37365-72334+238932 757*%9773+%6 64877+745-47664+7+28662569389449+576446 2523+23++367746 5537

Combined cons

--------------------- 63---073-5-74434733694274425646853+7 +765875 445--7652 379543842983457432446

TR TR N NI EFRITL

2434923++455783943853247




YESTFGLTYYSNSMA
YESTFGLSYYSNHHS
FNENHG-GVYRNSMD

HKU14 KLKLTYNKQSSNVSVLT----TPEFSLKGGAVF-SYFVY—————-——— -SCFVVSLICFIGLWCLMPTYSVHKSDFELPIYASY
HKU24 KLKLTYNKQAANVSILT----MPESLKGGALV-SNVLF-—————————— KCFIASLIVFCTLWLFMPSYSVHKSAYELPAYASF
HKU4 PFRLITSKLRAADNILS----VKESATKIVGGAPSWLLRVRDLTVKGYCILTLFVFTVAVLSWFCLPSYSIATVNFNDDRILTY

, 3940 . :?950 . :?960 . ?970 . ?980 . ?990 . 4I1000 . 4I1010 . 4I1020 4030 4040 4I1050 . 4I1060
Bat-BCoV QFKLTCSKNRQVTPFLT----TKIMFSG-GATYTTWLKRLL KVAMVMLLVCCILYCLLPSFKSQPLNMYSDEIIDF E LSRNGF-KMTTTSRH
Bovine-CoV KLK YNKQMANVSVLT————TPISLKGGAVF—SYFVY VCFLLSLVCFIGLWCLMPTYTVHKSDFQLPVYASY YESTFGLSYYSNSMA
Covid-19 PFRLTCATTRQVVNVVI----TKIALKG-GKIVNNWLKQLI KVTLVFLFVAATIFYLITPVHVMSKHTDFSSEIIGY T FSQRGG-SY-TNDKA
GCCDC1 SLOLTTSNLKADVACVV----TPEKVVGGNKRVIPWRSILV---————-HVLMLLVVLNPQ--WFTPWYTMT---AVPYDVIDF T YHNRFG-TY-ENNWR
HKUI1 KLKLTFNKQEASVPILT----TPESLKGGVVL-SNLLY ILFFVSLICFILLWALLPTYSVYKSDIHLPAYASF L YESTFGSVYYHNSMD

HKU5 PFROTTSRLRSADNILS----VKESATKLSGGAPKWLLKLRDFTWKSYCVVTLVVFAMAVLSYLCLPAFNMSQVSFHEDRILTY] FNEHYG-GLFNNDIS

HKU9 NLLVATSSLKADVPCMV----TPFKIIGGHRRIVSWRRVLI~-=—====- HVFMLLVVLNPQ--WFTPWYIMR---PIEYNVVDF YSNRYG-SY-VNSRG
Hedgehog-CoV NFKLTTSKLRAQDNILS----VKESVTKFVGGSLN--SKLGSFLFKMYAGFTICLVILAILMYCILPTFNMAKVDFNNDRILGY; YOOEFG-NSYDNDYN
MERS-CoV AFRLITSKLRANDNILS----VRETANKIVGGAPTWFNALRDFTLKGYVLATIIVFLCAVLMYLCLPTFSMAPVEFYEDRILDF YHEHVG-GVYDNSIT

MHV KIKLTYNKQEANVPILT----TPESLKGGAVF-SRMLO-—————————— WLFVANLICFIVLWALMPTYAVHKSDMQLPLYASF YESTFGLAYYRNSKA

O > < P XN R0 H

0C43 KLKLTYNKQOMANVSVLT----TPESLKGGAVF-SYFVY VCFVLSLVCFIGLWCLMPTYTVHKSDFQLPVYASY YESTFGLSYYSNSMA
Rat-CoV KIKLTYNKQEANVPILT----TPESLKGGAVF-SKFLQ WLFVANLICFIVLWALIPTYAVHKSDMQLPLYASF LAYYRNSKA
SARS-CoV PFR ATTROVA KG-GKIVSTCFKLML KATLLCVLAALVCYT VHTLSIHDGYTNEIT S —KNDKS
229E TEL AGDA----GHSLTWLWLL---CGLVCLIQFYLCF-FM-—PYFMHDVVS LNKQS

Bat-CoV-1A TFL S————- S--SFLWWL---CAAIITFFFCVGI-S-——-—-—- EGLIAT SNSLK
BtCoV512 N -LPSLFTRLYSFFWHL---CVLIVVLFVATSL-L---D--FSAQVT TNSRR
BtMr-AlphaCoV NEILTLNDNAAQCSVPV----VSMMSKKGAGPK-——--- KSLWFLWGL---CAFILALYYATSY-I---T--FGTMVG STGKA
BtNv-AlphaCoV NIMI TKSIK
BtRf-AlphaCoV NEMLTFNENRMOTTIPT----VSIAGKKGSGLK-—-—-- RNSRS
CDPHE15 T INSRR

FCoV NESLTFNAVGSDEDLPYERFTESVSAKSGSGFFDVL-KQLKQLFWCL---VLFITLYGLCSVY—-—-——- TFDKS
Ferret-CoV TI -KSLSYAKN
HKU10 NEL -FTPSKDKR

HKUZ2 TEL KL----SSMWKNFWYA---CGAILALFVLLNC-V---G--FTEYAS -FKPSNSDK

HKU8 TEL R G-———- S--KFFWWV---CLAIVAFFLLLNA-S---E--FGYVAT - INRRI
LuchengRn-CoV LEL -SVBTFSSS
Mink-CoV TIMI FFDIY-NECKQVLRLL---LAIVLVWGLFSCY----- -RQITYSRA

NL63 TEL RTYNFLWYV---CLFVVALFIGVS--FI--D--YTTTVT -VVTTNSDK
NL63-related SELLTFNDNQAITQVPA----TSIVSKQGAGFK-———- RTFNFLWYT---CFIIVALFVGIS--FI--D--YTTTTT - TNSDK
Porcine-EDV T -FT NPS
TGE NES g ¢ ¢ -FIPTFGKS

Beta-CoV cons

3859%775636356786----74846351232-42102--=—=——=——- 26576475755503577+4735300012222675 75+57 34372776 +722+34°735437-34-19342

Alpha-CoV cons

585+87+43261239"4----46753"4+8502—-——- 100356335---7569655564451-0---0--322250°2049596642°3861°322+1°6969243371697+-23534313

Combined cons

383+8673616123 64—--—437337416400--—-0T ----------- 6567465545501-0---2--300051311255965+62+376373134273+5734-32"73454
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L L
DVNALQG----SLP¥SSLKHDVLYQLVDN-SF

DVIPSLPGVVTRVLVRGOQIMHFLARVFSAAANI

Bat-BCoV

Bovine-CoV DOD--LGSTVFNVPTKVLRY--GYHVLHFITHALSADGVQ TEGLMQN————ISL SSL NLANAKGF

Covid-19 ITRE--VGFVVPGLPGTILRT-TNGDFLHELPRVFSAVGNI DTNVLEG----SVAYESLR ﬂﬂ MDG-SI

GCCDC1 KEL-- LKPDLPVRFVRV--GTTLLPVVNFGMSGADS ADPTLIPN----ATHYGMLK LYPFYETAGY

HKU1 MDED--IGSTMFNVPTKVLRH--GFHVLHELTYAFASDSVQ SDGVMKN----ASLYTSL ﬂ SLANSNGF

HKU14 IDQD--IGSTVFNVPTKVLRY--GFHVLHEITHALSTDSVOQ TDGLMNN----ASL¥SSLA NLANVKGY|

HKU24 IDKD--IGSTVFNVPTKVLRF--GYHVLHFITYAFSADGVOQ TEGLVQN----ASLYSSLR SLANTHGY

HKU4 IAGV--AGARVAN ANLAWV--GKQIVLEVSRVFANT-N DPTVLPG----ASSY¥ADMK DMYDSDMY|

HKU5 IAGV--AGARVPNLPANVAWV--GRQIVLEVSRVFASSNN DPTVLPG----ASAY¥DQMK DMYDSDMY

HKU9 VSDI--VGSLVPGLPARFLRV--GTTLLPLVNYGLGAVGS ADAALIQN----ASRY¥DMLK M PFYEHSGY

Hedgehog-CoV IAGI--SGERVPGVPTSLIWA--GNQILFFVSRVFATNNNI DANVLPG----AVPY¥DTML DLYDSNMF

MERS-CoV IAGV--AGARIPDVPTTLAWV--NNQIIFFVSRVFANTGS HDPTVLPG----AFA¥SQOMR DLYDGNMF'

MHV IDQD--IGHTLFNVPTTVLRY--GFHVLHFEITHAFATDSVQ TGGVMHN----ASL¥SSLA NLASSNGY|

0oc43 IDQD--FGSTVFNVPTKVLRY--GYHVLHFITHALSADGVOQ! TEGLMQN---- NLANAKGF

Rat-CoV IDQD--IGHTLFNVPTKVLRH--GFHVLHEITHAFATDSVQ TEGVMHN---- NLASSNGY|

SARS-CoV /JVAATITRE--TIGFIVPGLPGTVLRA-INGDFLH DTNLLEG————

229E
Bat-CoV-1A

BtCoV512
BtMr-AlphaCoV
BtNv-AlphaCoV
BtRf-AlphaCoV

CDPHE15

FCoV
Ferret-CoV
HKU10

HKU2

HKU8
LuchengRn-CoV
Mink-CoV
NL63
NL63-related
Porcine-EDV

TGE.

Beta-CoV cons

Alpha-CoV cons

Combined cons

Alignment qual

877

SD----SVRTL
ND----EARVI
DE----NVRTI

8333--4+14555

734----2664975967392+4--575

S < < S HSIHS SIS S S S H S H]

878+753----263395597727443--733792693378734-46

737663--434782796588874166

865579717-23

213 =-==-3"42"25

8424342227

46277827----841+44933585+28562067"7

KMEDG-RHVIF
SMADG-GYVKL
FLPDG-NYVKF
EHASG-NMVKI

66549635----33345+52444-22143-44938

65379727----332"54933444-15135-65978
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4200 4210 4220 4230 4I1240 4I1250 4I1260 4I1270 4280 4290 4300 4I1310
Bat-BCoV KVLVEG-AFRIVRIMTTOQ v ND LLMNILAPMFRPAGGMDITS QQVVVVNTLAFLCSFLV
Bovine-CoV EVLREG-LVRIVRTRSMS RDVFDLIYQLFKGLAQPVDFLALTA TSIVFV'NVIVWCV.FMM

Covid-19 NTYLEG-S TEFDSE
Gcepcl BV I-DA-GVHIVKLMAME

HKU1 DVIS RSMT

HRKU14 BEVL RSMT

HKU24 EVL KAMT

HKU4 EVI LATQ

HKU5 EVVF, LATR

HKU9 EVI-SA-GVHIVRTMAME
Hedgehog-CoV ENIVEG-TLRVVKILKTQ
MERS-CoV EVVFES-TLRITRTLSTQ

DY¥RSL, DAVNLLTNMFTPLIQPIGALDISA SHVVAFNTLLFLMSETV
PTFRQL VGAVDITG SSVVLVNILAF
DYYRSM IDFFSLTA TSVVVINVVVWCI
DYYRSL VDFFALTA TSVVVVNVIVWF
EYYRKM IFNQFVVGLAQPIDFFSLT! TAVVVVNVIVWEFI
ON¥STR IVRRLAISLFQPVTYFQLST, TQCAVVAVVAALL
DHYAN IVRRLGLSLFQPVTYFQLST TQCAVVAVAAALL
AYFRQQS] LFMNMLLPIFTPVGAVDITT, SGVIFTNILAFVL
EHIAS VRRSFMSVFOQPITYFQLTT TOQCVLIAVMATGL
DHHLNR IVRRLAVSLFOQPITYFQLTT, TQCAVIAVVAAVL

QB HH®wnnXdnonHHp o e
HHH I HBE S IHHHS S H H

MHV E RSMT PYYRAM IDFFALTA TSVVVINVIVWCI
OC43 E RSMS DY # VDFLALTA TSVVFVNVIVWC
Rat-CoV E RSMT RAM IDFFALTA TSVVVINVIVWCI
SARS-CoV NTYIL,
229E EVIAQ

Bat-CoV-1A ETLVN
BtCoV512 EIITR
BtMr-AlphaCoV EVLAR
BtNv-AlphaCoV EVLAR
BtRf-AlphaCoV DVLAS
CDPHE15 EVISR

FCoV AI-IRSF:
Ferret-CoV TI-IR
HKU10 EVITS

HKU2 YVVVQ

HKU8 ETLAR
LuchengRn-CoV EVIMR
Mink-CoV TI-IR

NL63 EILAR
NL63-related EILAR
Porcine-EDV EIISR
TGE AI-IR

L e e B B

NDGR---VDDGYI
NDGR---FDDGYI

O B B EEEEEO00EE EE

H IS ST HISEHAR IS IHIS I I

(o e B e B

Beta-CoV cons

586068-57897674364 4+3+91843 786534+796+3573457+7 2757897274636846+75674986*566*77977696756**76979+88 73876576776689478

Alpha-CoV cons

3725688+8457773456 6+8+35%33+7+7868597+7733---3545 83564486377847+8367686778*3875%6678657747+7577+8998 88369459777668898

Combined cons

471058-578576+4484 4+2+32833+7+775733785442---424566"+255758737763484577455378835757767966756769576979978+9682776556765789475
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1

Bat-BCoV
Bovine-CoV
Covid-19
GCCDC1
HKU1

HKU14
HKU24

HKU4

HKU5

HKU9
Hedgehog-CoV

4320

CVSTQYPVLPT
FVFQVYPTLSC
CLTPVYSFLPG
CLEGAYBMLPST
FVFQVYBICAC
FVFQVYPTHESCT
FVFQVYPTFAVI
CFIVANPLEVAP
CFVVSNPLLVLP
CLEGPYPMLPST
CFVASNPFLIVP

MERS-CoV ICFVTSIPLCIVP

MHV

0oc43

Rat-CoV
SARS-CoV

229E
Bat-CoV-1A
BtCoV512
BtMr-AlphaCoV
BtNv-AlphaCoV
BtRf-AlphaCoV
CDPHE15

FCoV
Ferret-CoV
HKU10

HKU2

HKU8
LuchengRn-CoV
Mink-CoV

NL63
NL63-related

Porcine-EDV

TGE.

Beta-CoV cons

Alpha-CoV cons

Combined cons

FVFQVYPTLSCL
FVFQVY
FVEFQVY

872445767456*77797+587+767968688+78967

4330

?360 ?370 . 4380 4390 . ?400

77-83+4758659766+9646947--2936973569698+4477

FVPI
YGTIM
FTPL
FTSVI
YGAIM
YGSIM
YGTIM
FGA
FGT
FAG

FCLLYISVVVS FAYCRRLGTSVMR----SDGT!
ITIA¥IICIST FFSNYLKRRVVF--NGVSFST
TMVYVVVLCSR FAGLCTKRTVQONV--GDLSFHS
FCVTYVAMVIA LESYCRKIGVNMC----SDST,
FSLLYTIAIVIS FSYC

FCILYVAAVVS FSYFRKLHTGIR----SDGT
LAS¥TVGVMLR LAYFSKKHVDVFTDGKLNCS
VFA¥YIVGVCLR MAYFSKKHVEVFTDGKLNCS
TVLY¥IVVVLSR FASLCTKRTVOM--GDLAFHS
FLPVAS CSYLAAICFR LAYFSRKKVDVFTDGKLNCT
FGPI TCVYTVAMCFR LAYFSKKHVEVFTDGKLNCS
YGAIM FCIINVAVVVS LFSYCRKIGTEVR----SDGT
YGTIM FCLLYIAVVVS FSYCRKLGTSVR----SDGT:
YGAIM LESYCRKIGTEVR----SDGT;

PIV YLRgR MF —— TFS

1 1
CTAVEITMTCS FFQTFCIKNVVI——HDATFSS
S

HHHHBEHAHBEYHHH

| HHBH

ILISYLLMFFYDSL
LTWFSFAAFLELL
CAWFCFAALLELL

569777+7565*7477546*65*766573953837

7449465564448+776 888+89546

= i

4420 ?430 4440

1
ITRD
ITKDS

LLNKE

1
VKLRAEAFLSAAQYNR
CKLKNS--LSDVAFNR
LKLRSDVLLPLTQYNR

LDKEKFLRLEKRE--LSPDAYAK

ITKDS
ITKDS
IN
IG
IN

CREKNS--VSDVAYNR
CKLKNS--LSDVAFNR
CKLKNS--LSEVAFNK
VALRNA--ITQDSFVR
VALRNS--ITQDSYNR

LDKEVFLREKRE--ISSDAYFK

NRDT
INKDT
ITKES
ITKDS

5438+2978567%895993

VALRNA--ISQODAYNK

AALRNS--LTNDAY SRF'
KNS--VSDVAFNR
KNS --LSDVAFNR
KNS--VSDVAFNR

ETLLPLTOYNR

S <SS << <SPS yo

74+944--9624694

777-457365445+76797746337--246595576969694387+797754966554432646764--39436370-1114338"8488467"8+7455934+364--762347658775

8787744+7+5--7644

64897696
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METPEELLA

1
Bat-BCoV F
Bovine-CoV Y TVLFD---RLS
LVQAG---NVOQ
HVSQN---GLN
TIMSG---RMS
TIMSD---RMS

MFD---RMS

MERS-CoOV F

HHAHTZXP®DOIHHEAA DDA R

SARS-CoOV F

229E
Bat-CoV-1A
BtCoV512
BtMr-AlphaCoV
BtNv-AlphaCoV
BtRf-AlphaCoV
CDPHE15

FCoV
Ferret-CoV
HKU10

HKU2

HKU8
LuchengRn-CoV
Mink-CoV
NL63
NL63-related
Porcine-EDV

TGE.

SEP OQOH =2 EHHBHEHQAQ

HHS SIS I I ISIHHHIHSHHIIRIIHSEHEREHHISHHEH S H SRS

R EEERHHEEERHR RSS2 2 2
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Beta-CoV cons

7976+87%95398-66*7+*5

Alpha—CchonsI.I I IIIII IIIII'IIII I

58%97785*%8%839963+%8829+*3+8%5%87+*88 6347954°8+33+56647527+29532---336+6

8+767*%6 7 88++8+%83596-2635*5%*77*%89*%67-*8**8+%89+*8 79+%2 7%5955 5%3*%6 377-83198+9336258*5 527-==739+8
Combinedconslilll IIIII".II Il III. h
8+365685*%4%7676*%87%93397-2536*5++7+*56*67-86**8%83+963%8849*3*8*5*77+877 582+%6 635-53368+42345344547+29522---335+4
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Bat-BCoV
Bovine-CoV
Covid-19
GCCDC1
HKU1

HKU14
HRKU24

HKU4

HKU5

HKU9

MHV

0oc43

Rat-CoV
SARS-CoV

229E
Bat-CoV-1A
BtCoV512
BtMr-AlphaCoV
BtNv-AlphaCoV
BtRf-AlphaCoV
CDPHE15

FCoV
Ferret-CoV
HKU10

HKU2

HKU8
LuchengRn-CoV
Mink-CoV

NL63
NL63-related
Porcine-EDV

TGE.

