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Bad News Wrapped in Protein: Inside the Coronavirus Genome

By Jonathan Corum and Carl Zimmer
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auggagagccuugucccugguuucaacgagaaaacacacguccaacucaguuugecuguuuuacagguucgegacgugeucguacguggeuuuggagac
uccguggaggaggucuuaucagaggecacgucaacaucuuaaagauggecacuuguggeuuaguagaaguugaaaaaggeguuuugecucaacuugaacag
cccuauguguucaucaaacguucggaugeucgaacugeaccucauggucauguuaugguugageugguageagaacucgaaggeauucaguacggucgu
aguggugagacacuugguguccuugucccucaugugggcegaaauaccaguggeuuaccgecaagguucuucuucguaagaacgguaauaaaggageuggu
ggccauaguuacggcegecgaucuaaagucauuugacuuaggegacgageuuggeacugauccuuaugaagauuuucaagaaaacuggaacacuaaacau

agcagugguguuacccgugaacucaugegugageuuaacggaggg
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gcauacacucgcuaugucgauaacaacuucuguggeccugauggeuacccucuugagugeauuaaagaccuucuageacgugeugguaaageuucauge
acuuuguccgaacaacuggacuuuauugacacuaagaggggugluauacugeugecgugaacaugageaugaaauugeuugguacacggaacguucugaa
aagagcuaugaauugcagacaccuuuugaaaluuaaauuggcaaagaaauuugacaccuucaauggggaauguccaaauuuuguauuucccuuaaauucce
allaaucaagacuauucaaccaaggguugaaaagaaaaagcuugauggeuuuauggguagaauucgalucugucuauccaguugegucaccaaaugaauge
aaccaaaugugccuuucaacucucaugaagugugaucauuguggugaaacuucauggeagacgggegauuuuguuaaagecacuugegaauuuugugge
acugagaauuugacluaaagaaggugccacuacuugugguuacuuaccccaaaaugeuguuguuaaaauuuauuguccageaugucacaauucagaagua
ggaccugagcauagucuugccgaauaccauaaugaaucuggeulugaaaaccauucuucguaaggguggucgeacuauugecuuuggaggeuguguguuc
ucuuauguugguugccauaacaagugugecuauuggguuccacgugeuagegeuaacauagguuguaaccauacagguguuguuggagaagguuccgaa
ggucuuaaugacaaccuucuugaaauacuccaaaaagagaaaglcaacalucaauauuguuggugacuuuaaacuuaaugaagagaucgeccauuauuuug
gcaucuuuuucugecuuccacaagugeuuuuguggaaacugugaaagguuuggauuauaaagecauucaaacaaauuguugaauccugugguaauuuuaaa
guuacaaaaggaaaagcuaaaaaaggugccuggaauauuggugaacagaaaucaauacugaguccucuuuaugecauuugeaucagaggeugeucguguu
gluacgaucaauuuucucccgeacucuugaaacugcucaaaauucugugeguguuuuacagaaggecgeuauaacaauacuagauggaauuucacaguau
ucacugagacucauugaugcuaugauguucacaucugauuuggeuacuaacaaucuaguuguaauggecuacauuacaggugguguuguucaguugacu
ucgcaguggcuaacuaacaucuuuggeacuguuuaugaaaaacucaaacccguccuugauuggeuugaagagaaguuuaaggaagguguagaguuucuu
agagacgguugggaaauuguuaaauuuaucucaaccugugcuugugaaauugucgguggacaaauugucaccugugecaaaggaaauuaaggagaguguu
cagacauucuuuaagcuuguaaauaaauuuuuggecuuugugugeugacucuaucauuauugguggageuaaacuuaaagecuugaauuuaggugaaaca
uuugucacgcacucaaagggauuguacagaaaguguguuaaauccagagaagaaacluggeccuacucaugecucuaaaagecccaaaagaaauuaucuuc
uuagagggagaaacacuucccacagaaguguuaacagaggaaguugucuugaaaacuggugauuuacaaccauuagaacaaccuacuagugaagecuguu
gaagcuccauugguugguacaccaguuuguauuaacgggeuuauguugeucgaaaucaaagacacagaaaaguacugugeccuugeaccuaauaugaug