)
Z23y» nnz 4

H 2

Beta-CoV cons

78832766+ 4*5+%555%63**-585%54756+4788

Alpha-CoV cons

486375%6593+5%686+53*+-283966995%96

Combined cons

783382766+3+7+655%53

migmen: w2 M el 1R

-383933955+47+8

4620

[eNeNeoNeo N NI -NeNeN el
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8%3%6%794969+2

3768%98769+283

7%3768793969+283

4630

4640 4650 4660 4670 4680 4690
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7446-3294 69+8+8+7583*2 493+4+71°5453+3468

7+8 7+97817-3394 8 763%28*+%497+%8758 8652948

77 7+97535-3293
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68+6+7+8585%28+%693%4761+735453658

Nl o il



4710 4I1720 4I1730 4I1740 4I1750 4760 4790 4800

4I1810 4I1820

1
Bat-BCoV L

LNRFTTTLND
LKGDKLSVEHY
FLSNERVSAEVF
LSSVSVGVDTY
LSPSRITVEAF
LTSDRLTLEAF
FLSNDRVTVESF
LDOCGVTVEAY
FVINTSMTLESY
FVSNAAVALETY
LNSDKVSVESF
CSNERCTIDSF
FVSPERLSVEAF
CSKDSVCVTNF
FINSGYTSLETF
LCSTRVNVDGF
LRPERTNVDVEF

SARS-CoV L KFKKIVKGTHH LTFLTSL
229E
Bat-CoV-1A
BtCoV512 E
BtMr-AlphaCoV D
BtNv-AlphaCoV A
BtRf-AlphaCoV I
CDPHE15 E
FCoV D
Ferret-CoV D
HKU10 P

HKUZ2 E

HKU8 P
LuchengRn-CoV E
Mink-CoV D

NL63 D
NL63-related D
Porcine-EDV E

TGE D

VAMKYNYEPLTODHVDI

IVPQTCALTDENTAVLKYGYQSLTEDGVAALDP TVRSVSSKFFQWMLMTALTFT
Bovine-CoV QSDKCSVED SNGFSQV--KSDLVIDA KRTRLVKGIVCWIMASTFLFS
Covid-19 LNRFTTTLND KYNYEPLTQDHVDILGP AVKRTIKGTHHWLLLTILTSL
GCCDC1 TKLGITAAE KYMCQSVTEESLQVLQP RTQKFVKWAMOWFLIVFALSC
HKU1 QNDVCSTED ANGFSQV--KADLVLDA A KTKRFIKETIYWILISTFLFS
HKU14 QOSDRCSIEDY SNGFSQI--KSDLVVDA KRSRVIKGTICWVIASTFLFS
HKU24 IQSDICSVEDY ANGF SQF --TMDLVIDA KRTRVFKGTLCWVLTSTFLFA
HKU4 KPTRVGIVTY SNQFTEF--VGTQSID GVKRISYGFIHWLISTFVLAY
HKU5 KPNKTGIAT SNQFTEF--IGTQSVD GVKRISYGLVHWLFTTLLLAY
HKU9 LTKSSISPAE KYMCQSVTSESLQVLQP GKFQSMFRWTLOWFAIIFVLTI
Hedgehog-CoV w KPNKTGVAR SNQFTEF--VSTQALEL SVRKITYGLTHWLLATCVLTY
MERS-CoV - KPNRTSVVS ANQFTEF--VGTQSVD GVRKVTYGTAHWLFATLVSTY
MHV QSDSCSLEE TNGFSSI--KADLVLDA KRTRVIKGTCCWILASTFLFC
0oc43 m QSDKCSVED SNGFSQV--KSDLVIDA KRTRLFKGTVCWIMASTFLFS
Rat-CoV m QOSDSCSLEE TNGFSSI--KADLVLDA KRTRVIKGTCCWILASTFLFC
\
v

NLOSGKTTSMFKSI---SLFAGEFV
KRVPSIFNNV---TLVSVEWS
GKVSRAFRNA---SIVCCLLF

SKKVSCCKSL---LLVGGFFA

SKKSRFLGNL---LSIGLEVF

GKVSSMFYNV---CVIGAFLT

H GIISRSVRNV---LLVGLEVL

H GKVKSIFYPM-—-MTAIAILF
NSVKSWFYPI---AITVVCMF

NKVVGAFCNL---AIVGLEVT

TKTSSALKNL---FLMGFEFL

RKLPSVFNNI---MLVGVEWF

E SRVKKVFEGF---TLFFFFVA

1 |

——STTIg 0
EL--ASI H TKVKSYCYPV---LMICAFLF
N GKVIFGLKTM---FLFSVEFT
H GKVNSGLKTL---LLFGVEFT
N GGYVSRACRNV---LLVGSFLT
N

AGKVKSFFYPT——-MTAMTILF
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P> > > Y Q) D Q060606066
=
]
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Beta-CoV cons

89454 4323774349+-44884767547--33435945°626 59558858+72-%23%95% 66988658 58+3+946+85+958+843556442534765556554

Alpha-CoV cons

2+%8898 36+983333777629%4++21927+38--37295979968*+754+479+27962-532784649+856797 847+987 7++84252347266---45544764

Combined cons

3%798 444-98533477733

asanment aay |0 e o el 0 IR e D e, i

46+22767537--23345645+626 49558838942-+34786+68+9856584+5+439946-84+°938+84342244233---45446644



?830 ?840 ?850 ?860 4870 ?880 ?890 ?900 ?910 ?920 ?930 ?940 ?950
1 1 1 1 1 1 1 1 1
Bat-BCoV ILFLOQLWEMSIFSWFAMHATIPVVILLMGVSAFVTML AFTTLFLMPTLAVVF CIYVPEHWLIEMV-SKYVDHTDTIQLFYGYSIRELIAL-FAVVIAMSV----LSLRIVYDD--NTRR
Bovine—CoVCIITAFVKW.MFMYVTTNM—LSITFCALCVISL L LY, YITPVLFTLL YLVVYKQTFRGYV---YAWLHSYYVPS-VEYTYTDEVI¥GMLLLIGMVF----VTLRSINHD--LFSF
Covid-19 LVLVQSTOQWSLFFFLYENAFLPFAMGIIAMSAF F AFLCLFLLPSLATVA MVYMPASWVMRIM-T-WLDMVDT--SLSGFKLKDCVM¥-ASAVVLLIL----MTARTVYDD--GARR
GCCDC1 LTLLHLSQ LGALPLQLLLPLLGFISCCVGFMAMF I TF YLL MVARA FQYQPEGIQGYLL-YVYNYVNPGRFD-MGFDLTTML----VISGITTL----LSVRIAKSD--TYSR

HKUI CIISAFVKWIIFMYINTHM-IGVILCVLCFVSF L FY YITIPVLCTLF YLVVYKEGFRGFT---¥ SYFVPA-VNFTYVYEVF¥YGCILCVFAIF----ITMHSINHD--IFSL

HKU14 CIITAFVK FMYVTTHM-LSVITVLALCCVSFTMLL LY YITPVLLTLL YLVVYKHSFRGYV---YAWHSHFMPS-VDYTYTDEVI¥SIVLLFGMIF----ITMRSINHD--VFSV

HKU24 CILSAFVK FMYVTLNV-LSVTIGTLCFVAC FI LY FILPVFLTLL YLVVYKQSFRGYA---YAWLSYVVPS-VDYTYTYEVLYGCCAVLFMIF----TTMRSINHD--LFSI

HKU4 VSVMQLTKFEMWTYLFETIPTQMTPLLLGFMACVMFET TFMSLFLLPVALCLT IVYEPQTLISSTLIAVANWLTPTSV-YMRTTHFDFGLY-ISLSFVLAI----IVRRLYRPS--MSNL

HKU5 VATLOQLTKFTIWNYLFEVIPLOLTPLVLCVMAC T LFLLPTAICLT IVYEPQTPVSSALIAVAN PASV-YMRTTHTDLGVY-LSLCFALAV----VVRRLYRPN--ASNL

HKU9 LILLQLAQWIFVGALPFTLLLPLIGFVAVCVGFVSLLI YLLPVAMVTA FQYTPEGVQGYLL-SLYNYVNPGRIDVIGTDLLTML----IISVACTL----LSVRMVRTD--AYSR
Hedgehog-CoV VVILQLTKFEZIWNFLFNVIPLOLTPIMFVVLALAMLC TFLLPGALCLT LVYEPNTPVSSFLIMCVN PDGT-YMRTTHMDLGV¥-VSLCLALLV----VVRRLYKPS--VTNC
MERS-CoV VIILOATKFILWNYLFETIPTQLFPLLFVTMAF L LFLLPVAICLT IVYEPTTPISSALIAVANWLAPTNA-YMRTTHTDIGVY-ISMSLVLVI----VVKRLYNPS--LSNF
MHV SIISAFVK FMYVTTHM-LGVTLCALCFVSFAMLL T YIMPVLCTLF YLVVYKQSFRGLA---YAWHSHFVPA-VDYTYMDEVLYGVVLLVAMVF ----VTMRSINHD--VFSI

0C43 CIITAFVK FMYVTTNM-FSITFCALCVISLAMLL YLVVYKHTFRGYV---YAWLSYYVPS-VEYTYTDEVI¥GMLLLVGMVF----VTLRSINHD--LFSF
Rat-CoV SIIAAFVK FMYVTTHM-LGVTLCALCFVSFAMLL T YLVVYKQSFRGLA---YAWHSHFVPA-VDYTYMDEVLYGVVLLIAMVF -—---VTMRSINHD--VFSI
SARS-CoV LILVOSTOWSLEFFFVYENAFLPFTIL.GIMATAACA J. MVYMPA MRIM-T-WLELADT--ST RLKD —ASALVLLIL-———-MTARTVYDD--AARR
229E A NPGFLTPFMILLVALSLCLTFVVKHRKVLELOVEFLLPSITVAAIQONCAWDYHITK-VLA-———- AKER--CTHW

Bat-CoV-1A IKPDLITAVFVLLFGIAVMLTLTI KTG--TATR
BtCoV512 LELS INPGYITPVFLAIIVASSALMLL LQOTPN---KI
BtMr-AlphaCoV STGN---NA
BtNv-AlphaCoV SPNVG---SC
BtRf-AlphaCoV GFITPMFFMLLMVSVFFMCALKHKIMFLYTFLIPAVIVTSCYNFAWDWYITS-VLA-———— CKSSVNYSSV
CDPHE15 1, YITPLFLIVSGVSILCMSLLKHKTLFLOMFLTPAVIAVSAYNLAYDLEIRT-WMA-———- CVTRSS---SV

FCoV A TFVSVVLAITTLVSVLLVAGIKHKMLEFMSEVMPSVILATAHNVVWDMTYYESLQV-———- FTCKQ---SW
Ferret-CoV A CTQRQ---SI
HKU10 FKTNT---SI

HKUZ2 L LDTQ--LRSY

HKU8 YMRSG--YTTR
LuchengRn-CoV L, YCSGGAL-IT
Mink-CoV AEWSEFFLYTPFTWFSPTMISCILFVTVVISAIFTTFVKHKMLYCSSFLLPSIILMTCSNLVWDYFYFEAVQA-———— TQKQ---ST
NL63 SKER--FTHW
NL63-related AKER--FTHW
Porcine-EDV F FNTPA---SS
TGE R FMS FTCKQ-——SW

Beta-CoV cons

5565344688765674337-65754664865876686

5971717

7°666865°4°6664532353256---555862200--43745353711-157566657-=-==763855517--5563

Alpha-CoV cons

5

6+75887288344773434954786764668466545 77875642+745%41623-375 2224645566578788666--6468477401---555+74232----22

Combined cons

5775446298244672315055764664665575545

67666452°646442211-145--——- 4422500114267453360--146576846----452+44512----43




1 ? 9 6 O 1
Bat-BCoV VWLATNVLTWLYRLYA
Bovine-CoV IMFVGRVISVVSLWYM
Covid-19 VWTLMNVLTLVYKVYY
GCCDC1 VWYVCTAIGWVYNCCT-————————
HKUI MFLVGRIVTLISMWYF—-—=—====———
HKU14 IMFAGRVISTVSMWYI-—--————-——

?970 ?980 ?990 . ?000 . ?010 . ?020 . ?030 . ?040
TTVEK-AMAYWALLMSLTTNY¥SGCVTVIMFAAKGVTTLIYYQ-FPFLGLLIAEFKFLML
SNLEE———EIILMLASLFGT TWTTALS. KVIAKWVAVN——VLYFTDIPQIKIV.VC
NALDQ-AISMWALIISVTSN¥YSGVVTTVMFLARGIVFMCVEY-CPIFFITGNTLQCIML
TGVACISVYVSQVIVWAMAWV-EPGI-LMYGHFRCVLVC
TWTTILSLAIIKIVANWLSVN——IFYFTDVPYIKLI LS
TWTTVLSLAVSKITAKWISVN--LLYFTDIPLIKLVLLS

HKU24 ITFITRVSSVVSMWYM TWTTIISLTVAKAMAWWLHAN--IFYLTDIPHVKIL
HKU4 ALALCSGVMWFYTYVI TITVFATVNLAKFISGLVFFY-APHLGFILPEVKL
HKU5 ALALGSAMVWFYTYTT-——————=—==—— TVITVFLAVNVAKFFARVVFLY-APHAGFIFPEVKL
HKU9 IWYVCTAVGWLYNCWT—===—=———=—— TGVACASLYAAQFMVWVLKFL-DPTILLLYGRFRC

Hedgehog-CoV AFALTSLVMWFYSYSI-———————-— VIVFLAVNVAKCLTYLTSMY-FTTLSVVVPEVKI

EA-SS-PIAY TITVFVTVNLAKVCTYAIFAY-SPOQLTLVFPEVKMI

ANLEE---E TWTTMLSLATAKVIAKWLAVN--VLYFTDVPQIKL

TWTTVLSMAVAKVIAKWVAVN--VLYFTDIPQIKI

TWTTMLSLATAKVIAKWLAVN--VLYFTDVPQIKL

SARS-CoV VWTLMNVITLVYKVYY ——————————— /VTTIMFLARAIVE EY-YPLLEFITGNTLOCT

229E CTYLFSLIAVLYTALY—==———————————— SYDYVSLLVMLLCAISNEWYIGAIIFRICR---FGVAFL-PVEYVSYFEDG

Bat-CoV-1A LTYVLSLVVS -CGDFLSLSMMVLLNINNN YIGAIAYRFSV———VVVNYM—DPSVIRMLIG

BtCoV512 FSYVVAVLTVL -STDVLGLILTSMSGFTNYWFIGTATYKLAT-~--YVLP-H-T-SLLDSFDAI

BtMr-AlphaCoV IAYLSSLVVSA¥NTYLL-——-———-—————— -GGDPMYCAIMVLCSLSSEWYVGAVCYKLAI---RIAPYT-SPITATVFGTP

BtNv-AlphaCoV ATLLMSLGVT DTDYFSIIMTLLLNMSSTWYIGAIAYKIAS---VMIVFV-PAPLIAAFGPI

BtRf-AlphaCoV ITYCCSLLFVA¥YGFYM-—————————————— GSDALSLVMMVLFNFTSNWYVGAIVYKIAF---YTRDMT---VLPLL

CDPHE15 FIMVVACVTSCYSYVI-——-————mm—————— CGDALSAAMAIMLNITGNWFVGAGAYRLAT---YIVLLN-P-ALPALVGD

FCoV FSLFATTIFVMFNIVKLLGM-IGEPWTDDHFLLCLVNMLTMLISLTTKDWFVVFASYKVAY---YIVVYVMOPAFVQDF

Ferret-CoV PVFVVTLCFVFYNFASQWYYYLRGLDMGVNLQFGYVNLGMMLVCLMTKDWIVVAVAYRVAY---YIVLYILSPDVVNDEF

HKU10 STYVLSLAFTVYGFVV-- -GSDVLSIVMTLLFNLTSSWYVGAIVYKLAY---YLOYYT---SFAQIL!

HKUZ2 STYVLSMCTVLYTFYY -GYDSLSLAIMLLGFGCREWYVGTAAFRLAQ---FIVPYC-P-GLISF

HKU8 VIYVASLIVSVENYWY——-em—mm e e VGDALSLAMMLLLNVNNNWYIGACAYRFVL---IVANYM-NPAVIGFL)

LuchengRn-CoV CLFSCAYTVGLFMYFV-—————————————— KIDVLSAFFMFISGIQCSWAITWSSYKIAV---YAMSYV-SPYYIEVF

Mink-CoV PVCLITLCFVCENLVVOWYYLLRSSDVGVNLQFGYINLGMMVVCLITKD AVAYRLAY---YTVFYLIPEQVVFDEF!

NL63 FTYVCSLIAVAYTYFY-—————— - ——— SGDFLSLLVMFLCAISSDWYIGAIVFRLSR---LIVFFS-PESVFSVF!

NL63-related CTYVCSLIAIVY¥TYYY-—————————————— SGDFLSLLVMFLCAISNEWYIGAIGFRLAR---LLVLCV-SEDIVDVF

Porcine-EDV VIYVVALLT NMFY—-—————————————— ASDILSCAMTLFASVTGNWFVGAVCYKVAV---YMALRF-P-TFVAIF!
TGE FSLAVTTILVIFNMVKIFGT-SDEPWTENQIAFCFVNMLTMIVSLTTKD
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Beta-CoV cons

7757757556763643 43-52---367588676677658756585687676357225--525064562777 5+%76

Alpha-CoV cons

3564476655696552 245375746747445644°59755599762---363102-0-164127514+47577*867+97497 7%97---=43778+3+795*+5

Combined cons

3457646844653644-———————m——mm 42-014556676446734657756563583---357325--0164235417757575*767+9747 77577+ 34==---6476 7959+%5
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5170 5180 ?190 ?200

Bat-BCoV @ SEVEGVPCIKVSNVOSKMSDIKETSVVLLSVLOOLRIEANSRIWSLEVTLANDILLAKDATEAFEKL TTLLSVLL.SMPGAVD-—— - — - LTKLCDDVFENP
Bovine-CoV A L SKCLTSIEEVCDDYAKDN
Covid-19 0 LGVEGKPCIKVATVOSKMSDVKCTSVVLISVLOOLRVESSSKLWAQCVOLENDILLAKDTTEAFERMV SLLSVLL SMOGAVD - — - ——— INKLCEEMLDNR
Gcepcl A LDELCNSILENN
HKU1 ﬁ L TKCLASIDEVSDDYVQDS

HKU14 ﬂ L SKCLSSIEEVCDDYAKDN
HKU24 A I TKCLTSIEDVCDDYVRDN

HKU4 LGIGGTPCIKVATVQSKLTDLKCTSVVLITVLOOLHLESNSKAWS YCVKLENEILAAVDPTEAFERFVCHFATLMSF SANVD - ————— LDALANDLFENS

HKU5 T LEALASDLLDHP

HKU9 2 LDELCSSILENN
Hedgehog-CoV A L —-LEALASELLDNTI
MERS-CoV w IGIGGTPCIKVAAMOSKLTDLKCTSVVLLSVLOOLHLEANSRAWAFCVKCHNDILAATDPSEAFEKFVSLFATEMTF SGNVD -————— LDALASDIFDTP
MHV # L SKCLASIEEVSDDYVRDN

oc43 ﬁ L SKCLTSIEEVCDDYAKDN
Rat-CoV A L SKCLASIEEVSDDYVRDN

SARS-CoV

229E
Bat-CoV-1A
BtCoV512
BtMr-AlphaCoV
BtNv-AlphaCoV
BtRf-AlphaCoV N
CDPHE15

FCoV
Ferret-CoV

O

HKU8
LuchengRn-CoV
Mink-CoV

NL63
NL63-related
Porcine-EDV

TGE.
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Beta-CoV cons

857+%27%69%77*%839*8+%*5 5%#8779867*%698 8 4876+858+%8756+798

| 1

47579784+949+8 6 88 8x*7 88+84+59465846"4 764928365 87 754585

6+8948 7347648 5737474

Alpha-CoV cons

7*8 8++574

Combined cons

6+8

s || g I QTN P EE TER - |

7895+27+%67577873+969+*7 246779877%%69898+**8 78+74959489893°64°63 6°657474428674876+756888324575-————- 53956676373



5210 ?220 ?230 5240
1 1 1 1
Bat-BCoV AL NNLPTFVEY OKAYDE E-GPIVL

5250 5260 5270 5
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5300 5310 5320 5330

Bovine-CoV T FVEY KKNLDE SANQQOL,
Covid-19 AT SSLPSYAAFATAQEAYEQ D-SEVVL
GCCDC1 T SNLSSYVDYENAQKAYDT A-PVSTIKA
HKUI T FVEY KKNLAD SVNQOQIKO I
HKU14 T FVEY KKNLDE SANQQOLKO I
HKU24 T FVEY KKNLDE SANQOQIKO I
HKU4 S SHLATYAEL OSSYQK DASPQVLKA
HKU5 S SHLASYAEL QSSYQK DASPQVL H

HKU9 S SNLSSYVDY: OKAYDT A-PASTVNA
Hedgehog-CoV S SHLASYAEL OKSYQE DASPOML,
MERS-CoV S SHLATFAEL OKAYQE DTSPQVL

5 5

nununbtbfxBnpE P3N =R

MHV T ASFVEY KKNLDE SANQQOTKO
0C43 T ASFVEY! KKNLDE SANQQOQLKO
Rat-CoV T ASFVEY KKNLDE SANQQQIKO
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SARS-CoV AT PSYAAYAT

229E SI
Bat-CoV-1A ST
BtCoV512 S
BtMr-AlphaCoV S
BtNv-AlphaCoV AL
BtRf-AlphaCoV SI
CDPHE15 T

FCoV TI
Ferret-CoV SI
HKU10 ST

HKUZ2 N

HKU8 SI
LuchengRn-CoV AT
Mink-CoV SI
NL63 ST
NL63-related ST
Porcine-EDV S
TGE TI

B335 559232552
AT RN | N NN NN
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Beta-CoV cons

77+68758++64968984745+747745°438"4-6256964°688"8 37 3876

Alpha-CoV cons

77+68+*77987 77+5+944764+54835-635 45+854++89794+588 6 0 76 7489+%8+%97889+79+78 79649967+95*7 7 8

Combined cons

77+687574963968974743+734755+44854-63569+4+5888 7379893876 69+895%776 7+%548998+9788967 7 6669779956+45*7 779+3
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5340 ?350 ?360 ?370 ?380 ?390 ?400 5410 5420 5430 ?440 ?450 5

1 1
Bat-BCoV LASSKLLI ISVYNNTVEGTLLT DVVQVTDADNKPIAMGDITIDTAPTLA LSAVRR--VSATK —QLENQKAVTGESEQNIE-DQPALAYYNTVQGKHVILAVY]
Bovine-CoV LAAIT TII KSVYDQVVDNVYVT OIQTIODSDGTNKQLNEIS-~---DDCN ITANRHNEVSAT -AKLKTQ SGPDO-TENT-PTQCYYNNSNNGKIVY;

Covid-19 TTAAKLMVVIPDYNTYKNTCDGTTFT ELQQVVDADSKIVQLSEISMDNSPNLA IVTALRA--NSAVK -VALRQMSCAAGTTOTACTDDNALAYYNTTKGGRFVL
GCCDC1 T LL YSVFSSTVMVLPTLT DVTQVSDADGKNVNVTDITRENSANLA ITAVRQVATSPV. -QAVKR! TAGISQTSCTT-DTVAYYNASKEGRHVM a

HKUI L KQVFDKVVDNVYVT QTVQDADGINKQLTDIS-~---VDSN ITIANRYNEVANAV. -HKLKIQVVNSGSDM-NCNI-PTQCYYNNGSSGRIVY,

HKU14 LT KQVFDQVVDNVYVA QOSVODADGTNKQLNEIS—----EDSN IVANRHNEVSOQA RTQIVNSGPDM-NCNT-PTQCY¥Y¥NNSNTGRITIYAT

HKU24 LT KTVYDQVVDNVYIA QOSIQDADGTVKQLNEIN----ESVN TATRYNEVSTTV KTQVVMSSGPDM-NCNV-PTQCYY¥NNSNNGRIIYAT
HKU4 CAS ISVWNKVVNWPSVS TVINNVDNEVVKPTDVV-ETNESLT IECSRS-SSSAV. -KGLKTMVITAGVDQVNCNS-SAVAYYEPVQGHRMVMGLLSE
HKU5 CAS ITIWNKVMTWPSLS SLINNVDGEVVKSSDVT-ETNESLT LECTRA-ASSAVT, -SGLKT SAGIDHA T-SSLAYYEPVEGRKMLMGILSE
HKU9 T

Hedgehog-CoV CAS
MERS-CoV CAS

MQIWKQVVTYPVLS DITLINNVDGEVVRPSDVI-DTNEGLT LLECTRA-VASAV -TGLKT AAGQEQNSCTV-KSVA EPVQGRKMLMGILSE
FTVWNQVVMTYPSLN| DITVINNVDNEIVKSSDVV-DSNENLT) LECTRA-ST -SGLKT SAGQEQTNCNT-SSLAYYEPVQOGRKMLM:
KQVFDQVVDNVYVT HIQFIQDADGAVKQLNEID----VNST IAANRHNE -QKLRTQ SGSDM- T-PTQCYY¥NTTGTGKIVYAT
KSVYDQVVDNVYVT OIQTIQDSDGTNKQLNEIS----DDCN ITANRYNE -AKLKIQVVNSGPDQ-TCNT-PTQCY¥¥YNNSNNGKIVY
Rat-CoV LTS KQVFDQVVMDNVYVT GAVKQLNEID----VNSI IAAN -QKLRTQ SGSDM-NCNT-PTQCY¥Y¥NTTGTGKIVYATI
SARS-CoV TTAAK YGTYKNT KIVO IVTA —VA TTOTACTDDNALA
229E TSAARLVV
Bat-CoV-1A ACATK
BtCoV512 VSATK
BtMr-AlphaCoV TSATR
BtNv-AlphaCoV ACATK
BtRf-AlphaCoV ASATK
CDPHE15 LCATR
FCoV ASATR
Ferret-CoV ASATR
HKU10 ACSTK

Ki
T
T
S
K|
Ki
K FSVYTATITMPTLT DVMQVADADGKTVNATDITRENSVNLA VTAQRQOOATSPV. -QTVKRMNVVAGVSQTACVT-DAVA NATKEGRHVMII a
Ki
K
T
T
T
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H
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=

OKAVRAE--GE-GVHCD|
ORA E--GD-GFSAD
ORS E--GD-GVMAE
SATIDGDAYGS
SATMDGDATVN
E--GD-GISAD
E--GD-GFSTDA

FHSSSBZ8S3P8533533

HKU2 AAITK
HKU8 ACATK ASDHESFTRVYQQGAVH
LuchengRn-CoV AASNR TPSIEAFDRIRHDNSIC
Mink-CoV ASATR TPNIDVFSKVRLENNVH
NL63 TSASK SPDLESYSKIVCDGSVH
NL63-related TSASK SPDLESYSKIVCDGSVH
Porcine-EDV VS TSDIDSYNRIQREGCVH

TGE ASATR

m&z:mz@.;ﬂc}mﬂcz

Beta-CoV cons

56794488446477 77+49549586+7255447993-=--=2555 395+3-068575 3+-249646586

455-5"13-276

7663438497

Alpha-CoV cons

67879+59966759671983336594 77+795497868842845599632+03596 294 7%= 54757686--73-01065+4 77%6*83 79764

Combined cons

67876+49956755593673225573 67+3953948687355545994-02-3556 293947 2————- 75 3+=55
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3658484--61-503-4749784634434587+69862
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Bat-BCoV DGLRWTRVDKSDGNGIVMI

Bovine-CoV D YTKILKDDGN-FVVL

Covid-19 QDLKWARFPKSDGTGTIYT

GCCDC1 DGLLYARVEKSTGDGFVIL

HKU1 D YTKIMKDDGN-CVVL

HKU14 D YTKIVKEDGN-CVVL

HKU24 D YTKIVKEDQS-VNVVL

HKU4 AHLKWAKVEGK--DGFINI

HKU5 AHLKWAKVEGR--DGFVNI

HKU9 DGLAFARVEKSTGDGFVIL
Hedgehog-CoV AHLKWARVEGQ--DGFITI
MERS-CoV AYLKWARVEGK--DGFVS

MHV D YTKIVKEDGN-CVVL

0C43 D YTKILKDDGN-FVVL

Rat-CoV D YTKIVKEDGN-CVVL

SARS-CoV ODLKWARFPKSDGTGTIYT

229E PG

Bat-CoV-1A PD

BtCoV512 PD

BtMr-AlphaCoV PD

BtNv-AlphaCoV PD

BtRf-AlphaCoV PD

CDPHE15 PD

FCoV SN

Ferret-CoV GN

HKU10 PD

HKUZ2 PD

HKU8 PD,

LuchengRn-CoV PDITYI

Mink-CoV GN

NL63 AD

NL63-related AD

Porcine-EDV PD
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Beta-CoV cons

42+39897354--6-6947""7 574555%6-3 6%+%26**675*%48+%8697*7**7358*4 36“*5

Alpha-CoV cons

oo [

65966 3435--235 2+49+493557+5-1997 77++465872 3%8%869%337%955%93+37+97 7%%8%8*7 24998

Combined cons

32+9679633411--6447++75+49+-474555+5-2998 797869%3%*5 3987 6**55%%365++69+%8697%879+258+%595933%33*%97 7547+8+7+9854798
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0 5610 5620 5630 5680 5690 5700 5710

5640 5650 ?660 ?670

DTLRQPVLHAAD-DS
ST--DTTVQSKDTN
DOLREPMLQSADAQS
ASLREVSLHAND-DC
GS--SVAVQSKDLN
ST--GAFVQSKDTN
GS--SATLOSKDTN
DALRNNTVPQSKDTN
DALRGTTIPQSKDSN
SSLREINLQARD-EC
DSLRENTMLHSKDTN
DSLRQAALPQSKDSN
GT--GSQFQSKDTN
ST--DTTVQSKDTN
GT--GSQFQSKDTN
DOLREPLMOSADAST

1

Bat-BCoV TAD
Bovine-CoV ITN
Covid-19 NMD
GCCDC1 SID
HKU1 TIN
HKU14 TTS
HKU24 TTN
HKU4 TAD
HKU5 NAD
HKU9 NID
Hedgehog-CoV NLD
MERS-CoV TAD
MHV TTN
0C43 TTS
Rat-CoV TTN
SARS-CoV NMD
229E N
Bat-CoV-1A N
BtCoV512 S
BtMr-AlphaCoV N
BtNv-AlphaCoV N
BtRf-AlphaCoV N
CDPHE15 N
FCoV N
Ferret-CoV TPN
HKU10 NEN
HKUZ2 NMN
HKUS8 NIN

LuchengRn-CoV N
Mink-CoV TPNi
NL63 NTN
NL63-related NTN
Porcine-EDV SINi
TGE NTO
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Beta-CoV cons

867+98 7896*+514*7%6798 52-64 597+45554++67+4548+7+465--2542346137 56524 46857747964

Alpha-CoV cons

865*+*8 8 7473+%598%2%67 7 6+-85 56+3%+3%%675**5%4+6--1--5556"5478-6"8 89-42104494 4--7885

Combined cons

84698 7874++554+3+57 7 62-63 397+5536°3++3745384°545--1-01662147

Piigment guat [ Bl | L nibeln ok 1ildle

-6°85°65-4-8+4+87-+5555464 7+3--44878
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Hedgehog-CoV GKHY
MERS-CoV GKYY

MHV YY

0C43 GLHL

Rat-CoV YY
SARS-CoV AKFL

229E
Bat-CoV-1A
BtCoV512 S
BtMr-AlphaCoV
BtNv-AlphaCoV
BtRf-AlphaCoV
CDPHE15

FCoV
Ferret-CoV
HKU10

HKU2

HKU8
LuchengRn-CoV T
Mink-CoV

NL63
NL63-related
Porcine-EDV

TGE.

, 5720 5730 5740 5750 5760 5770 5780

Bat-BCoV C Y
Bovine-CoV C
Covid-19 AKFLKTNC
GCCDC1 HL C
HKU1 GLYYKVNC
HKU14 GLHLKVNC
HRKU24 HY C
HKU4 GKYYKTNT
HKU5 GKYYKTNT
HKU9 GLHLKNNC
T
T
C
C
C

<
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N scngdgdnnggss <SS

Beta-CoV cons

657*6

7766*5%%6+89%24----34

Combined cons .J_I_u

656°7°96+74649----35"4

Alignment qual -I I . I I

644946542 65436924+526+75794724++1 4+3995264 6+63*87

3548+98++68972+22758981+7+93+47*+24 7+48+87

53456874+518+727527269+1%6

3954444367596°66+87

5790

0 |
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672747+64+°53674+3359°56

4 68+488+4 5579+5539+7642 2

7 89+5

648+47+66+°55374+4459-6543 6 5295



5850 5860 5870 5880 5890 5900 5910 5920 5930 5940 5950 5960
Bat-BCoV NVYAR ERIRCNLIKTVK THVDCDL-TKDHVKWDELQ
C

Bovine-CoV N PIFN VSATEFADKLVEVGLVGILTLDNODLNGKWYDFGDYVIAAPGCGVAIADSYYSYMMPMLTMCHALDCELYVN - -~~~ NAYRLFD
Covid-19 RVYA ERVRQ KTVQ SHVDTDL-TKPYIKWD
GCCDC1 s ETVRN SANKMA CHVDGDL-TKPKRVWD

HKUI NI PIFN NTVIEA LFVN-----DSYRQFD
HKU14 N PIFN VNTAE H
HKU24 N PIFN NTAK H ————— GAYRQFD
HKU4 G ERIRQ NTVKMC THKDCDF-NKPLIEWP
HKU5 S ERIRQ NTVKIC K THRDCDL-TKPLIEWP
HKU9 R ETVR. SAVKMA Q CHVDGDF-SKPKRVWDIC
Hedgehog-CoV R ELVR. STVKEC THKDCDL-SKPLIEWSKLD
MERS-CoV G ERVROATILNTVKEC THRDCDF-NKPLIEWPLTE

HAHOQOQOQOQOQOHAA3QOQAQ

2RaEEEEE AR5 585

K
MHV N PIFN NTAKEA OWYDFGDEVKTVPGCGVAVADSYYSYMMPMLTMCHALDSELFVN—-———— GTYREFDLVOQ!
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Bat-BCoV HIDQ AVLYSDYPIK----RLOGS EHCSI IVNSTPDGG----EKPAINCT; QLVNVG
Bovine-CoV ALEA GVYISTT ——-—-SLSMI PRAELNGVVVDKV-————————— QODVIFSQFDSLRVSSNQSPQGNLGSN-EPGNVGGNDALATSTIF
Covid-19 QVDL GVLITEGSVK----GLQPS KOASLNGVTLIG-—-—====—=—=——
GCCDC1 AYS AVYFSPOKPK—-—--— PHASINGVVIEA-————————=——
HKUI1 ALEA GVFISTEKLS----RLSMI ORADL DDVIFSRTDSLCSSHYWSPQGNLGGNC-AGNVIGNDALTRFTIF
HKU14 ALER GVYISTTKIK----SLOMI PRAEL ODVIFSHIDSLGVSPYWSPQGNPGGNGKPGNVGGNDALAQVTIF

HKU24 ALER GVFISTTKIK----SLSMI PRAEL ODVIFSQLTSLGVSSNWSPQGNPGGYAKPGNGAGNDALALGNLEF'
HKU4 SLER GVLISDRKIK----NYPCISGPKHAYFNGAILRNI-———————— YLYKKVNNEFVSFES
HKU5 SLER GILISDR —-——--NYPCIVSSNYAYF YIYKKVNNEFVQET
HKU9 AYS AIYFSPSKPK-—---- THASINGVVVEA-—————————— YAMRKDIAFVQPT
Hedgehog-CoV SLE GILISDRKIK----NYPC DYAYF YIYKKLNGEFLQFS
MERS-CoV SLE AIFISDRKIK----KYPCM DYAYF YLYKKVNNEFIDPT
MHV ALEA GVYINTTKIK----SLSMI DL DDVIFSRTGSLEPSHYRSPQGNPGGNR-VGDLSGNEALARGTIF
0C43 ALEA STT ———-SLSMIR ODVIFSQFDSLGVSSNQSPOGNLGSNGKPGNVGGNDALSISTIF
Rat-CoV ALER ———-NLSMIKGPORADLNGVVVEKV-————=————— DDVIFSRTESLEPSHYRSPQGNPVGNR-VGDLSGNEALARGTIF
SARS-CoV QVDL s GPAOASVNGVTLIG———————————
229E SY

Bat-CoV-1A SFEREFSLCRNGVLISTTAVK----KLSATIK-LNYGYLNGFPITSH-—————

BtCoV512 AF GVPVFTH-—-————————
BtMr-AlphaCoV SF GNA
BtNv-AlphaCoV SL GVPVSTT-—————————
BtRf-AlphaCoV SF GVPVSTC—m——————— —
CDPHE15 SF GVAVSOH-—————————
FCoV SF DLP:
Ferret-CoV SY| DLP
HKU10 SF GVP
HKUZ2 AF GVA

HKU8 GEPVTTS-——————————
LuchengRn-CoV GVP!
Mink-CoV NLPVSTV-——————— ———
NL63 GMPVSSIKGD--K---GVE

NL63-related
Porcine-EDV

TGE.
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Bat-BCoV VSN ~TNSFVLTNDMMVNC - == === = = — — = —
Bovine-CoV GGA —TNKEVFVGDSLVNVI-——————————
Covid-19 LSS E-NNRVVISSDVLVNN-———————————
GCCDC1 LSS —VSDVALSGVVem—m e e e e ]
HKU1 GGP —-TRKEIFVGDSLVNTC———————————-

HKU14 GGA ~TNKEVFVGDSLVNVI ———————————
HKU24 GGS ~-TNKECFTGDSLVNVSNLN—-—=——————-

HKU4 LST ~-NDTLNVST FRKRL-———————-

HKUS5 LST -NDTLSVST FYRKPHKRSKC-—-

HKU9 LSSYSLY -AVDIGVRGVACSGV-———————————-
Hedgehog-CoV LST -NDTLSVST VYKSNPKRGNMYIQ
MERS-CoV LST -NDTLSVST -

MHV GGA -TRKEVFVGDSLVNVK--——————————
0C43 GGA —TNKEVFVGDSLVNVI -——————————-]
Rat-CoV GGA —~TRKEVFVGDSLVNVK——————— == — —

SARS-CoV c E-NNRVVVSSDTLVNN—-———————————-

229E L G-NGKCLSFSNHLVSTK—-—————————
Bat-CoV-1A K- CSYGNHLVSTK-——————————-]
BtCoV512 N-NGVVCGFSNHLVNSTK——————————-
BtMr-AlphaCoV N-NNKLCGESNHLVSTK ———————————-
BtNv-AlphaCoV N-TGVVCGYAQPPHLSHV-~————————-
BtRf-AlphaCoV IYMGES STK———————————]

CDPHE15 PLVNLSNHLVNTK———————————

FCoV L m KLLNFGNHLVNVP - —————————— ]
Ferret-CoV L I KLLNEGNHLVNV - m
HKU10 TYMGFSNHLVSTKOR-————————-

HKUZ2 N-SQKLLNFSNHLVTTK-——————————-

HKUS8 MSYNSVLDLSKFECRHKATVVIALKDTDLSEVIVGLIRNGKLLIRK-NGSVCGYGNHLVSTK-——————————-
LuchengRn-CoV LSYNSVLDVNKFRLKCKATPVLSLKDGSFTPLVLTLIKNGKLIVRD-TGVVVSESNHLVNLTK———————————

Mink-CoV LSYYSVFDLTRKEKCKFNNALVVNLKDSDINVMVKGLIKGGKLLVRN-NGKLLNFGNHLVNV ————————————
NL63 LSYNSVLDLSKFECKHKATVVVTLKDSDVNDMVLSLIKSGRLLLRN-NGRFGGFSNHLVSTK-——-————————-
NL63-related L NSSGRFGGFSNHLVSTKQ--————————-
Porcine-EDV N-NDAICGFSNHLVNVNK—-——— === ———
TGE LSH N-NGKLLNEGNHFMNTP - - - == ——————]