guaacaaacaauaccuucacacucaaaggcggu
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gcaccaacaaagguuacuuuuggugaugacacugugauagaaglugcaagguuacaagagugugaaualucacuuuugaacuugaugaaaggauugauaaa
guacuuaaugagaagugcucugccuauacaguugaacucgguacagaaguaaaugaguucgecuguguuguggeagaugeugucauaaaaacuuugeaa
ccaguaucugaauuacuuacaccacugggecauugauuuagaugaguggaguauggeuacauacuacuuauuugaugagucuggugaguuuaaauuggeu
ucacauauguauuguucuuucluacccuccagaugaggaugaagaagaaggugauugugaagaagaagaguuugagecaucaacucaauaugaguauggu
acugaagaugauuaccaagguaaaccuuuggaauuuggugccacuucugeugeucuucaaccugaagaagagcaagaagaagauugguuagaugaugau
agucaacaaacuguuggucaacaagacggcagugaggacaaucagacaacuacuauucaaacaauuguugagguucaaccucaauuagagauggaacuu
acaccaguuguucagacuauugaagugaauaguuuuagugguuauuuaaaacuuacugacaaugualacauuaaaaaugecagacauuguggaagaageu
aaaaagglaaaaccaacagugguuguuaaugcagccaauguuuaccuuaaacauggaggagguguugeaggagecuuaaauaaggeuacuaacaaugece
augcaaguugaaucugaugauuacauagcuacuaauggaccacuuaaagugggugguaguuguguuuuaageggacacaaucuugeuaaacacugucuu
cauguugucggceccaaauguuaacaaaggugaagacauucaacuucuuaagagugecuuaugaaaauuuuaaucagecacgaaguucuacuugeaccauua
uuaucagcugguauuuuuggugeugacccuauacauucuuuaagaguuuguguagauacuguucgecacaaaugucuacuuageugucuuugauaaaaau
clucuaugacaaacuuguuucaagcuuuuuggaaaugaagagugaaaagcaaguugaacaaaagaucgeugagauuccuaaagaggaaguuaageccauuu
alaacugaaaguaaaccuucaguugaacagagaaaacaagaugauaagaaaaucaaagcuuguguugaagaaguuacaacaacucuggaagaaacuaag
uuccucacagaaaacuuguuacuuuauauugacauuaauggcaaucuucauccagauucugecacucuuguuagugacauugacaucacuuucuuaaag
aaagaugcluccauauauagugggugauguuguucaagaggguguuuuaacugecugugguuauaccuacuaaaaaggeugguggeacuacugaaaugeua
gcgaaagecuuugagaaaagugecaacagacaauuaualaaccacuuacccgggucaggguuuaaaugguuacacuguagaggaggecaaagacagugeuu
aaaaaguguaaaagugccuuuuacauucuaccaucuauuaucucuaaugagaagcaagaaauucuuggaacuguuucuuggaauuugegagaaaugeuu
gcacaugcagaagaaacacgcaaaulaaugecugucuguguggaaacuaaageccauaguuucaacuauacagecguaaalauaaggguauuaaaauacaa
gagggugugguugauuauggugcuagauuuuacuuuuacaccaguaaaacaacuguagecgucacuualucaacacacuuaacgaucuaaaugaaacucuu
guuacaaugccacuuggcuauguaacacauggeuuaaauuuggaagaageugeucgguauaugagaucucucaaagugecageuacaguuucuguuucu
ucaccugaugcuguuacagcgluauaaugguuaucuuacuucuuculucuaaaacaccugaagaacauuuuauugaaaccaucucacuugeugguuccuau
aaagauugguccuauucuggacaaucuacacaacuagguauagaauuucuuaagagaggugauaaaagugualauuacacuaguaauccuaccacauuc
caccuagauggugaaguuaucaccuuugacaaucuuaagacacuucuuucuuugagagaagugaggacuauuaagguguuuacaacaguagacaacauu
aaccuccacacgcaaguuguggacaugucaalugacauauggacaacaguuugguccaacuuauuuggauggageugauguuacuaaaauaaaaccucau
aauucacaugaagguaaaacauuuuauguuuuaccuaaugaugacacucuacguguugaggeuuuugaguacuaccacacaacugauccuaguuuucug
gguagguacaugucagcaulaaaucacacuaaaaaguggaaauacccacaaguuaaugguuuaaculucuauuaaaugggeagauaacaacuguuaucuu
gccacugecauuguuaacacuccaacaaauagaguugaaguuuaauccaccugecucuacaagaugecuuauuacagageaagggeuggugaageugeuaac
uuuugugcacuuaucuuagecluacuguaauaagacaguaggugaguuaggugauguuagagaaacaaugaguuacuuguulcaacaugeccaauuuagau
ucuugcaaaagagucuugaacgugguguguaaaacuuguggacaacagcagacaacccuuaaggguguagaageuguuauguacaugggeacacuuucu
uaugaacaauuuaagaaagguguucagauaccuuguacgugugguaaacaagcuacaaaaualucuaguacaacaggagucaccuuuuguuaugauguca
gcaccaccugcucaguaugaacuuaagecaugguacauuuacuugugecuagugaguacacugguaauuaccaguguggucacuauaaacauauaacuucu
aaagaaacuuuguauugcauagacggugcuuuacuuacaaaguccucagaauacaaagguccuauuacggauguuuucuacaaagaaaacaguuacaca
acaaccalaaaaccaguuacuuauaaauuggaugguguuguuuguacagaaauugacccuaaguuggacaaulauuauaagaaagacaauucuuauuuc
acagagcaaccaaluugaucuuguaccaaaccaaccauauccaaacgcaagecuucgauaauuuuaaguuuguaugugauaauaucaaauuugeugaugau
uuaaaccaguuaacugguuauaagaaaccugcuucaagagagcuuaaaguuacauuuuucccugacuuaaauggugaugugguggeuauugauuauaaa
cacuacacacccucuuuuaagaaaggagcuaaauuguuacauaaaccuauuguuuggecauguuaacaaugcaacuaauaaagecacguauaaaccaaau
accugguguauacguugucuuuggagecacaaaaccaguugaaacaucaaauucguuugauguacugaagucagaggacgegeagggaauggauaaucuu
gcecugcecgaagaucuaaaaccagucucugaagaaguagluggaaaauccuaccauacagaaagacguucuugaguguaaugugaaaacuaccgaaguugua
ggagacaluuauaculaaaccagcaaauaauaguuuaaaaauuacagaagagguuggeccacacagaucuaauggeugecuuauguagacaauucuagucuu