Beta-CoV cons
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Alpha-CoV cons
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Combined cons
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L - MFVLLVAY-———
NL63 —————- RSAFALHTGYY--DANQY--YIYVTNEIG-—————— LNASVTLKICKFSRNTTFDFLS—--NASSSFDEIVNLLFT-E—————= QLG--APLEITISGETVRLHLYNVTRTFYVPAAYKLTK
HKU8 —————- AFEIGVSSSA---GGEQY--SAYMAQQON-———————— GKYLVLRICKWONGTLAAP-T-LQSTSGKDEIVNVKVDNH--MFYHAAH--DIVEMSWSGDAVRLYTQTDTKTYYIPN--SWDR
Ferret-CoV —R-—--DLAFAVY--————— GYPY--TAIVVLNKEL-FN--GQGYGGLLCFCNGNSTIPAF----NANC-STSETVRSFRL----CADESICHERILEGLKWSSSEVVAYLAGEVYSYKLSN--HWYN
CDPHE15 —————- VAQFGISST-LRRSLSPY--SLYFLNYGNG-—-——— RR---HIIRICKWDTDKMLQDS---DATTGYDEIANVRINDV--VLEHGGR--QIYGLSWSGNVVTLHMLKGIRHITVPGAQYWDI
HKU10 —————- PWSIGVSNSDLSVARETW--SLYVSHGN-——————— NRGVMTFRICKWPRVPGLAQEP-TPNTGGVNEVVDKQFP-F--TFQHEAN--EMV@ITWSSDYVRIYGLQSTYRFYFPN--KWNK
BtRf-AlphaCoV —————- GVELGISASDYEQNPNQW--ALYMYQNNNATFN--DSKGVLYFRVCKYAGKYTPVGNP-D-KTVSKVELIDKKVS-F--KFADMKN--EVIGVTWSGNYVTFYGIYKSFRIYLPN--KWNF
LuchengRN-CoOV ——————— oo PWKCNSYS—--NGP-SN-KFNGIGVFVDLASA-—————————————m—m QHSWH-——————————— LFVYPSMPTNKT——————————————————— IL
Mink-CoV —-GVNNKYLLVSIH-—————— GSPY--SATVYHKNGE-M---ARYDSGRFCLCKGAINTTVAT-G-SGNCWGYDEK INSTFW--—-NCNNTGCGDLLY@LOWSNSELMAYL.SGDIYRIKLYN—-TWFN
Bat-CoV-1A —————= EVAVGVGNSKS---NDSI--GIYFNHHN-——————— GNKSTILRVCRWHKYYMPSYTP-TITTGGKDEVINTNLK-IL--SFVDQGNHSDIFGLSWSGDRLTIYSLDGVKSYYIPGIGELDV
BtMr-AlphaCoV ——-——- DFAIGVSSSTS--YAEKW--GLYFWQRN———————— NEGRAVFRICKWDASAQTNFAP-DRH-TARDEFVNKQIP-M--VFKHQGN--EIVEGVSWSGSRVTLHTLDRVFSFIVEGAESWDY
BtNv-AlphaCoV —————- AWSFGVGPSTT--IDGHY--GLYVWHSN-————=—— SAGHMTVRICRWYQDRDPIAQNSPHDTTSSDEILNVRQP-Y--VFTHAGF--QVIGVSWTGEAVTVYGKSKLYRLYVPGASLHWNS
Porcine-EDV —————- GFEIGISQE--PFDPSGY--QLYLHKATNG-———— NTNAIARLRICQFPDNKTLGPTV-NDVTTGRNELFNKAIPAY--M-RDGKD--IVVGITWDNDRVTVFAD-KIYHFYLK--NDWSR
BtCoOV512 —————- GFTIGVSQY--NFDPSTY--QLYLHRDTNG-———— NSNAFAYLRICKWPSKKWLQSTS-NMDTSGRFELVNKKIPAA--F-TDHAN--MVVGITWDQDRVTFYTD-KVYHFYVPN-NRWSR
HKU2 —————mmmmm e KWFCPTNV---GRP-VG-TGVGIGVYAQTAQASYETGGSG-————————————— AGGYT-——————————— FSVSPKHVTNLT-—————————————————— SL
NL63-related ———-—- ASAFGLGSSKF--DPNIY--QMYFGHRN-——————= QHNSFRVRICKWPSVQVPTLPR-DPPVAPKDELVDKQFQ-Y--QFAHKGH--KIYGVTFSGDRVRIHSTVGVHNFYVPGASNWDT
FCoV GNARGKPLLFHVH-—-————— GEPV--SVIISAYRDD-VQQRPLLKHGLVCITKNRH--INYEQF-TSNQWNSTETGADRKIPF--SVIPTDNGTKIYGLEWNDDFVTAYISGRSYHLNINT --NWFN

TGE WNH-RORLNVVVN
0C43 —————- NMALKGSVLLSR----LWFKPPF———————— L--SDEINGIFAKVKNTKVI —————————————— KDRVMYSEFP-——————————— AITIGSTEVNTS——————————————————— YSV
MERS-COV —————- MYVYS--AGHAT-GT--TPQKLEVANYSQD-V--KQEANGFVVRIGAAANSTGTVI——-ISP-—STSATIRKIYP———————————— AFMLESSVGNFSDG--——— KMGR-F----FNHTL
HKUI —————- DLSLKGTTYLST----LWYQKPF-——————— L--SDENNGIFSRVKNTKLY—————————————— VNKTLYSEFS———————————— TIVIGSVEINNS-—————————o— oo YTI
Covid-19 —————- WFH--—--AIHVS-GTNGT---K-—-RFDNP-V--LPENDGVYFASTE————————————mmmm e — KSNIIR-——————————— GWIFGTTLDSKT————————————mmmm—m 0SL
Bovine-CoV —————- NMALKGTLLLST----LWFKPPE-——————— L--SDETNGIFAKVKNTKVI —————————— e KDGVMYSEFP-——————————— AITIGSTFVNTS———————————mmmomo e — YSv
HKU4 —————- QYLYS--VSHAV-GHDGDPTKAYISNYSLL-V--NDEDNGFVVRIGAAANSTGTIV---ISP-—-SVNTKIKKAYP————————oe—m AFILESSLTNTSA-—-——- GQPL-Y----ANYSL
HKU5 —————- QYLFS--DGHSA---PGRLNNLEVSNYSSQ-V--ESEDDEGFVVRIGAAANKTGTTV---ISQ-~STFKPIKKIYP——————— e AFLLEHSVGNYTPSN----RTGR-Y--—-LNHTL
HKU9 —————- LYPVTPPANGAN-———— G---GF--IYNTS-I--IPVSAGLFVNTWMYRQP————————— AS————SRAYCQEPF-————o—o—oo GVAFGDTFENDR-—————————————————— IAI
SARS-COV —————- GFH-——=TIN-—————————— H-—-TFGNP-V--IPEKDGIYFAATE - —————————————— KSNVVR-——————————— GWVFGSTMNNKS - —————————————————— Qsv
HKU24 —————- NLLLKGTQWLST-—--NWFLPPF-——————— L--SEENSGIFVKARNSKPV—————————— e LNGITHSEFG-————————=—= TIVFETSFVNTT-—————————mmmmmmm YTI
Rat-CoV —————- NMALMGTNTLSL-—--NWFEPPE-——————— L--SEENDGIYAKVKNLKAS ————————————ec LPIGSASYFP-——————— e TIIIGSNFVNTS-———————mmmmmmmmm YTV
Bat-BCOV —————- PWK-——--AFNAL-TTNER---KD-~KRNFE-R--HPEGEGVFVTIKHTQV-————————mm e me e — SGPSTPP-——————————— MYLFGTYFNSSS————————mmmmmmome e YTL
Hedgehog-CoV —————- MYVYS--QSHKG--—————— RPFISNYSLV-T--NDEGNGIVIRIGSAANKTGSPI---ISNIASNFQIMKKLYP-————————eeu ALLFGSAVGKFPANN----KTGA-Y--—--FNHSL
GCCDCI —————- VYPVTPPMFNLT-YGNVT---PG--VYNTS-F--LPVFDELLVHTYMNRFA-—-—H-—-LDN-—-—PNRTCQEPF———————————— GVVFGTTFEQDR-—————————————————— IAM
HKU14 —————- NMALKGTLLLST----LWFKPPF-——————— L--SDENNGIFAKVKNTKVI —-———————— e — e — KNGVMYSEFP-——————————— AITI@STFVNTS——————————————————— YSV

MAHV IGSLEFGYTSYTVVIEPYNGVIMASVCOYTICOLPYTDCKPNTNGNKLIGFWHTDVKPPTICVLKRNF TLNVNADAFYFHFYOHGGTFYAYYADKPSATTFLESVYIGDIT.TOYYVI.PFICNPTAGSTE

Beta-CoV cons
- mEn O

------ 16110--32100-----0---10--------3--13514576434320000----—-———=——----000224242---——————-—--546682473322-—————————————————-2
Alpha-CoV cons
—————— 0001020-------0001--00000000--=-=-=---00001010121000000000----000010020100000----0-00000--00010000000201200-000010101--0100

Combined cons
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229F ————— e - A---LLHI--AGCQT-TNGTN-T--SHSVCNGCVGHSEN RSF SVSGSQF ---TTGF

NL63 L-SVK-————————— CYFNYSCVFSVVNATVT--VNVTT-HNGRV-V--NYTVCDDENGYTDNI SRLY PVPGLKS---STGF

HKU8 V-SIR-————————— CPDKFSCSSQIVTKAIT--VNVTTFANGTI-D--KYAICDNCNGYPAHT RIVSE AVPGLMS---TNSF
Ferret-CoV NVTIKTQTN-=————-— ANQIYWWEFNPVRDLSYYNVNKTV--DSTI-VVSNCT--SDESGYAANI KFVSS TPVPSFGD---ETSTI
CDPHE15 I-RFS—-—-—-——————- CGHKDSCGHQVVYSTNVEFNVTVLNG---FI-T--NYQVLPDSGEFSDNL TVVSN PIPSSTG---ALAT

HKU10 V-NVN-=———————— CAHKSSCQVYPVKDSVT——WVVNTTADGRV—K——DYTICGSINGFPQH KFVAS P LDS---SASV
BtRf-AlphaCoV V-AVK-————————— CLVKETCAFFAAHKMVT--LNITTNGQGLI-K--NYSVCKDENGFPQH KIVDI P LLVA---NDNK
LuchengRn-CoV SWADTH-—-—--—- D e et SFEHGSVISYVQICKYPSNVVTDI---TNGNGCHTNMAG-PGATTCDVILSS------———=—————-PLECVLNRTY--—-———————
Mink-CoV NATISNTFA----SNGTTSNSWWFNPVYNLTYYRVNKT---DNTV-VVQONCT--NNCADYVNNI TITDIEFLTR PVPSFSE---TSQN
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Ferret-CoV INEDTV-P----SQ -TV-NGSFD FNLNEFTANVASSSGTSFLALNTTGGVVLYLSCFNETKTTNLYMSEGALP----FGTHEGALYCYVSYNE--————-euu—— TSFKYIGVL-PPSVK
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HKU14 -TYDVNA-——————————————————DFLYFHFYQ-———————EG@TFYA——YFTD—————————————————— TGFV-——m——————— TKFLENVYLG-——————————— TVLSHYYVM-PLTCDS
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NL63 IVVART FKYFDLGFIEAVNENVTT----ASATDF FATFVDVLVNVS D-SPFEKLQ SANFL--DDNVLPETY

HKU8 IVITRY FSIFOQGPPIQGVLEFNVTN----RGATDL LSNFTEVLAEVQS D-DPLSQLK ATASL--FQHELPRTF

Ferret-CoV IAVSK YNYFQTFPIDSVAFENLTT----GNSGAF N-SHINDIK PVSQH--SLPNVNKTF

CDPHE15 IVIASN YRYFAAGDLSSVDVELPSQ--QVFGSTF FTVFETVLLEVDGTS D-NPLNRVK PLTDVDL--AVKPFTF

HKU10 IVVSRY RIFKLPPLEGVVEFNVTS----DVGSDF D-NTLNKVK PTTNL--VDSVVPKTY

BtRf-AlphaCoV IVISRY KLEFEVPYVESVVENVTS----SVGSDF YAQNTEVLLEVNSED D-TPANKLK PAALV--TGVEVPRTY
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BtCoV512 FVITKY YIYLRTRPLTAVHLNASS--HSQDVAGEF TNFTDVLVEVNN ORLLYCD-TPENSVKCSQLSFELED:! SMTADNVYAVTKPHTFVMT
HRKU2 ——————— e e GRMTKFNVVTEISSVLVLTDOSGAVTRYSYCADGFVNGLQCKLRLEDIPP SNSEVE----YPVALYTV---VHNMSVCPQRPESY---
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0C43 —————— - KLTLEYWVTPLTSRQYLLAFNQD FN; SDFMSEIKCKTQSIAPPT ELNGYT----VQPIADVYR-RKPNLPNCNIEAWLNDK-
MERS-COV I-=--Q-————————— o —— SDRKA----WAAFYVYKLOPLTFLLDESVD RR GFNDLSQLHCSYESFDVES SVSSFE----AKPSGSVVE--QAEGVECDFSPLLSG--
HRKU] T———— e SSNTDNETLQYWVTPLSKRQYLLKFDNR TN SSSFFSEIQCKTKSLLPNT DLSGFT----VKPVATVHR-RIPDLPDCDIDKWLNNF -
Covid-19 YLTPG-—————————— oo~ DSSSGWTAGAAAYYVGYLQOPRTFLLKYNEN TD ALDPLSETKCTLKSFTVEK! QTSNFR----VQPTESIV-RFPNITNLCPFGEVFNAT-
Bovine-CoV ———————— e ALTLEYWVTPLTSKQYLLAFNQD FN; KSDFMSEIKCKTLSIAPST ELNGYT----VOPIADVYR-RIPNLPDCENIEAWLNDK-
HRKU4 K===A-——— e~ NKREA----WAAFYVYKLHQLTYLLDFSVD RR GHDDLSQLHCSYTSFEVDT SVSSYE----ASATGTFIE--QPNATECDFSPMLTG--
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SARS-COV ——————— e PAQDIWGTSAAAYFVGYLKPTTFMLKYDENGTEITD SONPLAELKCSVKSFEIDK QTSNFR----VVPSGDVV-RFPNITNLCPFGEVFNAT-
HRU24 ————— e ROTYEYWVTPLIKREYLLVEDGN TN ASDHMSETQCMTQNIKPVT ELTGYT----VQPIADVYR-RIPNLPDCEIEQWLNDP-
Rat-CoV T===——— e TSG--VFSPQYWVTPLVKRQYLFNFNQKGIITS ASSYTSEIKCKTQSMNPNT DLSGYT----VOPVGLVYR-RVRNLPDCKIEEWLAAN-
Bat-BCOV —===P-——— e — AQGOGYTRGNYVVYYAQLKKSTFMFGFDSNGLITRY IDCAAGPKDELMCSQOGSFNITP TTTNYR----ATPKQHVVITSADVSAECPFQSLINVTE
Hedgehog-CoV SN--Y——————— e —— ASYHA----FSAFYIYKLHKINYMVDEDVNGYITR GYNDYTQLQOCSYGQFDMDS SASYFN----ARSRGYYYE--AAELTECDLDVLFKN--
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0C43 -SVPSPLNWERKTFSNCNFNMSSEMSFIQ-—————— NNIDAAKIYG IPNGRKVDLOLGNLGYLQSF OL--YYNLPAANVS-VSRFNPSTWNKRFGFIE
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MERS-COV —————— KYSY¥INKCSRLLSDDR-TEVPQLVNANQYSP--CVSIVPS--TVWEDGDYYRKQ
HKUI FN—————————— LSSHSVVY¥SRYCFSVNNTFCPCAKPSFASS———————
Covid-19 —————mmm— NYLY—————mm e RLFRKSNLKP--——- FERD-——--— ISTEIYQ-————— e
Bovine-CoV QSVFKPQPAG-VFTDHD QHCFKASTNFCPCKLDGSLCVGNGPGIDAGYKTSGIGTCPAGTNYLTCHN
HKU4 ———— e AYGYISKCSRLTGANQDVETPLYINPGEYSI--CRDFSPG--GFSEDGQVFKRT
HKU5 ————— oo NYA¥LTECYKTSAYG-——KNYLYNAPGAYTP--CLSLASR-—GFSTKY QS —— === = — o oo o oo
HRKU9 ———mmmmmmmmmmmmmm = NRFP—————— T Kem e PGGR-———————— e QSN--
SARS-COV ———————mmm—————— NYKY-——————— - RYLRHGKLRP-———— FERD---—- ISNVPFS———————————mmmmmmmm———— PDGK-———————— e PCTP-
HKU24 F---KPLNIGQONYNKYSAI¥STMCFNVPNDYCPCKLGCPTGTVERPQIGTSTSGQOPIYDCPG-—————— e m e YP————- WLTSSACKQTPATVGVGQYCPGVGVMADQCAPS
Rat-CoV VATFG-——————- SGIHDVANAEACFTVGASYCPCAKPSIVYS——————- CVTGKPKSANCPTGTSHRECNVQA-SGFKHKCDCTCNPSPLT--—-TYDPRCLQARSMLGVGDHCEGLGILEDKCGGS
Bat-BCOV —————— e CHVYTNNLTNYPAEA-————— TAWDKSHYES--——- IERY--QOMWSSENVYNCELQE-~——————— e = VGPQ-————mm e QFN-R
Hedgehog-CoV ———————————c NYA¥ISRCQGVDGK--———— PILLQPGOMTNIACRSGVLA——R-PSDADYFGY — -~ —m o m o e e SF
GCCDC1 ——————mmmmmm—————— VP———PGAYP————— - ——— T Kem e PGGR-————————— e QLF--
HKU14 QSVFKPQPAG-VFTAHDVVEAQHCFKAPTTFCPCKLDGSLCVGSGSGVDAGFKHTGIGTCPAGTNYLTCYN-————— SVQCNCQCTPDPILSK-ATGPYKCPQTKYLVGVGEHCSGLAIKSDYCGGN

MHV EIOTRSPKVTIDCAAFVCGDNTACROOLVEYGSFCVNVNAILNEVNNLLDNMOTL.OVASAT.MOGVTISSRLPDGISGPIDDINFSPLLGCIGSTCAEDGNGPSAIRGRSAIEDLLFDKVKLSDVGEFVE

Beta-CoV cons
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Alpha-CoV cons
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----------------------------- 0o —m - -m----22220000000--110011000 10— —mmmmmmm o m o mmmmmm Do --_--__-__---_---_C01010

Quality
________-_-‘-LL__-__-_L



?00 ?50

DVIT

?60 ?70 ?90 }000
1 1
PK---PVEGVSSFMNVTLNK RISNDTFLNG--ITETSTS

1
229E K-DIPGG

NL63 V-EVPGSENFPLEATW NSITGVPY---PVSGIREFSNLVLNN RSSNOSLAGG--ITYVSNS

HKU8 NGTIGKGETLGIYKRA DNILGVRE---PN RDO HON RPANISYIAG--VYYTAAS
Ferret-CoV L-PTGSDCAFSLTVQON LDHLGVQT---PD KDL YON RSTNOTLLGG--LY¥TSLS
CDPHE15 G-ESGAGCGVDVMVES DIT PK---PSEGIRDVSKIHLD RLTNDTLLGG--LY¥TSPG
HKU10 K-PIAGGCTMRLVKQT SKITGVLQ---PTGGVYDPSIVHMG SVSNTTYIAG--LYYTSFA

BtRf-AlphaCoV Q-PVGSSETISIMKNW-————————————————— MG-F NRITGVKN---ASTGIFDPSVMOLNE RKANSSYISG--LYYTSIA
LuchengRn-CoV ———————— e GYFALY-----NGYVIYN--AKFVSKGLTVCVVQ-————————— ILRNTTHQIDSFHNILYY—-—-
Mink-CoV V-PLGDDERLDLTVQT—-———————————————— RYFT-—————- LDIVGLPR---ADAGLKDLSVLHLN ITIRETNOTVMGG--LYY¥TSLS
Bat-CoV-1A K--PNGG SVVARG-=====———————————— YFGE-————- FQKVGVLYVSFTKGDNVLGVPPNNIPTIGVSDMSDVKLN IINKSNNTFVSG--LFYTSVT
BtMr-AlphaCoV V--ANGGECTMNIVTQG-————————————————— PYGL-=-=—-- PHTIAVLYVSYTEGDNIIGVPLSNIPPLGVSDMSQOVYLDT TRSNNTFITG--LYYTSNA

BtNv-AlphaCoV V--DNGGECPMPINAIN-————————————————— YIKI-————- EYPIGVLYVTHSPGEAITGVPKGFIKRLGFLDASILHLN Ki NKANSTLHTG--I DTA
Porcine-EDV S-LLAGACTIDLFGYP-———————————oemu— AFGS———-- GVKL-TSLYFQFTKGELITGTPK---PLEGITDVSFMTLD E TLTNSSILAG--VYY¥TSDSGQO
BtCoV512 S-PADGACELKYYVWN-————————————————— TIGA-—-—--- VSHLAGTLYIQHTK DIITGTPK---PLOGLNDISELHLDT D RLTNOTFLSG--VYYTSESGQ
HRU2 —————— e GWSWND--YQODSTYDWWI--ADFVSTGAFVCEKN PDAPRTG OGVLYESNFTFAQYYNVLYF ———
NL63-related K-QLPGGECSMLIKRSN-———————————————— VN-Y—————— NSDIGVIYVSHSPGNNILGVPQ---ASTGVKDLSYIVTD Ki RKTNSSLPAG--TI SESGSLLG
FCoV S-PVGAN QVVRSLYVIYEEGDNI PS---DNSGLHDLSVLHLDS ¥ H RRTNSTLLSG--LY¥TSLSGDLLG
OVVRSLYVIYEEGDNI PS—-—-DNSGVHDLSVLHLDS VGITROTNRTLLSG--LYYTSLSGDLLG,
0C43 —————————- AFLGWSADS-CLOGDKCNIFANFILHDVNSGLT -—--L---QKANTDITILG OGIFVEVNATYYNSWONLLYDSNGNLYGFRDY
MERS-CoOV —--EGGGWLVASG-====—=—=—=—=—=——— S————e—- TVA----MTEQLOMGFGITVQYGTDTNSVCPKL---EFAND-TKIASQLGN RGVFONCTAVGVRQQOR-FVYDAYQONLVGYY-S

HKUl ---D-GSYNVSCLCSTD—-—————————— AFLGWSYDT-CVSNNRCNIFSNFILNGINSGTT -—--L---LOPNTEVFTD
Covid-19 ---EGFNCYFPLOSYG--—-—————— Fommm——- QPTNGVGYQP-YRVVVLSFELLHAPATVCGPK-—-K=—=—=——— STNLVKNK
Bovine-CoV —————————— PCTCOPQ-—=————————— AFLGWSVDS-CLOGDRCNIFANFILHDVNSGTT —-—-L---QKSNTDIILG
HKU4 ---EGGGLLIGVG-----—-——————-T——ee— RVP----MTDNLOMSFIISVQYGTGTDSVCPML---DLGDS-LTITNRLGK!