acuauuaagaaacclaaugaauuaucuagaguauuagguuugaaaacccuugcuacucaugguuuageugeuguuaauagugucccuugggauacuaua



gcuaauuaugcuaagccuuuucuuaacaaaguuguuaguacaacuacuaacauaguuacacgguguuuaaaccguguuuguacuaauuauaugecuuau
uucuuuacuuuauugcuacaauuguguacuuuuacuagaaguacaaauucuagaaulaaagecaucuaugecgacuacuauagcaaagaauacuguuaag
agugucgguaaauuuugucuagaggecuucauuuaauuauuugaagucaccuaauuuuucuaaacugalaaauauuauaauuugguuuuuacuauuaagu
guuugccuagguucuuuaaucuacucaaccgeugecuuuagguguuuuaaugucuaauuuaggeaugecuucuuacuguacugguuacagagaaggeuau
uugaacucuacuaaugucacuauugcaaccuacuguacugguucluauaccuuguaguguuugucuuagugguuuagauucuuuagacaccuauccuucu
uuagaaacuauacaaauuaccauuucalucuuuuaaaugggauuuaacugecuuuuggeuuaguugeagagugguuuuuggeauauauucuuuucacuagg
uuuuucuauguacuuggauuggeugcecaaucaugecaauuguuuuucagecuauuuugeaguacauuuuauuaguaauucuuggeuuaugugguuaauaauu
aaucuuguacaaauggccccgauuucagecuaugguuagaauguacaucuucuuugeaucauuuuauuauguauggaaaaguuaugugeauguuguagac
gguuguaauucaucaacuuguaugauguguuacaaacguaauagagcaacaagagucgaauguacaacuauuguuaaugguguuagaagguccuuuuau
glucuaugcuaauggagguaaaggcuuuugcaaacuacacaauuggaauuguguuaauugugauacauucugugeugguaguacauuuauuagugaugaa
guugcgagagacuugucacuacaguuuaaaagaccaalaaauccuacugaccagucuucuuacaucguugauaguguuacagugaagaaugguuccauc
caucuuuacuuugauaaagcuggucaaaagacuuaugaaagacauucuclucucucauuuuguuaacuuagacaaccugagagcuaauaacacuaaaggu
ucauugccuauuaauguuauaguuuuugaugguaaaucaaaaugugaagaalucaucugecaaaaucagegucuguuuacuacagucageuuaugugucaa
ccuauacuguuacuagaucaggcauuagugucugauguuggugauagugeggaaguugeaguuaaaauguuugaugeuuacguuaauacguuuucauca
acuuuuaacguaccaauggaaaaacucaaaacacuaguugcaacugcagaagcugaacuugecaaagaaugugluccuuagacaaugucuuaucuacuuuu
auuucagcagcucggecaaggguuuguugauucagaugluagaaacuaaagauguuguugaaugucuuaaauugucacaucaaucugacauagaaguuacu
ggcgauaguuguaauaacuauaugeucaccuauaacaaaguugaaaacalugacaccccgugaccuuggugeuuguauugacuguagugegegucauauu
aaugcgcagguagcaaaaagucacaacauugecuuugauauggaacguuaaagauuucaugucauugucugaacaacuacgaaaacaaauacguagugeu

gcuaaaaagaauaacuuaccuuuuaaguugacaugugecaacuacuagacaaguuguuaauguuguaacaacaaagauagecacuuaaggguggu

@ NTNRA—T— - X7 NSP4:

o> % 7 E LB E D E A L NSPA TSI NI IR IE Tl - SN T-RIaE KT %5, ZOjEof T4
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aaaauuguuaauaauugguugaagcaguuaaluuaaaguuacacuuguguuccuuuuuguugeugecuauuuucuauuuaauaacaccuguucaugucaug