HKU5 ---HSDGELTTTG---==========Y—————- IYP----VTGNLOMAFIISVQYGTDTNSVEPMQ--~-ALRND-TSIEDKLD

HKU9 —————- SAFIDTV---—=———————=J—————— NAAHY-SPFSYVYGLAVITLKPAAGSKLVCP-V—-——-AN—-———— DTVVITDR
SARS-CoV —--PALNCYWPLNDYG---——==—=—==F——————— YTTTGIGYQP-YRVVVLSFELLNAPATVEGPK-—--L—————— STDLIKNQ
HKU24 ---MPGNSILTCSCSNTQYSAGNSQPYYYAWTSFGADT-CLSGGNCQVFANVLLNNVNSGTT —-—-L---QKANTEIIVG
Rat-CoV —==-N—-—=—=——-— ICNCSAD—=======———— AFVGWAKDS-CLSNDRCHIFSNLMLNGINSGTT ---L---QLPNTEVVTG
Bat-BCoV —--MPRNCYVRSNNSND=-===—=—==—-— Yoo WOPMSFRGVNSLMVAMAITLKPTRTSATVEGYK---QK-=——- TTPLVLNE
Hedgehog-CoV ---QGRNYYLGRK-—=——=——————— S——eeee YKPKT--DEGDVQOMVYVITPKYDKGPDTVCPLK-—--DMGAASSSLDGLLGQ!
GCCDC1 ———-—- NSFVSQV—=——————————— Lo————- DSPTSQCTPANCMGVVVIGLTPASGSNLVEP-K-—-—-AN—-—-——-— DTQVIEGQ TGVINQ-SDLAIPNNKLFVTSKSGAVLAV--R
HRKU14 —————————- PCTCQPQ———————————— AFLGWSVDS-CLOGDRCNIFANLILHGVNSGTT —-—--L---QKANTDIIVG ISGOGIFVEVNATYYNSWONLLYDSNGNLYGFRDY

MHV AYNNCTGGOEVRDLLCVOSFNGIKVLPPVLSESOISGYTTGATAAAMFPPWSAAAGVPFSLSVOYRINGLGVTMNVIL.SENOKMIASAFNNALGATODGEDATNSALGKIOSVVNANAEATLNNLLNOT,

IFKEVSAVYYNSWONLLYDSNGNIIGFKDF
LTESNKKFLPFQQ-FGRDIADTTDAVRDP
IFVEVNATYYNSWONLLYDSNGNLYGFRDY
FONCTAVGVKQQOR-FVYDSFDNLVGYY-S
FHNCTSVGLRNQR-FVYDTFDNLVGYH-S
LSKNTSLVIPDGKVFTASSTGTIIGV--S
LTPSSKRFQPFQQO-FGRDVSDFTDSVRDP
IFTEVNATYYNSWONLLYDSNGGLYGFKDF
FKEVKADYYNSWONLLYDVNGNLNGFRDI
IVSANYTFQSFQT-VQLTSTGSLHSF--K
FOVCNTTGIASQI-FVYDGFGNIIGFH-S
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Beta-CoV cons

02101--21420524345442132443569503===2====—- 25233343953935375376578111522543253-7526334462561-1

Alpha-CoV cons _I
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Combined cons
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229E TN NPPDQLVVYQQA-——— AMLSENFTS--YGESNVVEMPK STTAVQO-PRN——————
NL63 ST NQPDOVAVYQQS----IIGAMTAVNESR--YGLONLLQLPN SLIPVR-PRN-=-———-—

HKU8 TT NPSQOAVVVKDR----L MSSTSTVS--IPFNNTIPTPS GITFVN-STR
Ferret-CoV TT QLS VINGK————IVEAVTSVQSPI--LDLPHHIVTPOFYYHSIYNYSATPTSYRTNNGFDKYL—mm—m—m—m—mmmmmm e ALVFIN-ITQ-—————
CDPHE15 TT SLTQOVAVVSDE----1 SSSANVSDQFSEFTYTTVTEQ ALRILO-PRE——————
HKU10 TT DTSSQVAVYGDA----IIGAMTSSANVT--FGEVNTTVLPS ADGSVVDVT-LRQ-—————
BtRf-AlphaCoV TT QLT VVNDD—----T SSTNTSG--INFTHTITTKT SDGSITEVT-VRK——————

LuchengRn-CoV 1 NRFYYS-VFKTL---SAIGYLYSGATCD--STDVTTFMT-————————— DVNVTGQPVVGN
Mink-CoV TT ELS VIDGS----1 ATTSVNSEL--LGLKNHIVTPY YSVYNYTADNN----SRSMQKYD ANGALVFIN-VTH--—-—--
Bat-CoV-1A TT QLTTOVAAVSDK----T AAATKEVT--LPFDTHVSLGS HYKNSNAE EDGRLVNIS-RSE—————-—
BtMr-AlphaCoV TT QLSSOQVAVISDA----T ASSTPNVS--IDEFNVTVVADN L--SNSAQ SDGSITNST-ARR—-=—————
BtNv-AlphaCoV TT QTSMOYAVIADN----T ISADTATG--ITFNHTIATP S--TNTDR ADGAIGYVQ-PRV-—————-—
Porcine-EDV TS SFSE YVNDD----T ISSLSNST----FNNTRELPG H-—SNDGS———— == — e e e KSGSIGYVP-SQY——————
BtCoV512 TT QLVQOQVAFVEDR----T ISSANNTG---FFNSTRTFPGEYYH-—-SNDT T ——— = = — e TSGAIGLLS-PKA——————

HKU2 1L FEASYDVLFRSS---SSFGLLYRSFDCN--QLRISASRF—————————— ADLL--SNVVVRR
NL63-related TDSTVYTVTPCATATOLAVYKQK----VLEGAITAVKNDS--FGENSTLTLPLEYYH--SNGKV === = — e e PDETMIQIK-PVE—————-
FCoV SDGVIYSVTPCDVSAQAAVIDGA----IVGAMTSINSEL--LGLTHWTTTPNEYYYSIYNYTSERTR---GTAIDSND-—————————mme—— KNGALVFIN-VTH-————-—

TGE SDGVIYSVTPCDVSAOAAVIDGT-————IVGATTSINSEL--LGLTHWTTTPNEYYYSIYNYTNDRTR———GTATIDSND—————— e ———— ——— ITYSNIGVCKNGAFVEIN-VTH——————

0C43 ITNRTFMIRSCYSGRVSAAFHAN--SSEPALLFRNIKEN--YVFNNSLT-——————————————— ROLOPINYFDSYL AYNSTAISVQTEDLTV----GSGYCVDYS————— KNRRSRGAIT
MERS-CoV DDGNYYCLRACVSVP IYDKE--TKTHATHFGSVACE--HISSTMSQYSRSTRSMLK RRDSTYGPLQTP LGLVNSS-LFVEDCKLPL----GOSLCALPDTPSTL-TPRSVRSVP
HKU1 VINKTYNIFPCYAGRVSAAFHQON--ASSLALLYRNLKCS--YVLNNIS——————————————————— LTTQPYFDSYL FNADNLTDYSVSSCALRM----GSGFCVDYNSPSSSSSRRKRRSIS

Covid-19 QTLEILDITPECSFGG ITPGTNTSNQ YODVNCT--EVPVAIHADQLTPTWRVYSTG-=-=——=—— SNVFQTRAGCLIGAEH-V-NNSYECDIPI----GAGICASYQTQOTNS-PRRAR-SVA

Bovine-CoV LTNRTFMIRSCYSGRVSAAFHAN--SSEP FRNIKCN--YVFNNTLS ROLOPINYFDSYL ADNSTSSVVOQTEDLTV----GSGYCVDYS————-— TKRRSRRSIT
HKU4 DDGNYYCVRPCVSVP IYDKS--TNLH FGSVACE--HVTTMMSQFSRLTQSNLR RRD-SNIPLQTA IGLSNNS-LVVSDCKLPL----GOSLCAVPPVSTFR-SY————— SA
HKU5 DNGNYYCVRPCVSVP IYDKA--SNSH FGSVACS--HVTTMMSQF SRMTKTNLL ART-TPGPLQTT AMGFINSS-MVVDECQLPL----GOSLCAIPPTTSSR-VRRATSGAS
HKU9 INSTTYSIMPCVTVP —-—-—-GYHPNFER FNGLSCS--QRSRAVTE-PVSVLWSASATA-——————— ODAFDTPS NVELRNTTIVNTCAMPI----GNSLCFINGSIATA-NAD---SLP

SARS-CoV KTSEILDISPCAFGG ITPGTNASSE YODVNCT--DVSTAIHADQLTPAWRIYSTG NNVFQTOAGCLIGAEH-V-DTSYECDIPI----GAGICASYHTVSL—-———-— LR-STS
HKU24 LTNRTYMIRSCYSGRVSAAYHSD--TDEP, YRNLKCS--YVFNNNIS ISRSVIRYFDSYL ADDDIAEAVGSENLTV----GSGYCVDYS———-— STWRAKRDLN
Rat-CoV VINKTYLLRSCYSGRVSAAYHQD--APEP YRNLKCD--YVFNNNIS REETPLNYFDNYL ADNSTEHSVDACDLRM----GSGL TAHRARRSVS
Bat-BCoV YNNTIYGILPCAQAQVSIVTAGSNHD-N YNGLGEN--AFQSKMQOG-VDNTEWSVYTNF == =————— SSPIDTP LTGAIQAQ-ENSTECQOFAL----GLDSCVNYTADTRL-RT-AR-AAD
Hedgehog-CoV KNGTYYCMAPCVSVP IYDKS--SDVH TIYSSVE N--HIKSVATVFSRQTESKLR—————-— S--SDNGLLQTA IGFRNTS-DTVEDCTLPL----GOSLCAKPPSFSSR-STN—---VN
GCCDC1 AGDKVYSITPCVSVPISV---GYDPGHQRALVFNGLDES--ARANAVSM-PASEYWTAAAST---TARGSEPVLDTPS YNVNNCTTHTVSVCEMPI----GNSLCLVSNFTCSD-VATASLSPN

HKU14 LTNRTFMIRSCYSGRVSAAFHAN--SSEP LIFRNIK N--YVFNNTFA ROLOPINYFDSYL NADNSTASTVQTEDLTV----GSGYCVDYS————~— TOQLRSRRAIT

MHV SNRFGAISASIQOEILTRILEAVEAKAQIDRLINGRLTALNAYTISKOLSDSTLIKVSAAQATEKVNECVKSOTTRINFCGNGNHITLSTLVONAPYGLYFIHFSYVPISFTTANVSPGLCISGDRGLAPKA

Beta-CoV cons

15235535268437276701033--40327766437385--12133510

Alpha-CoV cons

5282993927 313382256342----57"574432322--002123215002230--12120

Combined cons

2773673937+215255811032----32 675433333--00252223-0000?0--0 ---------------------------------- 363435----7486+1233600000-241--———~
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229FE —————————————— V----SYDSVSAIVT-ANLSI ITSTPI \Y Ki RNS SADVSEMLTFDKKAFTLAN----VSSE-G-DY
NL63 —————————————— S—-—-—--SDNGISAIIT-ANLST ITSTPI P Ki RLSAHLETNDVSSMLTFDSNAFSLAN----VTSE-G-DY
HRKU8 —————————————— V----RGEPDPAISM-GNIS SIRPVSI PH o) QLS SFEVNSMLTVSETALDLVN----ISTE-GGDY
Ferret-CoV ——=——————————— S—-—---EN-PVOPIST-GNVTI SSEAVSI P A ITST LELESMISISDNALALAT----VETENSSDY
CDPHE15 —————————————— D-=--TTQ-PTPIVS-GVISIAT LANTPIS P H OLSAKLESIEVTNMLTVSEDNLQIAN----ISTENGGGY
HKU10 —-========—=———= Y----QPAPVSPIAT-TNISI YSQQVS QLS SLEVSSVVSVSENALKLAN----ITHE-D-SY
BtRf-AlphaCoV —————————————— T----EPEPVAPITT-GNLST YNKPVS QLS SVEVANIIAVSDEAVQLAN----VSY -D-TY
LuchengRn-CoV ————————— IFIQTH----DTDYARPILTAQQIEL TSTPKFD LADIKSSSIQLDYQILGLYKTLAVDFKV-=--PDI---DFGDF
Mink-CoV —————————————— T----NG-DVQPIST-GNVTI STELVSI A o) GSRLESMELESMISISENALKLAS----VEEENSSAM
Bat-CoV-1A —————————————— D----T-FVPSAVIS-GNITI FSFVVQP IMTKPVS EPLOLNARLEALELTSMIIVQDKTLKLGV----ASNEN-DTF
BtMr-AlphaCoV —————————————— A----AADPVSPVIS-GNIS FTFSVQ LMLKPVT A OLSARLESVEVNSMISISQEALALGV----IDNEK-HDF
BtNv-AlphaCoV —————————————— V----STTPATPITT-GNLTI FTVSIOQA SLRA] R NARLESQEVADMLAVDYAAYRSSLELN-TPQEE-NGF
Porcine-EDV —————————————— G----QVK-IAPTVI-GNISI FSMSIRTEYLOLYNTPVS S OLSARLESVEVNSMLTISEEALQLAT----ISSENGDGY
BtCoV512 —————————————— A----QPQ-VOPMFQO-GNISIPTNFT RTEYIOLFNKPVS D OLSARLESMEVNSMLTVSDEALKLAT----ISQEPGGGY
HRKU2 ——=—————— MTFEKH----DTTYVAPVTNERFTELPLDHQLVLTEQFLOQTTMPKFSIS DVSKA DIRGAGVELDSDVSGLYSTIAAKTSS—---ITP---TTDRF
NL63-related —————————————- T----TPQVVAPIVT-ANISIPLNFTTSVQ LOLSSRPVS P OLTARLEASEVNSMIKLSPTAIDNANKLGVSTYQ-G-GF
FCOV m———mmm o S—---DG-DVQPIST-GNVTIPTNFTISVQ YTTPVSI P AMGARLENMEVDSMLFVSENALKLAS----VEAENSTEN
TGE mmmm——m - - — —— S———-DG-DVOPIST-GNVTIPTNFTISVO YTTPVSI P AMGARLENMEVDSMLFVSENALKLAS———-VEAENSSET
0C43 TG----YRFTNFEPFTVNSVNDSLEPVGGLYEIQIPSEFTIGNMVEFIQTSSPKVTI GDYAA TEVNELLDTTQLQVANSLMNGVTLSTKLKDGVNFNVDDI
MERS-CoV GE--MRLASIAFNHP---I--QVDQLNSSYFKLSIPTNESFGVTQEYIQTTIQKVT NGFQKCEQL HGANLRQDDSVRNLFASVKSSQSS--PIIPG---FGGDF
HKU1l AS----YRFVTFEPFNVSFVNDSIESVGGLYEIKIPTNETIVGQEEFIQTNSPRKVTI SNYAACHDL DEVNGLLDTTQLHVADTLMQGVTLSSNLNTNLHFDVDNTI
Covid-19 SQ----- SIIAYTMS----LGAENSVAYSNNSIAIPTNETISVTTEILPVSMTKTS GDSTECSNL TGIAVEQDKNTQEVFAQVKQIYKTP---PIK---DFGGF
Bovine-CoV TG----YRFTNFEPFTVNSVNDSLEPVGGLYEIQIPSEFTIGNMEEFIQTSSPKVTI GDYAACKSOQ, TEVNELLDTTQLQVANSLMNGVTLSTKLKDGVNEFNVDDI
HKU4 SQ--FQLAVLNYTSP---I--VVTPINSSGFTAAIPTNESFSVTOEYIETSIQOKVT NGFTRCEKL HGANLRODESVYSLYSNIKTTSTQ--TLEYG---LNGDF
HKU5 DV--FQIATLNFTSP---L--TLAPINSTGFVVAVPTNETFGVTQEFIETTIQOKIT NGFKKCEDL HGANLROQDESIANLFSSIKTONTQ--PLOAG---LNGDF
HKU9 R—---—- LOLVNYDPL---YDNSTATPMTPVYWVKVPTNETLSATEEYIQTTAPKITI GDSSRCLN SRVSTILDSALLSLVKELSI-NTRDEVTTFS---FDGDY
SARS-CoOV QK————-— SIVAYTMS----LGADSSIAYSNNTIAIPTNESISITTEVMPVSMAKTS GDSTECANL SGIAAEQDRNTREVFAQVKOMYKTP-—--TLK---YFGGF
HKU24 TG----YRLTNFEPFVPTLVNDSVESVGGLYEIQIPTEFTIGNLEEFVQTTSPKVTI GDYAACREQ NEVNSMIDTSQYQLASTLMNGVTLSSRLKDGISFNQDDI
Rat-CoV TG----YKLTTFEPFTVSIVNDSVESVGGLYEMOIPTNETIASQOEFIQTRSPKVTI GDYTVCRQQ! GEVNNLIDTMOLQOVASALIQGVTLNSRLADGISGQIDDI
Bat-BCoV RALTFNYMYFAQELP----SQSEQSVAFDNSTLOIPINETIGIEYETIPVTMPKVT GDNSECRTL RGVALQODVNQKDVFSSVRRLAKVSSPMNLG---NLNGF
Hedgehog-CoV NT--FALVHMLFQNP---L--KVSVLNSTEFQVSIPONESFGITEEFIETSIQKVT NGFERCEQL HGVNLRODDATKSLFEDIKVPQSV--PLMTS---LTGDY
GCCDC1 L----—- LSLVVYDPT---D--AGLKVLTPVYWVSIPTNETLAATTEYIQTTAPKVN GDSERCID ADVSATIIDSSMVTMVSELTA-GVMWSETPQA---NVGSY
HKU14 TG----YRFTNFEPFTVNAVNDSLQPVGGLYEIQIPSEETIGNMEEFIQTSAPKVTI GDYAACKSQ TEVNELLDTTQLQVANSLMNGVTLSTKLKDGVNFNVDDI

MHV GYFVODDGEWKETGSSYYYPEPITDKNSVIMSSCAVNYTKAPEVFLNTSTIPNPPDFKEELDKWEFKNOTSTAPD TYEMNRIODATKKINESYINLKEVGTYEMYVKWPWYVWL,

Beta-CoV cons

20----031637613---0--13312553251547755756534355747355445595326684553281243257468537623223634772662384346330223--00113---32437

Alpha-CoV cons

—————————————— T————3000237746—4575 7587666942 755327497+44 123427575 447544+35773755479348626312363510----4000-0-36

Combined cons

—————————————— 0————0?00234546—52 39+577866544
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229E —————————————————_NLSSVI-PSL---PRSGSR-—-———- GLT--

NL63 —————————————————_NLSSVL-BPQR---NIRSSR--————— GLT--

HRKUS ——————— e NLTALL-PQG-—-G-———————————— GFT--
Ferret-CoV LDPVYNDQHNTIGGIYMDGLKDLL-PRR-—-SCANKH-—————— ALG-—
CDPHE15 ———m—mm e NFTNLM-GTT——m—mmmmmmmm e GVT--
2000 — NLSVLL-IKS---D ------------- G-K GFT--
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HKU8 TS IRISGENVVYVNITDEQLPQVQP--EFIDVNKTLEELMSR-LPNNEGPN-————-
Ferret-CoV TMS QIESCTTTF TVAELPSIIP--DYI LTIDVF
CDPHE15 QIS RIEGCDVEYFNVTGESLPDIFP--DFIDVNKTLEDILSQO-LONNTGPK——=——-— FDIDIF
HKU10 QFS QVEN SYLNLSDVDVNTVIP--DYI LGLDQY
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229E ISVVLIFVVSMLLL FFSCFASSIKGCCE--S-TKLPYY¥D-VEKIHIQ-—-—-—-
NL63 ISVVFVVLLSLLVF CNCLTSSMRGECDCGS-TKLPYYE-FEKVHVQ-———

HKU8 MIIALVLLTGLML CS ST---L-DFRG-SRLQQ
Ferret-CoV IGLILLIALPMLLF CKNSCKRP-SY
CDPHE15 IALIFTVSLLLF C--KG-PRLOP
HKU10 ILLAIILFSFLMLY
BtRf-AlphaCoV IFLALAAFTFLMLY
LuchengRn-CoV IFLVLVLFSFLMLWCCCATGCCGCCGLCGAACNGECCTK-———- -F
Mink-CoV IALIFLFVLPMLLF PI

Bat-CoV-1A VTLIILVGPML —~TEKVHVO—-———-
BtMr-AlphaCoV LVLILFTCLMLF ATERVHVO-—-—--
BtNv-AlphaCoV FAVVFVILLGLML CS ~VEKIHIO-----

Porcine-EDV IVIVLIFVVSLLVF CG AFEKVHVQ-———-
BtCoV512 JALILVVSLLVF CG C--RG-TKLQHYEPIEKVHVQ-—-—
HKU2 IFIALTLLAGLML CG CDCRG-TKLOSYE-IEKIHIQ-—--—-
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NL63-related TAVVLIFVVSLLMF CS CDCGS-TKLPYYE-FEKVHVQ-—-——-
FCoV IGLVVVFCIPLLLF IGELGSCCHSICS---RROFENYEPIEKVHVH-———-
TGE IGLVVIFCIPLLLFE IGELGSCCHSICS———RROFENYEPTEKVHVH - ———

0C43 ICLAGVAMLVLLFFIC
MERS-CoV FIAGLVALALCVFFIL
HKU1 ISFSFIIFLVLLFFIC
Covid-19 FIAGLIAIVMVTIMLC
Bovine-CoV IGFAGVAMLVLLFFIC
HKU4 FIAGLVALLLCVFFLL

HKU5 FIAGLVALALCVFFIL

HKU9 MIAGIVGLVLAVIML
SARS-CoV FIAGLIAIVMVTILLC
HKU24 IGLAGVAVLVLLFFVC
Rat-CoV IGLAGVAVCVLLFFIC
Bat-BCoV FIAGLIAIVMATIMLC
Hedgehog-CoV FIAGLVALALCLFFIL
GCCDC1 MIAGLVGLVLAVVLLL
HKU14 IGLAGVAVLVLLFFIC
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Envelope (E) protein

SARS-CoV-2
SARS-CoV
HKU1

0Cc43
MERS-CoV
229E

NL63
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1 --MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTAL YCCNI SLVKRPSFYVYSRVKNLNSS--R-VPD----LLV-
1 --MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALREGAYCCNIVNVSLVKBTVYVYSRVKNLNSS--EGVED----LLV-

1 --MVDLFFNDTAWYIGQILVLVLFCLISLIFVVAFLATIK OLCGFCNFFIISBSAYVYKRGMOLYKSYSEQVIPPTSDYLI-
1 MFMADAYLADTVWYVGQIIFIVAICLLVTIVVVAFLATFKECTIQOL.CGMCNTLVLSRPSIYVFNRGROQFYEFYNDVKP-PVLDVDDV
1 -—-MLPFVQERIGLFIVNFFIFTVVCAITLLVCMAFLTAT OCMTGFNTLLVORPALYLYNTGRSVYVKFODSKEPLPPDEWV -
1 --MFLKLV-DDHALIVNVLLWCVVLIVILLVCITIIKLIKECFTCHMFCNRTVYGPIKNVYHI----¥YOSYMHIDBFP-KRVIDF
1 --MFLRLI-DDNGIVLNSILWLLVMIFFFVLAMTFIKLIQECFTCHYFFSRTLYQBVYKIFLA----YODYMQTIARBVP-AEVLNV
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———-MYELVGTDTSVLIANVLVLIVLEVCIVIVGC

ATFK IQLCGMCNTLVLS SI¥VFNRGROQLYEFYND-VKPPVLDVDDVLIQTL

i ‘SIK IQLCGLCNTLVLS SIYL¥YDRSKOQLYKYYNEEMRLPLLEVDDI-———-
L
LILQFIVSTCTCFFTSVCK TVY¥I¥NKFKYDS--LSN-EQEELLL—====———

- ———-MLPFVHQQLGSFIVNFFIFTVAGAVILLVS QCLTGVNTLLVQPAT MGHSVYVKYQN-SKPELPP-ADWF ———
- ——-MYSFVSQETGTVIVNAVFILVGFVALLIVAL YCCNILDQGVVRPTR ¥ LOAQTFYNKLQP-VESELLV-V—-————-
- ———MFNLFLIDTVWYVGQIIFIVAVELMVTII ‘SIK IQLCGLCNTLLLSPSI ¥ RSKQLYKYYNEEVRPPPLEVDDIIIQTL
- ———MVELSLTDTVWYVGQIILIVAIGLLVILI ‘TFK IQLCGMCNTLVVSPSI * RGRQFYKFYSD-AKPPVLDLDDV-———-
- ——-MYSFVSEETGTLIVNSVLLFLAFVVFLLVTL YCCNIVNVSLVKPT SRVKNLNSSEGV-=-PDLLV-—=-—————-
- ——-MYDIVGTNNSILIANVLVLIIIGLLVVIVGC LILQFVFGVCGFVFKFVCK TILVYNKFRNES--LLN-EREELLC-DNV--——-
- ——-MLPFVQEQIGAFIVNFFILS VTLVVCLAILTAIREEVOCVSGCHTLVFLPAVHI¥NTGRAAYVKFQE-SHPPYPP-EDWV-——-
- ———MLPFVHEQIGTIIVNFFILT ITLVVCLAILTAIRLEVQCASGVNTLLFVPAFYI¥NTGRNAYFKFQE-NRPPFPP-EDWV-——-
- -MFMADAYFADTVWYVGQIIFIVAIGLLVII ATFKLEIQLCGMCNTLVLSES I¥VFNRGRQFYEFYND-VKPPVLDVDDV-———-
- ——-MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLEAYCCNIVNVSLVKPSFY¥V¥SRVKNLNS SR-V—-—-PDLLV--—-—=——-
- ———MVDLFFNDTAWYIGQILVLVLFELISLIF ATIKLEMOLCGFCNFFIISPSAYVYKRGMOLYKSYSEQVIPPTSDYLT —————-
- ——-MLPFVQERIGLFIVNFFIFTVVEAITLLVC TATRLEVQCMTGFNTLLVOPALYLYNTGRSVYVKFQD-SKPPLPP-DEWV-——-
— —MFMADAYIADTVWYVGQIIFIVAICLLVTI ATFKLCEIOLCGMCNTLVLSPS I¥VFNRGROFYEFYND-VKPPVLDVDDV=—=—-
MTFPRALTV-ID VINIIFWFLLIIILILLSIALLNIIKLEMVECNLGRTVIIVRPAQHAYDAYKNFM-————— KAYNP-DGALLA-A
MTFPRAFTI-ID VVSVFFWLLLIIILILFSIALLNVIK CNLGKTIIVL QTKAYNP-DEAFLV--
- ———MFPRL-IDDNGLILNAILWLFVMIFFLVLSITFIKLVQ HYFFSRTLYQPVYKV¥LAY¥ODYM-—-——— REAPVPA-DIINV---
- ——-MFLKI-VEDDGLFINTVLWLLVLILVLLVAITVIKLIQ HRLMSNTIYIPVYNAYLVYKSYM-——-—- EVEPCPI-INV--—--
----- MLOQL-VN AILWLFVLFFVLVISITFVQLIN HRLCNNVVYK -—-——-REQPLTS-DIIQV---
----- MLOL-VNDNGLVVNVILWLFVLFFLLI ISITFVQLVN HRLCNSAVYT ——— S-TVIDV---

- ———MLFTL-INDNGFVLNAILWVFLLIFIILLCIAFIKLVQ HOLMTSAVYKPVHNAYAIYRDFM--—-—-—REIDPHPV-LDV————-
- ———MLLKL-IE IVNGIIWLLILIFVLLICITILKLIQECIACHQFANRTVYSPIYSAYQWYKDYM-————— P-IYHV-——-
----- MLTL-VDDHELVINAILWLLFCVSVIIICCALIQLVQ e ———]
MRFPNVLTV-IDDNGIVINSIFWLLLIIVIILFSIALLNVVKLEMVECRLSNVVIIAPARQAYNAYKDFM-—-—-— D-SVCIVV--
-MLPSFLRV-FNDEGLVLSVLFWFLFIIVLLLFSIAMLKTIQLVGVECSLTNKVIVLPVKGVYHLYQDYY-~--—-KIEPLPM-FEV--—--
--------------- MVLSTLLWLIVILFLLLISITLIKLIQ ———— ———]

———-MMFTL-VN IVSAILWLVVLLFVLLIAVTVIKLIQLCFTCHKLMSNTIYVPVYSAYVMYKNFM--—----QIDPCPV-IDV-———-
----- MLOQL-VD LLVNGILWLILLFFVLIVSITFIQLIN —————— —
MKFPTLLTV-ID SIFWLLLIIVIILFSIALLNIIRLCOTCCRLTNVVVIMPARQAY¥NA¥YKDFM—-————- D-SVCFVV--
————— MLTL-ID LVVNILLWLIVCICVIIICSSIIQFVQ —_————— _————
———-MFLRL-ID IVLNSILWLLVMIFFFVLAMTFIKLIQLCFTCHYFFSRTLYQPVYKIFLANODYM-————— A-EVLNV--
———-MFLKL-VDDHALIVNVLLWCVVLIVITLLVCITI TKLIKLCFTCHMFCNRTVYGRPTKNV¥HI¥OSYM—————— K—-RVIDF——+

----"54642366646 4778476877479768°6°6567886577767334973+72599254552600303-0025443-0-======

————— 1012-114137799578+77787478977577966969845*5385536963*7327915*76

-===-05126-37426697847776667676797688793576896485365534963524791347555-===== 0022552—00T —————
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Membrane (M) Protein

SARS-
SARS-

HKU1
0c43

MERS-

229E
NL63

SARS-
SARS-

HKUI
0oc43

MERS-

229E
NL63

SARS-
SARS-

HKUI
0C43

MERS-

229E
NL63

10 20 30 40 20 60 70 80 20
CoV-2 l-——- MADSNGTITVEELKKLEEQWNLVIGFLFLTWICLEOFAYANRNRFL LIF LWPVTLACFVLAAV--YRINWITGGIAIAM
Cov 1 —meeee MADNGTITVEELKQLEEQWNLVIGFLFLAWIMLEQFAYSNRNRFLY I IKLVFEWELWBVTLACFVLAAV--YRINWVTGGIAIAM
1 ----MNKSFLPQFTSDQAVTFEKEWNFSLGVILLF ITI ILOFGYTSRSMF I1 LTITHTIENCF--YALNNAFLAFSIVF
1 MSSKTTPAPVYIWTADEAIKFEKEWNFSLGIILLFITITROFGYTSRSMF IT LTIILTIENCV--YALNNVYLGLSIVF
CoVv l - MSNMTQLTEAQITAIIKDWNFAWSLIFLLITI YGYPSRSMT F LWPSSMALSIFSAV--YPIDLASQIISGIV
l - MSND—NCTGDIVTHIKN FGWNVILTIFIVIEOFGHYKYSRLF L LWPLVLALSIFDTWANWDSNWAFVAFSFLM
l - MSNSSVPLLEVYVHERNWNESWNLILTLFIV YGHYKYSRLL S CLWPLVLALSIFDCFVNFNVDWVFFGFSILM
120 130 140 150 160 170 180
CoV-2 F ILLNVPLHGTILTRPLLESELVIGAVIL RIAGHHLGRC-DIKDEPKETI TSR
CoV F ILLNVPLRGTIVTRPLMESELVIGAVII R HSLGRC-DIKDLEPKET TSR
I NLMCIDMKGKMFVRPVIEDYHTLTATVI VKLGTGYTLSD Y KVQ
I NLMCIDMKGTMYVRPITEDYHTLTVTII IKLGTGYSLAD Y KVT
Cov I CLLNVPFGETTVVRBLVEDSTSVIAVVTN MHFGAC-DYDREBNEVIVAKPN
F ATTVTTVLEQTYYOBIQQAPTGITVILLS HREASGVQVHNEPEYMEVAVPS
F AITSLOVYGHNYYLRBVMAAPTGVILTLLS HKIATRVQVGQ TPS
190 200 210 220 230
CoV-2 175 TLSYYKLG-ASQRVAGDSGF SRYRIGNYKLNTDHSSSSDNIALEVQ--
CoV 174 TLSYYKLG-ASQRVGTDSGF NRYRIGNYKLNTDHAGSNDNIALEVQ--
177 VLCTYKRA-FLDKLDVNSGFAVFVKSKVENYRLPSS-KPSGMDTALERA - -
181 HLCTYKRG-FLDRISDTSGF VKSKVENYRLPSTQOKGSGMDTALERNNI
CoV 174 VLIALKMV-KRQOSYGTNS I¥NHRYKAGNYRSPPITA--DIELALERA--

175 TTIT¥YSRVGRSVNSONSTEGWVFMVRVKHEDF SAVSSPMSNMTENERELHFF
176 TTIVCDRVGRSVNETSQT WIF VRAKHGDFSGVASQEGVLSEREKELHLT



}0 %0 ?0 %0 ?0 ?0 ?0 00 110 120

1 1 1 1 1 1 1 1
MHV |mm e e MSSTTQAPEPVYQWTADEAVQFLKE SLGIIL IT LTIVLCIENC L---NNVYLGFSI

HRKUI4 |--————— e MSSTTTPAPVYIWTADEAIKFLKE SLGIIL IT LTITLTIENC L---NNVYLGFST

GCCDCI | mmm e e e e~ MSGGNGTIPRSEVMAALRDWNFAISVVL AT, SIAAA LYPI---NDVAFGFAI
Hedgehog—CoV |-—————— m oo MSNDTLSQEEVIAVIKDWNEAWSIVF A CSIALAVESAVYPI---NLVSQIISG
Bat—-BCOV |-m e oo e e - MSGDSNNTITQEELFKVVREWNEALGIMLFIFITL LTFACFVLAAIY¥HV---NVVFMGFAT
RAt=COV |- m e e e e MSSTTSAPQTVYQWTADVAVRFLKEWNELLGIIL II LTIVLCIENCVYAL---NNVYLGFSI
HRU24 | e e e e e e MSGQATTPEPIYSWTADEAIRFLKEWNESLGIIL LTIILVIENCVYAL---NNVYLGFSI
SARS—COV |- m e e e MADNGTITVEELKQLLEQWNLVIGFLF TLACFVLAAVYRI---NWVTGGIAI
HRU9 e mm e m e MSNNCTNTVPRPEVIAALKDWNEAVSVIL LSIAAA IHPI---NSVAFGFAT

HRUS | mm o m o m e~ MASSNVTLSNDEVLRLVKDWNETWSVVF, ASMALSIFCAV¥PI---DLASQIISG

HEU4 |~ === m e e e e e e e e e e e e e MSSNGSLTKDEVVNIIKDWNESWSIIF
Bovine=CoV fmmmm o e el MSSVTTPAPVYTWTADEAIKFLKEWNESLGIIL
COVidm19 |mmmmmm e e e e e e e MADSNGTITVEELKKLLEQWNLVIGFLF,
HEUI | = e m e e e e e e e e e e e e MNKSFLPQFTSDQAVTFLKEWNESLGVIL
MERS=COV |- === = e e e e e e e e e e e e e e e ee MSNMTQLTEAQIIAI IKDWNEAWSLIF
0C43 oo e e mmm e mm e m o mm oo oo MSSKTTPAPVYIWTADEAIKFLKEWNESLGIIL

TGE [FMKILLILACVI--———- ACACGERYCAMKSDTDLS-CRNSTA-SDCESCFNGGDLI

FCOV MKYILLILACII-————— ACVYGERYCAMQ-DSGLQ-CINGTN-SRCQTCFERGDLI

ASMALSIFSAI¥PI---SLSSQIISG
LTIILTIFENCVYAL---NNVYLGFSI
TLACFVLAAVYRI---NWITGGIAI
LTITLTIFNCFYAL---NNAFLAFSI
SSMALSIFSAVYPI---DLASQIISG
LTIILTIENCVYAL-—-NNVYLGLSI
Vi NAYSEYQVSRYV

NAYSEYQVSRYV

1 o g o o N o B = B B

NL63-related |-————— oo oo MSTTMSNESIPLTEVYE DCWANEGK-DWVF
HEKUZ2 | mm e e e e e e e MSSNSTESVPVTEVLE NAYADFGV-NWWF'
BECOV512 | mm e e e e e MSSNQSVPVEEVIK DAWASFNV-NWVF
POrCin@=EDV |- —m oo MSNGSIPVDEVIE DAWASFQV-NWVF

BtNv-AlphaCoV|-————— oo MSSSNQTIPVTEVVE
BtMr-AlphaCoV |m—————— e MSDNSTVPVADVIE

NAWAEFNV-NWV.
TNAWADFNV-NWAY

Bat-CoV-1A |[-MINFIVLCCAFIGVI--YADNGD-—————=—=—=—— NTTAVTPTLPPQQIPLKEVME DAWSTEGQ-KWV
Mink-CoV |-MEVLLVAATAVLSVIPT-SHATNLYCLMNTTSVANNTCONTN-GICDTCINEGNLI NAYSEYTNSRYV.
BtRE-AIPRACOV |- mm o e e e e MSNNSTVPVEVVVE DSWASFGV-NWVF
HRUIL0 [ m e e e e e e MSNGDNSTIPTDVVIQ DSWSSFGN-NWT

CDPHE15 |- mm e m e e e e e MANGSVSEEEIIH DAYASFNV-NWVF

Ferret-CoV MIEIVLLVCSAIAAMVPTTAASGNRYCLVNNTEGATQNCS-————— INDCIDEGSLI
LuchengRN-CoV |-——————mm oo MVLFCEFNTSSADG-CSACVAQGCTGAGVTSASIT
HKU8 |-MIF--—-— LILLGIICACSANGD-—————m———m e NTTT-APPTVPQSIPVEQVVE
NL63 |rmm e e e e e e e MSNSSVPLLEVY
229F | e o e oo MSN-DNCTGDIVT

NAYAEFKSSRYV.
DAIETFKQERYV
DAWASFGV-NWTF
DCFVNENV-DWVF

3lHIHIEIEIEIEIEHE'EIEIEIEI” Q) Q)

QnunnnnhQhnwnoppyJNnnnnn

> Q)

Beta-CoV cons

-------------------------------------------- 042615662347446977 588674

5 7

797829---725547887

Alpha-CoV cons

~
~
U

--------------------------------------------- 0230453223962 3 547627717 787735933-5+587

Combined cons

-------------------------------------------- 044635662437423937°986777

77776 54557349+77+967 76977598576527-=-657545

TN T TR B F e
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Alignment qual