ucuaaacauacugacuuuucaagugaaaucauaggauacaaggecuauugaugguggugucacucgugacauagecaucuacagauacuuguuuugeuaac
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aaacaugcugauuuugacacaugguuuageccageguggugguaguuauacuaaugacaaageuugeccauugauugeugeagucauaacaagagaagug
gguuuugucgugeecugguuugecuggeacgauauuacgeacaacuaauggugacuuuuugecauuucuuaccuagaguuuuuagugeaguugguaacauc
uguuacacaccaucaaaacuuauagaguacacugacuuugcaacaucageuuguguuuuggeugeugaauguacaauuuulaaagaugeuucugguaag
ccaguaccauauuguuaugauaccaauguacuagaagguucuguugcuuaugaaaguuuacgeccugacacacguuaugugeucauggauggeucuauu
auucaauuuccuaacaccuaccuugaagguucuguuagaguggluaacaacuuuugauucugaguacuguaggeacggeacuugugaaagaucagaageu
gguguuuguguaucuacuagugguagauggguacuuaacaaugauuauuacagaucuuuaccaggaguuuucugugguguagaugeuguaaauuuacuu
acuaaualguuuacaccacuaauucaaccuauuggugecuuuggacauaucagcaucuauaguageuggugguauuguageuaucguaguaacaugecuu
gccuacuauuuuaugagguuuagaagageuuuuggugaauacagucauguaguugecuuuaauacuuuacuauuccuuaugucauucacuguacucugu
uuaacaccaguuuaclucauucuuaccugguguuuauucuguuauuuacuuguacuugacauuuuaucuuacuaaugauguuucuuuuuuageacauauu
caguggaugguuauguucacaccuuuaguaccuuucuggauaacaauugcuuauaucauuuguauuuccacaaagcauuucuauugguucuuuaguaau
uaccuaaagagacguguagucuuuaaugguguuuccuuuaguacuuuugaagaageugegeugugeaccuuuuuguuaaalaaagaaauguaucuaaag
uugcguagugaugugecuauuaccucuuacgcaauauaalagauacuuagcucuuualaauaaguacaaguauuuuaguggagecaauggauacaacuage
uacagagaagcugcuuguugucaucucgcaaaggcucucaaugacuucaguaacucagguucugauguucuuuaccaaccaccacaaaccucuaucace

ucagcuguuuugcag

@ NI - Z R E NSPh:

COEABEIIMOIMEEAE LT VEEL T, ZALMA OB E KD XD ITT D,

O NSP5 D FEEF :

agugguuuuagaaaaauggcauucccaucugguaaaguugaggguuguaugguacaaguaacuugugguacaacuacacuuaacggucuuuggeuugau
gacguaguuuacuguccaagacaugugaucugcaccucugaagacaugcuuaacccuaaulaugaagauuuacucauucguaagucuaaucauaauuuc
uugguacaggecugguaauguucaacucaggguuauuggacauucuaugcaaaauuguguacuuaagcuuaagguugauacageccaauccuaagacaccu
aaguauaaguuuguucgcauucaaccaggacagacuuuuucaguguuagecuuguuacaaugguucaccaucugguguuuaccaaugugeuaugaggece
aauuucacuauuaaggguucauuccuuaaugguucaugugguaguguugguuuuaacauagauuaugacugugucucuuuuuguuacaugeaccauaug
gaauuaccaacuggaguucaugcuggecacagacuuagaagguaacuuuuauggaccuuuuguugacaggecaaacagecacaageageugguacggacaca
acuauuacaguuaauguuuuagcuugguuguacgcugeuguuauaaauggagacaggugguuucucaaucgauuuaccacaacucuuaaugacuuuaac
cuuguggcuaugaaguacaauuaugaaccucluaacacaagaccauguugacauacuaggaccucuuucugecucaaacuggaauugecguuuuagauaug
ugugcuucauuaaaagaauuacugcaaaaugguaugaauggacguaccauauuggguagugeuuuauuagaagaugaauulacaccuuuugauguuguu

agacaaugcucagguguuacuuuccaa
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T DOEHEILNSP3, NSP4 & —FEIZ 7 A NV AD THTh DN DOVAZEZES D@L,

O NSP6 D FEEF :

agugcagugaaaagaacaalcaaggguacacaccacugguuguuacucacaauuuugacuucacuuuuaguuuuaguccagaguacucaauggucuuug
uucuuuuuuuuguaugaaaaugeccuuuuuaccuuuugeuauggguauuauugeuaugucugeuuuugeaaugauguuugucaaacauaageaugeauuu
cucuguuuguuuuuguuaccuucucuugccacuguagecuuauuuuaauauggucuauaugecugeuaguugggugaugeguauuaugacaugguuggau
alugguugauacuaguuugucugguuuuaagcuaaaagacuguguuauguaugcaucagecuguaguguuacuaaluccuuaugacagcaagaacuguguau
gaugauggugcuaggagaguguggacacuuaugaauglucuugacacucguuuauaaaguuuauuaugguaaugeuuuagaucaageccauuuccaugugg
gcucuuauaaucucuguuacuucuaacuacucagguguaguuacaacugucauguuuuuggecagagguauuguuuuuauguguguugaguauugeccu
auuuucuucauaacugguaauacacuucaguguauaaugcuaguuuauuguuucuuaggeuauuuuuguacuuguuacuuuggecucuuuuguuuacuc
aaccgcuacuuuagacugacucuugguguuuaugauuacuuaguuucuacacaggaguuuagauauaugaauucacagggacuacucccacccaagaau

agcauagaugccuucaaacucaacauuaaauuguuggguguugguggecaaaccuuguaucaaaguagecacuguacag

® /L ab—{EROBIFDMEE %5 5 NSPT & NSP8

TD2OoODF N TEIZNSPI2ARNALY ) 2O LA —52EADET A1EE 245, Z0H LIRS
NIZRNAY J AR EAEHNT TG0 D 7 A NV AT D,

8



O NSP7 & NSPS i ZHFi% -
ucuaaaaugucagauguaaaglugcacalucaguagucuuacucucaguuuugecaacaacucagaguagaaucaucaucuaaauugugggeucaauguguc
caguuacacaaugacauucucuuagcuaaagauacuacugaagccuuugaaaaaaugguuucacuacuuucuguuuugeuuuccaugeagggugeugua