130

1
MHV VETIVSIVIWI
HKU14 VEFTIVAII
GCCDC1 TFACISSI
Hedgehog-CoV LLAAVSVF
Bat-BCoV TFAIIVGC
Rat-CoV VFTIVSI
HKU24 VFAIVSII
SARS-CoV AMACIVGL
HKU9 AFACISGI
HKU5 ILAATSCA
HKU4 ILAAICA
Bovine-CoV VETIVAIIL
Covid-19 AMACLVGL
HKU1 VETIISIVI
MERS-CoV IVAAVSA
0C43 VETIVAII
TGE AGAI
FCoV AGA
NL63-related LMTII
HKU2 LMLVI
BtCoV512 LMAC
Porcine-EDV LMACI
BtNv-AlphaCoV IMAC
BtMr-AlphaCoV FML
Bat-CoV-1A VMACT
Mink-CoV AGSVL
BtRf-AlphaCoV LMSCI
HKU10 LMACI
CDPHE15 LMAC
Ferret-CoV SGAM
LuchengRn-CoV ALG
HKU8 VMACT
NL63 LMSII
229E LMAVS

180 | }90 200 | %10 | %20 | %30 |
YHTLTATIIR TGFSLSDLPAY CTYKR-AFLDKVDG
YHTLTVTIIR TGYSLSDLPAY CTYKR-GFLDRIGDT
SPAVQFLILR OC-RPGEMPDT AASLHWYKK-ALTRAIGKE
STSVTAVVTN OC-DYSR PNVLIALKM-VKRQDYGVN
TAVIVATVAR RA-DLES TSRTLSYFRM-SRKVNIGVG
YHTLTATNVR TGFSLSD VSHLCTYKR-AFLDKVDG
YHTLTVTIIR TGYTLSD VTHICTYKR-AFLDKIGDI
SELVIGAVIIR RC-DIKD TSRTEHSYYKL-GASQRVGTD
SPAVQFLIIR RC-DPGD RPNALHWYKR-ALTRNMYTR
STSVTAVVTD AC-DFOR IALKM-IKRQAYGTN
STSVTAVVND RC-DYDR IALRKM-VKRQSYGTN
YHTLTVTIIR TGYSLSD LTYRKR-GFLDKIGDT
SELVIGAVILR RC-DIKD SYYKL-GASQRVAGD
YHTLTATVIR TGYTLSD CTYKR-AFLDKLDVN
STSVTAVVTN AC-DYDR IALKM-VKRQSYGTN
YHTLTVTIIR TGYSLAD CTYRR-GFLDRISDT

Vi TLVGKKLKASSA
TLVGKQLKATTA

< Z zZln oo o < i m
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|
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Beta-CoV cons

-

67877656 5 6 3774°3 4727676 6474169567656+27384+44849-44359+23 6542+267+5-523336322"+776929697 376

Alpha-CoV cons '_IHI. I I. ‘.' I'I II IIII

4758567 73 579666766+ 526466255 7 4+769+447+5485622++39879+5734 725 4863486 5 653 5816
Combined cons

66577667 5%+74+87+73+83 5+967372+53645+%75332269667975*3+464+437+44-44349+35879+7543725745-6233423438+655949592+874336
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380 370

MHV NK-PSGADTALLRT -

HKU14 TQKGTGMDTALLRNNI

GCCDC1 AREDGDTIAM-FIA-
Hedgehog-CoV VVVDEEL-AL-HRA-
Bat-BCoV ARASEDQEDLLVVS-—-
Rat-CoV NK-PSGADTALLRTI -

HKU24 SQKGNGMDTALLRNNV
SARS-CoV DHAGSNDNIALLVQ--

HKU9 TTEDGDRLAM-FVA--

HKU5 IIQDQEL-AL-

HKU4 IIQDEEL-AL-
Bovine-CoV TQKGSGLDTAL
Covid-19 DHSSSSDNIAL

HKU1 SK-PSGMDTAL

MERS-CoV ITADIEL-AL-

0C43 TOKGSGMDTAL

TGE -RTDNLSEQEKL

FCoV -RTDNLSEHEKL
NL63-related SQENVLSEREKL
HKUZ2 NSSDNLTENDRL

BtCoV512 NPTEVVTDS
Porcine-EDV NPSAVLTDS
BtNv-AlphaCoV TDNETMTER
BtMr-AlphaCoV TGTGQOMTES
Bat-CoV-1A TMADSFSEN
Mink-CoV -RNDNLSEH
BtRf-AlphaCoV SHSDSMTED
HKU10 SSADSLTED

CDPHE15 HSNDKVPDS
Ferret-CoV -RHDNLSEH
LuchengRn-CoV -SGGSLSDQ
HKU8 NPSDSYTDTDRL

Beta-CoV cons I I I h

3304342-37-745--

Alpha-CoV cons

-1243669394

Combined cons

01033331130743--

ariomment 02! pelll lelin. Mo




Nucleocapsid (N) protein

SARS-CoV-2
SARS-CoV
HKU1

oc43
MERS-CoV
229E

NL63

SARS-CoV-2
SARS-CoV
HKU1

oc43
MERS-CoV
229E

NL63

SARS-CoV-2
SARS-CoV
HKU1

oc43
MERS-CoV
229E

NL63

SARS-CoV-2
SARS-CoV
HKU1

oc43
MERS-CoV
229E

NL63

SARS-CoV-2
SARS-CoV
HKU1

oc43
MERS-CoV
229E

NL63

SARS-CoV-2
SARS-CoV
HKU1

oc43
MERS-CoV
229E

NL63

10 20 30 40 50
1 MSD-NGPQ-NQ-——————— RNAPRITFGGPSDSTGSNQNGERSGARSK-——————— o)
1 MSD-NGPQSNQ-—-————— RSAPRITFGGPTDSTDNNONGGRNGARPK-————-—— 0
1 MSYTPGHYAGSRSSSGNRSGILKKTSWADQSERNYQTF----NRGRKTQPKFTVST-
1 MSFTPGKQSSSRASSGNRSGNG- I LKWADQSDQFRNVQ--—--TRGRRAQPKQTATSQ
1——m—— MASP———————— AAPRAVSFADNNDITNTN----LSRGRGR--—————- N
1 s MATVKWADASEPQ-———————— RGRQ--—————————
1 e MASVNWADDRAA-———————————| | (O

110
73 PINTNSSPDDQIGY¥YRRATRR-TIRGGD! EAGLPYGANKD!

74 PINTNSGPDDQIGYYRRATRR-VRGGD EASLPYGANKE
86 PIAFGVPPSEA YRHSRRSFKTAD YANASYGESLE
87 PIAPGVPATEA YRHNRRSFKTAD HAKDQYGTDID|
64 PLNANSTPAQN RRODRK-INTGN EAALPFRAVKD!
45 PVNKKD-KNKLI NVOKR--FRTRK HKDAKFRERVE
43 PIGKGN-KDEQI NVQER--WRMRR HKDLKFRQRSD
190 200 210 220 230

163 QGTTEPKGFYAEGSRGGSQAS NSTPGSSRG-TSPARMA

164 QGTTEPKGFYAEGSRGGSQAS NSTPGSSRG-N

177 PGTIBBOGYYVEGSGRSASN- GPNNRSLSRSN

178 PGTVEPOGYYIEGSGRSAPN- TSSRASSAGSRSRANSGNRTP-——-—
152 PGTKEPKNFHIEGTGGNSQSS SSSQGSRSG-NSTRGTS---PG
130 -NQKEPNGVTVAEEPDSR-—-—— APSRSQSRSQOSRSRVESKSQS-RNPSSDRNHNSQ
128 —-SIALPPELSVVEFEDRSNNSBRASSRSSTRNNSRDSSRSTSRQO-OBRTRSDSNQSS

280 290 300 310 320 3
241 QQGOT-VIK---——-——-—- KSAA-—--EAS GP

60 70 80 90
RRPQGLPNNT FTALTOHGK-EDLKFPRGOG
RRPQGLPNNT FTALTOHGK-EELRFPRGOG
-QPOGNTIPHYSWFSGITQFQKGRDFKFSDGOG
OPSGGNVVPYYSWFSGITQFOKGKEFEFVEGQG
PKPRAAPNNTVSWYTGETQHGK-VPLTEPPGOG
—————— GRIPYSLYSPLLVDS-EQPWKVIPRNL
—————— KFPPPSFYMPLLVSSDKAPYRVIPRNL

160 170 180
LNTPKDHIGTRNPANNAAIVLQOLP
LNTPKDHIGTRNPNNNAATVLQLP
DTSTPSDVSSRDPTTQEAIPTREP
DVNTPADIVDRDPSSDEAIPTREP
TDAPS-TFGTRNPNNDSAIVTQFA
KTEPT-GYGVRRKNSEPEIPH-F-
KTVNT-SLGNRKRNQKPLEPK-F -

240 250 260 270

GNGGDAALALLLLDRLNQLESK-MSGKG--0-0Q
SGGGETALALLLLDRLNQLESK-VSGKG--0-0
DSIVKPDMADEIANL-VLAKLGKD-S
———————— TSGVTPDMADQIASL-VLAKLGKD-A
PSGIGAVGGDELYEDLLNRLOAL-ESGKV--K-Q
DDIMKAVAAALKSLGFDKPQEKDKKSAKTGTPKP
SDLVAAVTLALKNLGFDNQSKSPSSS—---GTSTP

30 340 350 360

242 QQGOT-VTR-—-———————-— KSAA----EAS GP
248 -KPQO-VITK--————————— ONAKETIRHKILT, GP
249 TKPQO-VIK-—————————— HTAKEVRQKILN GP

233 SQPKV-ITK-—————————— GP
214 SRNQSPASSQSAAKILARSQSSETKEQKHEMQ DL
214 KKPNKPL—————mm e e SOPRADKPSOQL PTRE--E DF
370 380 390 400 410 42
314 FEGMBRIGMEVTP——————————— SGTWETETGATKLDDKDPNFKDQVILENKHID
315 FFGMSRIGMEVTP——————————— SGTWRTYHGAIKLDDKDPQFKDNVILLNKHID
321 FFFGSKLDLVKRD---SEADSPVKDVFENH¥SGSIRFDSTLRGFET IMKVLEENLN
323 FEFGSRLELAKVONLSGNPDEPQKDVYELR¥YNGAIRFDSTLSGFETIMKVLNENLN
306 EMGMSQFKLTHQN-———— NDDHGNPVYFER¥SGAIKLDPKNPNYNKWLELLEQNID
302 MLFDSHIVSKESG-—————————— NTVVETFTTRVTVPKDHPHLGKFLEE—-—--LN
287 LEFDSEVSTDEVG-—————————~— DNVQITETYKMLVAKDNKNLPKFIEQ--—-IS
460 470 480 490 500
387 ————- KKQQT-————— VTLLBAABLDDFSKQLQOQSMSSADSTQA-——
388 ————- KKQPT-————— VTLLE DDFSRQLONSMSGASADSTQA-
400 LPEQFDSLNLSA----GTQHISNBFTPEDHSLLATLDDPYVEDSVA-

402 GOGENDNISVAVPKSRVQONKSRELTAEDISLLKKMDEPYTEDTSEI

392 ITQRTRTRPS-————— VOPGPMIBVNTD-———— oo
363 ————P--SQTSP----ATVEPVRBEVSIETDIIDEVN-—————————
348 ————NTVLNASI----PESKRLABDDSAIIEIVNEVLH-————————

EQTOGNEEGDOELIRQEBTDYKHWPQIBQFABSAS
EQTOGNEGDODLIRQGTDYKHWPQIAOFABSAS
SO---NFGNAEMLKLETNDPOFBILAELAPTPG
NQ---NEGGGEMLKLETSDPQFPILAELAPTAG
GDLQGNEGDLOLNKLETEDPRWPQIAELABTAS
DH---NEGSAGVVANGVKAKGYPQFAELVEST

NH---NMEDSDLVONEVDAKGFEQLAEL IBNQ
0 430 440 450
YKTFPPTEPKKDKKKKAD--ETQALPQRQ————-

YKTFPPTEPKKDKKKKTD--EAQPLPORQ—-——~~

YVNSNQ-———————— NTDSDSLSSKPORKRGVKQ
¥0QODG-——————————— MMNMSPKPQRQORGHKN
YKTFPKKEKKQKAPKEESTDOMSEPPKEQRVQGS
FTREMQQQPLLNP-——-SALEFN-——————————
FTKPSSIKEMQSQ----SSHVAQ-——————————



10, 0, 3 50 o, 0, % 20
MHV MSFVPGQENAGGRSSSVNRAGNGILKKTTW ERG;INQNRGR-RNQPKQTATT-QPNSGSVVPHY SGI

HKU14 MSFTPGKQP-SSRASSGNRAGNGILK---W-----ADQS—-—————————— EQSRNIQTRGR-RAQPKOTVTSQQPTGGNVVPYY SGI

GCCDC1 MSGR-------NT-PKGRQ----TP-KVSFKQESDSDSE--ADRHTTRNGARPKT--NNGP--ATIKPEK-———— PRAAPMON APL
Hedgehog-CoV MAT-----————————-PQ----QPRAVTF-————-ADNN-—-————————— ——--GNN-RGRPRQPK--—-- PRPAPNVS YTGI
Bat-BCoV MAA-----—————————-E-—-—-GO-RVTFLTQGSNOQNN- - - === ———— —--ODGR-GARPKTRK-—-—--— PRPAPQNN TPL
Rat-CoV MSFVPGQENAGSRSSSGNRAGNGILKKTTW————— NGNRGR-RNQPKQTATT-QPNTGSVVPHY SGI
HKU24 NSRGR-RAQPKQTANT-QASGGNVVPFY SGI
SARS-CoV MSDN-------GPQSNQRS----AP-RITF--GGPTDST---===————— --GGRN-GARPKQRR—-——-— POGLPNNTA TAL
HKU9 --NNSR-GSAPKPEK—-—-—-- PKAAPPON APL

HKU5 MAT------—-——————-PA-——-PPRAVVF-—-——--ANDN-—————————— —---SOR-SGR-PRTK--—-- PRPAPNTT TGL

HRKU4 MAT---———————————PA~———-APRTISF--———ADNN--————————— ———000-RGRGRNPK----— PRPAPNNTVSWYTGL
Bovine-CoV MSFTPGKQS-SSRASSGNRSGNGILK-—-W-——-—-ADQS——————————— OTRGR-RAQPKQTATSQQPSGGNVVPYYSWESGI
Covid-19 MSDN-—————- --GERS-GARSKQRR-———— PQGLPNNTASWETAL
HKUI1 MSYTPGHYA-GSRSSSGNR--SGILKKTSW-———— ERNYQTFNRGR-KTQPKFTVSTQ--PQGNTIPHYSWESGI
MERS-COV MAS————————cee— DITNT---NLS-RGRGRNPK--——— PRAAPNNTVSWYTGL

oc43 DOFRNVOTRGR-RAOPKQOTATSOOPSGGNVVPYY
TGE MAN-——————— e T—-K-—-TRGRSNSRGRKN-~-————————
FCoV S—-K---R SNSRGRKN-—————————
NL63-related K== R KYP
HRKU2 |om—mmmmmmmm e EQAE---SRG--—————- Ro——mmo— - KRI
BtCoV512 |-
Porcine-EDV |[————————————————
BtNv-AlphaCoV
BtMr-AlphaCoV|-—————————— e~
Bat-CoV-1A}----------------—-—————-MASVQF —————

Mink-CoV MAG-——————— - SPSQ---NRGRSRSRSRKN
LuchengRn-CoV |——————————————————__MSSNMSW--———ADQV-—————————— ETVN---RRORSRSRGRSQ-——-———
BtRf-AlphaCoV|-----———--————————————-MASVSF-————-

HKU10 MAS-—————————————————— _GGNNVSF--——-
CDPHE15 |-——— e LIINSDQPIWKVL
Ferret-CoVMAG------——-——————————-NGQRVNW-----GDEP----—-——-—--VPSQ---KRGRSRSRSRRN-—————————
HKU8 |———————— e _MASVISF—————
NL63 |——mmmmmmmm e LLVSSDKAPYRVI
229E |pmmm e e e e e

LTVSSDKKFWNVL
LRVADDKLFLKS
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Alpha-CoV cons

————— 42————————————————0———0463———————?——————————32554 795794234340545577376*+47455-3367 5362--

Beta-CoV cons

| |
7 ——— (S —" p— 7665——————————— 42028---334-07404333-———— 647565535 <977+8+56+=2383+21 7473463433 < +4 33

Combined cons

—————————— 2353377967943243-1273752476

P N | (N YRS e

57173-33543 3331--

Alignment qual




130 }60 1 }80 }90 %00 220 %30 %50
1 1 1 1 1 1 1 1
MHV SFKTPD HAGASYGDSI-—--—-———— ANSQADTNTR--SDIVE SSHEAIPTRFAP OGEY SG-RSAP-A GP---NNR-
HKU14 SFKTAD HAKDQYGTDI ASNOQADVNTP--ADILD SSDEAIPTRFPP OGYYIEGSG-RSAP-N ASSA-GSR-

GCCDC1 NFTKG- RYADLRFGTRQ GRNGANVNKV--GNMGT! NNDSAIPVQLPE KGFYAEGTR-SRNSSR NTSAS--N-
Hedgehog-CoV KLNTGN EANLPFRTVK EEGASEAPS---DFGT ANDA TQFAP KNCHIEGTG-GNSQSS SNSRG-SQ-
Bat-BCoV TVT-KN EQNLKYLQOK AAHGALNVPV--KTVGT ANDQ AAFAP KGFY SR-STSSAS NSSLS--R-
Rat-CoV SFKTPD HAGASFGDSI--==———-— ANSQADTNTS--ADIVE SSHEAIPTRFAP OGEY SG-RSAP-A GP---NNR-
HKU24 SYRTAD YANKQYGSDI ASPNVDVRSP--ADVPD TSHQAEPTRFAP: KGYY SG-RSAP-S ASSVGGSR-
SARS-CoV RVRGGD EASLPYGANK--————-- ATEGALNTPK--DHIGT NNNAATVLOLPQ KGFYAEGSR-GGSQAS NSTPG----
HKU9 SFQKG- RFGDLRFGTKN—-——————- GOEGANINRL--GDMGT SNDGAIPVQLAG! KGFYAEGRG-SRGNSR ASSRG--N-

HKU5 KINTGN A NLPFRSVK-——————- HENGATDAPS---VFGT ANDP TQFAP KNFHIEGTG-GNSQSS SSSRN-GR-

HKU4 KINTGN NLPFRSVK—-==—==——— YEEGATDAPS---VFGT ANDA CQFAP KNFHIEGTG-GNSQSS SSSRG-GR-
Bovine-CoV SFKTAD KDQYGTDI ASNOADVNTP--ADILDRDPSSDEAIPTRFPP OGYYIEGSG-RSAP-N ASSA-GSR-
Covid-19 RIRGGD GLPYGANK ATEGALNTPK--DHIGT ANNA KGEFYAEGSR-GGSQAS NSTPG-—--
HKU1 SFKTAD NASYGESL ANHQADTSTP--SDVSSRDPTTQEATIPTRFPP OGYY SG-RSAS-N GPNN-RSL-
MERS-CoV KINTGN ALPFRAVK TDAPS---TFGT NNDS TQFAP KNFHIEGTG-GNSQSS SSSQG-SR-
0C43 SFKTAD KDOYGTDI DVNTP--ADIVDRDPSSDEATIPTRFPP OGYYT G-RSAP-NSRST-—-SRTSSR————— A-GSR-—

TGE VK ADAKFKDKL———————— GANNES-KALK GEFQLEVNQ-SRDNSRSRSQSRSRSRNR-——-— RGRQQ-
FCoV IVK ADAKFKDKI GTNNES-KPLR PQFQLEVNR-SRNNSRSGSQSRSVSRNR-———— RGRHH-
NL63-related RK RADLKFRERA KRNQKP-IQPE NELEVVEFE-DRSNSSSRAS NSRQO-
HKU2 OK ADAPFRKRI———————~— NRNKEP-ATPQ ADVTVVEAT-SRSASRSQSRSRNQSQ---SRSGA-———————
BtCoV512 RR SDLPFRKRT-——————— KSSEKP-LVPK NNVEIVEPT-TPNNSRANSR
Porcine-EDV RR GDLRYRTRT--—————— KASEKP-IIPK SVVEIVEPN-TPPASRANSRSRSRGNGN-NRSRSP
BtNv-AlphaCoV VK ADLKFRQRQ-——————~— GRNAEL-TTPI DSIEIVDQY-SRPNSRASS QSNDQGNRSRSQ
BtMr-AlphaCoV OR ADAKFRERI ———————— SKARSV-ITPK SDIEIVDKS-SAPNSRGNSRSQSRGPGNGANSRNN
Bat-CoV-1A NK ADLKFRERQ NRNQQOL-RIPE DSLEVVNSD-SRPASRSDSRSQSKSN---NQSRSN

< <HH KA KO KEIHEEDSAESIK
EIE‘E‘EIEIEIEI: HHHHJI I 250

Mink-CoV OKi ONAKFQERI GSNQES-LDLQ SEFKLEQNV-N—-———— SRSN RSRGR———--
LuchengRn-CoV VYQVRR ANAAYGTAM———————— EGLRVNVPNASRPQSRAQSQTRSONTSR————~—
BtRf-AlphaCoV RYRMVR AESKFRTRT-——————— AATETQENT-VSR————— Q0SS---NRDRSQ

HKU10 VK OEDARYRORI-=—=—=——-— SNVMIVEET-SRPPSRSQOSNSRPQOSR---NNSRPQ
CDPHE15 RKi SEEQYRKRT KEVEFVEPT-SPGSSRANSRSOSRGGSK-SRNNSPRRGNQS -
Ferret-CoV SNAKFKDRI NDFKLEQNV-G————— SRNNSRSRSRGR—-———— SKSNNRSN-
HKU8 ADAKFREKI ———————— KNIEIVTAP-SQPNSRSNSRSQSSGG---SKSRANSQSRDN-
NL63 KDLKFRORS——————-- PELSVVEFE-DRSNNSSRASSRSSTRNN-SRDSSRSTSRQOQ-
229E KDAKFRERV———————— NGVTVAEEPDSRAPSRSOSRSOSRSRVE —————

Alpha-CoV cons

498749+5945444367 5 6373394545 4437845287-==5776"344324-21528033--9"237373410-4000212076786373 101011---

Beta-CoV cons

566132+-44273 54632393424 -——————- 5596++°4316834332---2745 7843+4764873+30++77787**54-4476-4"461--3776" " =—=== 7620---0-

Combined cons

566421+1445524667 7 55433394324 --——=—-- 5596+ +°4236834272---1753"337442-33468434--

ST P ] EEEE IR TN R W TN T

246474321-3010-08680--367411-===- 70201--1-




260 270 280 290 300 310
1 1 1 1 1 1 1 1 1 1

1 1 1
MHV = A= m e e e e e e e e e e RSSSNQRQPASTVKPDMA-EEIAALVLAKLG-----—--K--DAG---———————————-QPKQ——————VTK--—————
HKUI4 —S———— e RANSGTRTPTSGVTPDMA-DQIASLVLAKLG--——————K--DAT-—————————————_KPQQ-————-VTK--—————
GCCDC1 —S——————mm e e RAN
Hedgehog-CoOV -P———————————— GSR
Bat=BCoOV ===l SSPGRGLPPA----TDPN-GVL
RAt=COV =Am e e e e e e RSSSNORQPASTVKPDMA-EET

HRU24 === m o e RNNSASRNNTSEVTPDMA-DQIAS
SARS=COV == = e e e e RGNS
HKU9 =8 m o m o e e e RASSRGASPGRPAA-NPSTEPWMAYLVQOKLERLESQVSGTKPATK
HRKU5 === ———m e e NNSSRNASPAPHGVGDVVGAGTLSVLEDLOKRLADLEAGRG-N-K-————————— oo QPKV

HRU4 =8 === —mm e e TSNSRGTSPVSHGVGSAESLAALPELLDLOKRLADLESGKS-—~K-———————————— QPKV

T RNIORNORAZROIORNAOOO| o

BOVIine-CoV —§———— oo RANSGNRTPTSGVTPDMA-DQIASLVEAKEG-———-———K—-DAA-——————— e
COVIA=19 = mm e e e RGTSPARMAGNGGD-AALAL ! DR
HRUI =8 == —mm e e e RSNSNFRHSDSIVKPDMA-DEIANLVEAKLG————-———K—-DS———————m oo
MERS=COV —§——— = —m e o GNSTRGTSPGPSGIGAVGGD---1, a DL
folol/ K I - I ————— RANSGNRTPTSGVTPDMA-DQOIASLVEAKLEG-—=—=———K——DAT—————————————__

TGE === == e FN-NKKDDSVEQAVLA DTE-KQQQORSRSKSKERSNS

SN-NQ-NNNVEDTIVA TD----KQRSRSKPRERSDS
NL63-related -SRDNS-————————————— e —— RSPSRSRSNS-TSESS-QNSAQDLVAAVTA FEPPKSDK

HRKU2 ———————————————— (O e L PRVQQ-SSQAVDIVAAVKO

BtCoV512 —SRGNSQNR-——————————————————— GDKSRNQSRNRSQS-NDRG--SDSRDDLVAAVKKALEDLGVGAAKPKGK--=-=——————- TQSGKNTPKNKSR-=====————m————— SGSVQRAEAK

Porcine-EDV QSRGNSONRGNN--QGRGASQNRGGNNNNNNKSRNQSNNRNQS-NDRGG-VTSRDDLVAAVKD IGENPDRHKQQQO-KPKQEKSDNSGKNTPKKNKS - === === - RATSKERDLK

BtNv-AlphaCoV -SNNRSQSRGRQNONQNNQPTGDGGSNGQRNQPRNRSNSRNRSGNQGRN-GGSQQODLVAAVREALAGMGFKPNTSG-—-———-———=——————— SGRNTPVK-————- VPKGD----KPLNKPTKAPASQV

BtMr-AlphaCoV NSRDNSNNRGKSQS--RNSSRNRGQQRN——————— NNQ--QR-QGTGAA-GNGTADLAAATIVLALEKAGLTRETEKAPKKE - SANNNKKSESR—————————— o mmmm e ASSPAPAQSKKDQL
Bat-CoV-1A —-S—————————eu GTRT-PKNASQ-———————mmmmmm e NQKPK-KNQQEDLVAAVRE TIQQSRS—————————mmmm SSGKSTP-—-————— ARSK-—————— SPARP-SNKKQL
MinK=CoOV == m mm oo DN-QSSSQDIATAVAR FAPKETQKNKSRSKSRDRAKS - ——— == — = — - — oo SE-RPVPKNE
LuchengRN=COV ———mm oo S—--RAPSV-DRTKEDLKA ISKNSKQTQONQK-K—-—————— Q- KGSTPAATPHPNQD
BtRf-AlphaCoV ————- SONDQKQGNQ———————————————— NQKSRSNSQSR-KGNQNS-NDSAVDIVA TNESNK—-————————— KGKNSGTNTPKE-—————— QRS—————— KSPARSPTVQKKQL
HKU10 ————- SONNSRDNS———————mm e RAPSRPRSRANSTSST-TNDAVDIVA TPEKKNQEKQK-KS---KKSNSGSNTPKE-————— AAT—————— PKQKSSPSTPRKQL
CDPHE15 KS————————mmmee RNSSKNRGGD-—————————emee— NRS-RSSSG-TRDQDAIVA A LGTDSNSGASGK-ASK-——-ANSGTSTPKPKPA————————————— ATPKSPSTPKSQL
FErret—CoV ———m oo o NN-NSNSGBIATAVAAALAQMGFAPKDTQKNKSRSKSRDRSKS —— == ———————— - m e RE-RPTPNNE
HKU8 —S———————————— DQQKTPKGSTNNSG-——-——— SNSQERSQKSKKGKG-STDQDDLVNAVROALMGLEFQPQGNSGKNGG-KK-—-SAPSSGKSTPKD—————— SRSK——————— SPARPQSTKKQL
NL63 —SRTRS————————————— e Y S-NQSSSDLVAAVTL FDNQSK—-——————————SPSSSGTSTPKKPNKPLSQP————————————— RADKPSQL

PR L) e —— RN———————— PSSDRN-HNSODDIMKAVAA FDKPOEKDKKSA

Alpha-CoV cons

——————————————————————————————————————————————— 00-13033592379327 237 73200000————---—————0—T--————————--————————--————0000?03332
Beta-CoV cons I
—T ————————————————————————————————— 014700227400101000-300146694553 ————==—=— 4—=0-0-————— - Y e —— 5-=4 4454 ————
Combined cons
- . _—
———————————————————————————————————————————— 00000-410-3363556333730100000-2--0-0-—===——eeeeeee1100-===== === —————————-220343===-

Alignment qual I I - - I I I I -
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4|150 4|160 4|170 4|180 4|190

Rat-CoV N
HKU24 N
SARS-CoV K
HKU9 K

HKU5 Q

HKU4 N
Bovine-CoV N
Covid-19 K

GPEML KLELVKK--NSGGVDEPTKDVYE RFDSTLSGFETIMK E ONQAGG--VD
GGSML KLELAKVNNMSGAADEPQKDVYE RFDSTLPGFETIMKVMNE OHTEEG--AQ
DODLIRQ RIGMEVT——————————— KLDDKDPOFKDNVILENKHIDAYKTFPPTE--—
DREMIKL HLSTRDE-—==—==————— KLPKDDPNYEQWTKILAENLNAYKDFPPTE--—
DMQYNKL QFKVTHQSN—-——--- KLDPKNPNYNKWME ILDANIDAYKSFPKKE—--~
DMNYNKEF QOFKLTHQSN=—=—=-— KLDPKNPNYKKWLELEESNIDAYKTFPKKE--—
GGEMLKL RLELAKVONLSGNLDEPQKDVYE RFDSTLSGFETIMK ENLNAYOQODGT--MN
DOELIRQ RIGMEVT——————————— KLDDKDPNFKDQVILENKHIDAYKTFPPTE--—

MHV N GSEMLKL KLELVKK--NSGGADEPTKDVYE RFISTLPGFETIMK E OK-DGG--AD
HKU14 N GGEMLKL RLELAKVQNLSGNADEPQKDVYE RFDSTLSGFETIMKVLNE 0QODDG--—-
Geepcl D DLEMLKL HFDTREE-—————————— KLPKDNPNYATWMKLEKE KDFPQTP---
Hedgehog-CoV K DLKYCKE QLKLVHHSN--——— KLDPKNPNYSKWLEILEG KNFPKKE——-—
Bat-BCoV A TQEFNKL RFAVQRN-—————————— KMDESDPNFQVWMTELQQ KNFPQKE---—

L

L

=g = s Hghgigihg = H g

HKU1 T NAEMLKL KLDLVKRD---SEADSPVKDVFE RFDSTLPGFETIMKVLEENLN NSNQNTDSD
MERS-CoV N DLOLNKL QOFKLTHONN—-—--— DDHGNPVYF KLDPKNPNYNKWLELLEQ KTFPKKE---
0C43 N E GGEMLKI, RLELAKVONLSGNPDEPQKDVYE RFDSTLSGFETIMK O00ODGM—-MN

TGE NKHT =D GDQIEVTFTHKYHLP YARPSEVA---

FCoV NKHT A ———— GDQVKVTLTHTYYLP YKRPSEVA---
NL63-related NKPK —M—————————— GNKVQIIYTYKMLVD FTKPSVVK—-—--
HKUZ2 DKPE —A-m e ———— GDFVEVTYHYVMKVS YSKPSQIR---

Y P ADGVEITYTYRMLVP YKLGDPKP-——
~Lo————m ADSYEITYNYKMTVP FKTGNAKL-—-—
- GDNIQLTYIYKMEVP YADSTED--—-—
~Dm————— GDDIVIQYNYQMRVP YANGDNES---
S S GDTVEIKYHYKMSVP YLDPNSDQ---
S P GDDVIVTVNYSYKLP YTKPSQVA---
__________ FKKPATFQ-——
~Vmm e GSDVEITYIYKMKVP YSQPSQA----
- GDEVEIMYVYKMKVH YAQAPDAT---
| SDDIEITYTYKMTVP YKEAKPQR---—
__________ YTKPSDIA---
YLDPSREE-—-—

FTKPSSIK---

FTREMOQ————

BtCoV512 DKPE
Porcine-EDV DIPE
BtNv-AlphaCoV ERP
BtMr-AlphaCoV GRV
Bat-CoV-1A DKPE
Mink-CoV NKHS
LuchengRn-CoV GKP
BtRf-AlphaCoV ERPP
HKU10 ERPE

CDPHE15 ERPE
Ferret-CoV NKHS
HKU8 DKPE

NL63 KKPR

229E QKPR

g W g X dHd R ORRKMK/PDMPmRP PINEXNTYXNH d 0NN D H O N

Alpha-CoV cons

3521 47224--05823 2°3113--- 6336931+5323393758366°748856°58363619=0=-==--===== 3524394636361914430263289-=--2495"93332110---

Beta-CoV cons

3¥6*6*%665*3--5666579*5 45-—- 5247694+865469757 576837222-—————————- 35765%4+4+3 62447693357349335 430324----

Combined cons

392269967244--04+335972"5331--- 5536643+633339757+676"74 6548462522-0-=-=-=====—- 2426394624463762423362278-===2595"9354422~----
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1 ?20 1 ?30 1 ?40 1 ?50 1 ?60 1 ?70 1 ?80 1 ?90 1 ?00 1 ?10 1 ?20

MHV VVSPKPQRKGRRQAQEK—————- KDEVD-———————~ NVSVAKPKSSVQRNVSR--ELTPEDRSLLAQILDDGVVPDG—=—————— e m e e e - LEDDSNV-—-

HKUI14 M-SPKPQRQRGQ--R-——————— KGEND-———————— NISVAVPKSRVQONKSR--ELTAEDISLLKKMDEPYTED————————— e TSEI---

GCCDC1 ——————- ERETKKKKKD-————— VVVEDV————————mmm—————— TVVEDVRD--ENGLTDDDWLGADDTTIYADENDKPKSQRRRKKREAAVVETPDV—————————-

Hedgehog-CoV ——————- KKQKQSQIKQ-————-— EAEDPEWDSTDLFSQPLQDPDNQP--———— K---A---QRVPKGSITQRSRPPKP-——-T———— e ——— VGPMVDVEP-————

Bat-BCOV ——————— EKKSRKPKTK-——-——— NVDM-————————————— APQDVM-————— G---AAAVDLEWDSSIDQTGPNTIVVKPKKQ-—————————— RKPAADNNISEI-—-

Rat-CoV VVSPKPOQRKRGTKQTAQ--——-—- KEELD-——-—————— SISVAQPKSAVORNVSR--ELTPEDRSLLAQILDDGVVPDG-———————— e —— LDDSNV———-

HKU24 L-L-SPKFQRKQ--KKG—--——- QVEKD--——————~ NVSAATPKSRVQONVRR--ELTPQODLSILAQIDDDTQG-——————————mmm e e e e e e SSEI---

SARS-COV ——————— PKKDKKKKTD-————— EAQP————————— LPQRQK—————— K--—QPTVTLLPAADMDDFSRQLQ-————— No————o— SMSGASADSTQA-—-

HKU9 ——————- PKKDKKKKEE-————— TAQDTV-———- IFEDASTGTDQTVVKVWVKD--QDAQTDDEWLGGDE-TVYEDEDDRPKTQRRHKKRGSTASRVTIADPTNAGAERS

HRKU5 ——————— RKQKPSGDDA-————— ATAPA--—-TSQMEDVPELPPKQQ--———- R---K---KRVVQGSIPQORSAGVPS-——-FE——————————— DVVDAIFPDSEA---

HRKU4 ——————- RKPKTTEDGA-————-— VASSS—--—-ASQMEDVDAKPORK——————————— P---KSRVAGSITMRSGSLPA-——-LQ-—————————— DVTFDS—---EA——-

Bovine-CoV M-SPKPQRORGQ--KNG--———- QOGEND—-——————— NISVAAPKSRVQONKIR--ELTAEDISLLKKMDEPFTED——————— - m e TSEI---

Covid-19 ——————- PKKDKKKKAD—————- ETQA-—————— LPQRQK-————— K---QQTVTLLPAADLDDFSKQLQ-—-———~ Qe SMSSADSTQA————-

HKUI SLSSKPQRKRGVKQLPE-————- QFDSL————————— NLS-————-— AGTQHISN--DFTPEDHSLLATLDDPYVEDSV————————————m—m——————— ) W—

MERS-COV ——————— KKQKAPKEES-—————— T ——— DQMSE———-PP————————————— K---EQRVQGSITQRTRTRPS———-VQ-—————————— PGPMIDVNTD-———-

TGE -—--KEQRKRKSRSKSA-—————— ERS--EQDVV———o——————— =S DALIENYTDVFDD--TQVEI-———-——————————— IDEVTN-—————————-

FCoV -—--KDQRQRRSRSKSA-—-———— DKK--PEE-L—————————— Smemm e VTLVEAYTDVFDD--TQVEM——————————————— IDEVTN-—————————-

NL63-related ——---ETQSHPLQ———————— NTMPEPAQLNVAAAEFK-———- PPVm— e TTAS——————- DGSNAEIEI——————————————— VDEVLH-—————————-

HKU2 ——=—-RSQS————————————————— QODLNVDAPAFT-———— PAP————————————— PATPVSRNPDFPE--EEVEM-—————————————— VDEIIN-—————————-

BtCoV512 ————-QRKVKRS————————————— RTPTPK———————————— PATEPVYDDVAA--DPTYANLEWDTTVEDG-—-VEM——————————————— INEVFDTQN———————-

Porcine-EDV —--——-QRKKEKK-————————— N-KRETTLQ-——————————— QHEEAIYDDVGAPSDVTHANLEWDTAVDGGDTAVEI ——————————————— INEIFDTGN-——————-

BtNv-AlphaCoV —————— e _ VTLPPALPPKQQORLR-——-——— 1157 VR ——— STEVLADTTSVVDEEEVEEV--————————————— VDDVTGQDETFA-———-

BtMr-AlphaCoV ----ESGDQPGASAAAAAAPEPPALPPKLNPKADAFV-———- BPKI-————emmmme e e e NPNYFDG--MKVEI--————————————— MNKTISDDSTA-————-

Bat-CoV-1A ———-PIPK--—-KP————-— KAKSEEVPQLNPAAPVFT-———- PPA-———mm e QEPA—————- VELEM-—————— o —— VDEVFDIDPLGDSVA--

Mink-CoV ——-—-KEQRSRS——-KSR-————— ERAATPVPTP-————————— Ve SATAENYTDVFDE-—-NVEI-—————————————— IDELN-———————————-

LuchengRn-CoV ————QTQONFWENQA-——————————— STONNISEYFR-———- GTT-———————— PGAGGSAV-———————— EIETFEM-—————————————— TDETN-——————————-

BtRf-AlphaCoV ———————— e __ AEVPSQLNPTAVAFQ-———— PLA-———————————— EDEQ-———————————— I—— IDQVYGSFDA——————-

HRKU1Q ——=—TT———— o ———— EKATVQPLLNPTAPDFQ-———— 21 R —— SEEV————————————— IEM-————— - ——— INTVYDSFDA——————-

CDPHE15 ———-EPKKKKD-————————— RSSRPPTPAPSAPVAS————-— GNAEPIYADVQPQGQTEPV-YENPDQYL-—-GGVDI——————————————— VNEVYGNLPDNSQSTA-

Ferret-CoV —-—-KEQRSRS---KSR—————— ERPQTPLPSN-———— e e e SAETENYTGEFDE-—-SVBI-—————————————— IDELN-——————————-

HKU8 —---KPKEQRKSKE--———-— KKKEEAPAQLNPAAPVFT-———— PPV—mmm e VLPDAVAN——VEFDM——————————————— VDEVIDADHESFA———-

NL63 —-——-EMQSQSSH-——————- VAQ--NTVLNAST————————— PES————————————— KPLA-—————— DDDSATIHI-—————————————— VNEVLH-—————————-

4 ) —— OPLLNPSALEFN-————— PSOTS—————-—ooo o —— PAT--VEPVRDEVSIETDI——————————————— IDEVN———————————1
Alpha-CoV cons q I I

--—-0000---————————————— 000031000-——=————- 000-———————————- 0000-—-——-- 0----0398-———————————— 5750-—————————-

Beta-CoV cons

nnl. B -
——————— 27231--300------2000--———====—=—-—---000100--=-=-==0---0---512424343024120-—-——————————— e === ———
Combined cons
| I
——————— 0100---—=====—---00000---------—-———-000=-=========—-—--0100-00000000--00200=-===——— 110 =mm - ——

Alignment qual