gacauaaacaagcuuugugaagaaaugcuggacaacagggecaaccuuacaa

gcuauagecucagaguuuaguucccuuccaucauaugeageuuuugeuacugeucaagaageuuaugageaggeuguugeuaauggugauucugaaguu
guucuuaaaaaguugaagaagucuuugaauguggcuaaaucugaauuugaccgugaugecagecaugecaacguaaguuggaaaagauggeugaucaageu
alugacccaaaugualuaaacaggcuagaucugaggacaagagggcaaaaguuacuagugecuaugecagacaaugecuuuucacuaugeuuagaaaguuggau
aaugaugcacucaacaacauuaucaacaaugcaagagaugguuguguucccuugaacauaauaccucuuacaacagecagecaaacuaaugguugucaua
ccagacuauaacacauauaaaaauacgugugaugguacaacauuuacuuaugcaucagecauugugggaaauccaacagguuguagaugeagauaguaaa

auuguucaacuuagugaaauuaguauggacaauucaccuaauuuagcauggeccucuuauuguaacageuuuaagggecaauucugeugucaaauuacag

@ MO R EHITBH 7378 NSP9:

ZOBRAEIIEE LICIROBEE (B b7 AR AS>TND) [N RREH T D, ZORE, MIaNOs5F
DI AT T RS K 51275, LavL, TR EARBRIZRDINIEIZ 00> TH7Ruy,

O NSP9 g FEEF :

aauaaugagcuuaguccuguugcacuacgacagaugucuugugeugecgguacuacacaaacugeuugeacugaugacaaugeguuageuuacuacaac
acaacaaagggagguagguuuguacuugcacuguuauccgauulacaggauuugaaaugggeuagauucccuaagagugauggaacugguacuaucuau
acagaacuggaaccaccuuguagguuuguuacagacacaccuaaagguccuaaagugaaguauuuauacuuuauuaaaggauuaaacaaccuaaauaga

gguaugguacuugguaguuuagcugecacaguacgucuacaa

@ EBLHIETZIFT—V2EHENSPI0:



E FOMIIZTTANVADRNAZ RO D EZNEUMDRTIIHVANA « X RTEEFEFSTND, 20D
NSP10 ZE /I NSP16 FEHE L HFE L TEiE, Ly A VAR « XU RTEIZRONRWVWEIICTANVARNAZ D
7TV aTHEEND D,

O NSP10 D EHELH -

gcugguaaugcaacagaagugecugecaauucaacuguauuaucuuucugugeuuuugeuguagaugeugeuaaageuuacaaagauuaucuageuagu
gggggacaaccaaucacuaauuguguuaagauguuguguacacacacugguacuggucaggecaauaacaguuacaccggaagecaauauggaucaagaa
uccuuugguggugcaucguguugucuguacugecguugecacauagaucauccaaaucclaaaggauuuugugaculaaaagguaaguauguacaaaua
ccuacaacuugugcuaaugacccuguggguuuuacaculaaaaacacagucuguaccgucugegguauguggaaagguuauggeuguaguugugaucaa

cuccgcgaacccaugeuucag

@ xt'—--<wI v F/JENSPI2:

COEAEITIBLGTOXT () 2 LVWTANR T ) NMIEDLBERDH D, HRELIIMMOae T U1
NWAT T ANAIEL LTV EVIRZONSPI2 L OGT 2 Z & & RO, Covid-19 FERDIRIITHEZ 57008 9
Rz, EYs U7 NSP12 O R N AR SRS © ucagcugaugecacaaucguuuuuaaac. .. Zai b, £ L TR
2. Ny 7 b7y LTCe ZBEGRAIY . RO KD ITHITT D,

... cggguuugegguguaagugeageecglcuuacaccgugeggeacaggeacuaguaclugauglicguauacagggeuuuugacaucuacaaugatuaaa
guagcugguuuugeuaaauuccuaaaaacuaauuguugucgeulccaagaaaaggacgaagaugacaaullaaulgaulicuuacuuuguaguuaagaga
cacacuuuclcuaacuaccaacaugaagaaacaauluauaauulaculaaggauuglccageugulgeuaaacatgacuucuuuaaguuuagaauagac
ggugacaugguaccacalaualcacgucaacgucluluacuaaauacacaauggeagaceucgucualgeuuuaaggeauluuugaugaagguaauugugac
acaulaaaagaaalacuugucacauacaaulguuglgaugaugauuauuucaauaaaaaggacugguaugauuuluguagaaaacccagaualauuacge

gluauacgccaacuuaggugaacguguacgecaagecuuluguuaaaaacaguacaauucugugaugecaugegaaaugeugguauuguugguguacugaca
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uuagauaaucaagaucucaaugguaacugguaugauuucggugauuucauacaaaccacgecagguaguggaguuccuguuguagauucuuauuauuca
uuguuaaugccuauauuaaccuugaccagggecuuuaacugeagaglucacauguugacacugacuuaacaaageccuuacaulaagugggauuuguuaaaa
uaugacuucacggaagagaggluuaaaacucuuugaccguuauuulaaauauugggaucagacauaccacccaaauuguguuaacuguuuggaugacaga
ugcauucugcauugugcaaacuuuaauguuuuauucucuacaguguuccecaccuacaaguuuuggaccacuagugagaaaaauauuuguugaugguguu
ccauuuguaguuucaacuggauaccacuucagagagecuagguguuguacauaaucaggauguaaacuuacauageucuagacuuaguuuuaaggaauua
cuuguguaugcugecugacccugcuaugeacgeugecuucugguaaucuauuacuagauaaacgecacuacgugeuuuucaguageugeacuuacuaacaau
guugcuuuucaaacugucaaacccgguaauuluaacaaagaculcuaugacuuugeugugucuaaggguuucuuuaaggaaggaaguucuguugaauua
aaacacuucuucuuugcucaggaugguaaugecugcualucagecgauuaugacuacuaucguuauaaucuaccaacaaugugugauaucagacaacuacua
uuuguaguugaaguuguugauaaguacuuugauuguuacgaugguggeuguauuaaugecuaaccaagucaucgucaacaaccuagacaaaucageuggu
uuuccauuuaauaaaugggguaaggeuagacuuuauuaugauucaaugaguuaugaggaucaagaugeacuuuucgecauauacaaaacguaaugucauc
ccuacualaacucaaaugaaucuuaaguaugcecauuagugcaaagaauagageucgeaccguageugguguclucuaucuguaguacuaugaccaauaga
caguuucaucaaaaauuauugaaaucaauagccgecacuagaggageuacuguaguaauuggaacaagecaaauucuauggugguuggeacaacauguua
aaaacuguuuauagugauguagaaaacccucaccuuauggguugggauuauccuaaaugugauagagecaugecuaacaugeuuagaauuauggeeuca
cuuguucuugcucgecaaacauacaacguguuguageuugucacaccguuucuauagauuagecuaaugagugugeucaaguauugagugaaauggucaug
uguggcgguucacuauauguuaaaccagguggaaccucaucaggagaugecacaacugeuuaugeuaauaguguuuuuaacauuugucaageugucacg
gccaauguuaaugecacuuuuaucuacugaugguaacaaaauugecgauaaguauguccgeaauuuacaacacagacuuuaugagugucucuauagaaau
agagauguugacacagacuuugugaaugaguuuuacgcauauuugecguaaacauuucucaaugaugauacucucugacgaugeuguuguguguuucaau
agcacuuaugcauclucaaggucuaguggcuagecauaaagaacuuuaagucaguucuuuauuaucaaaacaauguuuuuaugucugaagcaaaauguugg
acugagacugaccuuacuaaaggaccucaugaauuuugecucucaacauacaaugcuaguuaaacagggugaugauuauguguaccuuccuuaccecagau
ccaucaagaauccuaggggecggeuguuuuguagaugauaucgluaaaaacagaugguacacuuaugauugaacgguucgugucuuuageuauagaugeu
uacccacuuacuaaacauccuaaucaggaguaugecugaugucuulucauuuguacuuacaauacauaagaaagcuacaugaugaguuaacaggacacaug

uuagacauguauucuguuaugcuuacuaaugauaacacuucaagguauugggaaccugaguuuuaugaggecuauguacacaccgeauacagucuuacag

H 9 —ODOFEH] NSP11, (XA U R NADEIEAS| & —HA—"—F v T L TWNER, ZOBLRIFIMEL/NSH
VRITBENENR@EEZ L TCWENTIEE Do TR,

® RNADERXIRELK /37 E NSP13:

W, VA NVARNATEHE 2R U E RS THETWD, BB BIINSPI3 BREDOER X ZHEE LT, fho
BRI DI 2 Y . e a bt —Z2ENS Xl CTnb EEZ TV D,
O NSP13 D EELF -

geuguuggggeuuguguucuuugecaauucacagacuucauuaagauguggugeuugeauacguagaccauucuuauguuguaaaugeuguuacgaccau
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glucauaucaacaucacauaaauuagucuugucuguuaauccguauguuugecaaugeuccagguugugaugucacagaugugacucaacuuuacuuagga
gguaugagcuauuauuguaaaucacauaaaccacccauuaguuuuccauugugugeuaauggacaaguuuuugguuuauauaaaaauacauguguuggu
agcgauaauguuaclugacuuuaaugcaauugcaacaugugacuggacaaaugecuggugauuacauuuuagcuaacaccuguacugaaagacucaageuu
uuugcagcagaaacgcucaaagecuacugaggagacauulaaacuglucuuaugguauugeuacuguacgugaagugeuguclugacagagaauuacaucuu
ucaugggaaguugguaaaccuagaccaccacuuaaccgaaauuaugucuuuacugguuaucguguaacuaaaaacaguaaaguacaaauaggagaguac
accuuugaaaaaggugacuauggugaugcuguuguuuaccgagguacaacaacuuacaaallaaauguuggugauuauuuugugeugacaucacauaca
guaaugccauuaagugcaccuacacuagugecacaagagecacuauguuagaauuacuggeuuauacccaacacucaauaucucagaugaguuuucuage
aauguugcaaauuaucaaaagguugguaugcaaaaguauucuacacuccagggaccaccugguacugguaagagucauuuugeuauuggecuageucuc
uacuacccuucugcucgcauaguguauacagecuugecucucaugecgeuguugaugeacuaugugagaaggecauuaaaauauuugecuauagauaaaugu
aguagaauuauaccugcacgugcucguguagaguguuuugauaaauucaaagugaauucaacauuagaacaguaugucuuuuguacuguaaaugeauug
ccugagacgacagcagauauaguugucuuugaugaaauuucaauggecacaaauuaugauuugaguguugucaaugecagauuacgugeuaageacuau
guguacauuggcecgacccugeucaauuaccugeaccacgeacaulugecuaacuaagggecacacuagaaccagaalauuucaauucaguguguagacuuaug
aaaacuauagguccagacauguuccucggaacuugucggeguuguccugeugaaauuguugacacugugagugeuuugguuuaugauaauaageuuaaa
gcacauaaagacaaaucagcucaaugecuuuaaaauguuuuauaaggguguuaucacgecaugauguuucaucugecaauuaacaggecacaaauaggegug
gluaagagaauuccuuacacguaacccugcuuggagaaaagcuglucuuuauuucaccuuauaauucacagaaugeuguagecucaaagauuuugggacua
ccaacucaaacuguugauucaucacagggcucagaauaugacuaugucauauucacucaaaccacugaaacageucacucuuguaauguaaacagauuu
aauguugcuauuaccagagcaaaaguaggcauacuuugecauaaugucugauagagaccuuuaugacaaguugcaauuuacaagucuugaaauuccacgu

aggaauguggcaacuuuacaa

@ U A/LADKIELERE NSP14

NSP12 23zt « O AL ADYS ) LB 51, LIZULIEMEST-EEATFAT L ENH S, NSPI4 1ZZFD
MES7-HHEATI D L, ELWEIEE ANRZ A X213 H 5,

O NSP14 g EHEF

gcugaaaauguaacaggacucuuuaaagauuguaguaagguaalucacuggguuacauccuacacaggeaccuacacaccucaguguugacacuaaauuc
aaaacugaagguuuauguguugacauaccuggecauaccluaaggacaugaccuauagaagacucaucucuaugauggguuuuaaaaugaauuaucaaguu
aaugguuacccuaacauguuuaucacccgegaagaagecuauaagacauguacgugeauggauuggeuucgaugucgaggggugucaugeuacuagagaa
geuguugguaccaauuuaccuuuacagecuagguuuuucuacagguguuaaccuaguugeuguaccuacagguuauguugauacaccuaauaauacagau
uuuuccagaguuagugcuaaaccaccgecuggagaucaauuuaaacaccucauaccacuuauguacaaaggacuuccuuggaauguagugeguauaaag

auuguacaaauguuaagugacacacuuaaaaaucucucugacagagucguauuugucuuaugggecacauggeuuugaguugacaucuaugaaguauuuu
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gugaaaalaggacclugagcgeaccuguugucuaugugauagacgugecacaugeuuuuccacugeuucagacacuuaugecuguuggeaucauucuauu
ggauuugauuacgucuauaauccguuuaugauugauguucaacaaugggguuuuacagguaaccuacaaagecaaccaugaucuguauugucaaguccau
gguaaugcacauguagcuaguugugaugcaalucaugacuaggugucuageuguccacgagugeuuuguuaageguguugacuggacuauugaauauccu
allaauuggugaugaacugaagauuaaugcggeuuguagaaagguucaacacaugguuguuaaagecugecauuauuageagacaaauucceaguucuucac
gacauugguaacccluaaagcuauuaaguguguaccucaagecugauguagaauggaaguucuaugaugeacagecuuguagugacaaagecuuauaaaaua
gaagaauuauucuauucuuaugccacacauucugacaaauucacagaugguguaugccuauuuuggaauugecaaugucgauagauauccugeuaauuce
auuguuuguagauuugacacuagagugcuaucuaaccluluaacuugecugguugugaugguggecaguuuguauguaaauaaacaugeauuccacacacca
gcuuuugauaaaagugcuuuuguuaauuuaaaacaaulaccauuuuucuauuacucugacaguccaugugagucucauggaaaacaaguagugucagau
allagauuauguaccacuaaagucugcuacguguauaacacguugcaauuuagguggugeugucuguagacaucaugecuaaugaguacagauuguaucuc

gaugcuuauaacaugaugaucucageuggcuuuageuuguggguuuacaaacaauuugauacuuauaaccucluggaacacuuuuacaagacuucag

® /U — 7y EHE NSP15

s Hid. A NV ANEGSI OB T A NV AEN S F 257 ik e LT, ZOX R TEN CRERD) 7D
DA VA RNA RIS 2O TIXRWNEEZTWVWD,

O NSP15 i EAEZF -

agaguuuagaaaauguggcuuuuaauguuguaaauaagggacacuuugauggacaacagggugaaguaccaguuucuaucauuaauaacacuguuuaca
caaaaguugaugguguugauguagaauuguuugaaaalaaaacaacauuaccuguuaauguagcauuugageuuugggeuaagegeaacauuaaaccag
uaccagaggugaaaalacucaauaauuuggguguggacauugecugeuaauacugugalucugggacuacaaaagagaugeuccageacauauaucuacua
uugguguuuguucuaugacugacauagccaagaaaccaacugaaacgauuugugeaccacucacugucuuuuuugaugguagaguugauggucaaguag
acuuauuuagaaaugcccguaaugguguucuuauuacagaagguaguguluaaagguuuacaaccaucuguaggucccaaacaagecuagucuuaauggag
ucacauuaauuggagaagccglaaaaacacaguucaaulauuauaagaaaguugaugguguuguccaacaauuaccugaaacuuacuuuacucagagua
gaaauuuacaagaaluuuaaacccaggagucaaauggaaauugauuucuuagaauuagcuauggaugaauucauugaacgguauaaauuagaaggeuaug
ccuucgaacauaucguuuauggagauuuuagucauagucaguuaggugguuuacaucuacugauuggacuagecuaaacguuuuaaggaaucaccuuuug
aauuagaagauuuuauuccuauggacaguacaguuaaaaacuauuucauaacagaugcgeaaacagguucaucuaaguguguguguucuguuauugauu
uauuacuugaugauuuuguugaaauaalaaaaucccaagauuualucuguaguuucuaagguugucaaagugacuauugacluauacagaaauuucauuua

ugcuuugguguaaagauggecauguagaaacauuuuacccaaaauuacaa

@ FRHZNVETFT—V=2 - FL/NIENSP16
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NSP16 [ NSP10 L H:[FI T, 7 A /L ARNAZY) Y LT DOBEELRE S 7 A NV AEis T2 B#E L T\ 5,

O NSP16 Mz EAEZF -

ucuagucaagecguggecaaccggguguugeuaugecuaalucuuuacaaaaugecaaagaaugcuauuagaaaaguglugacculucaaaauuauggugauagu
gcaacauuaccuaaaggcalaaugalugaauglucgcaaaauauacucaacugugucaauaulluaaacacauuaacauuageuguacccuauaauaugaga
guuauacauuuuggugcugguucugauaaaggaguugecaccagguacageuguuuuaagacagugguugecuacggguacgeugeuugucgauucagau
cuuaaugacuuugucucugaugcagauucaacuuugauuggugauugugecaacuguacauacagcuaauaaaugggaucucauuauuagugauauguac
gacccuaagacuaaaaauguuacaaaagaaaaugacucluaaagaggguuuuuucacuuacauuuguggguuuauacaacaaaagecuageucuuggaggu
uccguggcuauaaagauaacagaacaulucuuggaaugeugaucuulauaageucaugggacacuucgeaugguggacagecuuuguuacuaaugugaau
gcgucaucaucugaagcauuuuuaauuggauguaauuaucuuggeaaaccacgegaacaaauagaugguuaugucaugeaugecaaauuacauauuuugg
aggaauacaaauccaauucaguugucuuccuauucuulauuugacaugaguaaauuuccccuuaaaulaagggguacugeuguuaugucuuuaaaagaa
ggucaaalcaaugauaugauuuuaucucuucuuaguaaagguagacuualaauuagagaaaacaacagaguuguuauuucuagugauguucuuguuaac

aacuaaacgaaca

@ HEERE: A(7 - ZFURIHES

ARA G B RTE ST A ODEEX 7 (S, E, M, N) ®92bD15Thd, ZhbidantvAg
IVADINGERERER L, WEOT ) ARNAZSFS>TWD, HiEX RV EITE, HilZlEbhizu AR - 2
E—OHEA LN S Ol 2 T TV B,

SEURITBIZ3ODIN—FITHIN T, UANRRFRIFECBNL T2 EZ#ER L TBY, FOEFEDO L H 72
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b an T « AL LW AR BTz,

ZOFDE ST RTACE2 2 W) XU -7 (TRl B WEY) IS T 5, 2D ACE2 IXE FOXKEDFE
I DEE R CTH D, F IR TIANRTMIBICBEATHDOTH S,

EZHiXe hOMRICEE S fEET D HENH KL —lRECHM O ARG L TV T A LV ZADHBIZEB T
BERAT v T EoltEZEZ20N5, WS ONDOIETF — 2045, ZOAE S OMIBICHE ST 2 D2 giE K
D00 FrDRFEET>TVD,

SARS—CoV-2 DR F o /3 7 B DR T 12 O EACS ccucggegggea NRAINTEY . THNEARER%E
%)

O AXAI7EBES OBEERF

auguuuguuuuucuuguuuuauugecacuagucucuagucaguguguuaaucuuacaaccagaacucaauuacccccugeauacacuaauucuuucaca
cgugguguuuauuacccugacaaaguuuucagauccucaguuuuacauucaacucaggacuuguucuuaccuuucuuuuccaauguuacuugguuccau
gcuauacaugucucugggaccaaugguacuaagagguuugauaacccuguccuaccauuuaaugaugguguuuauuuugeuuccacugagaagucuaac
alaauaagaggcuggauuuuugguacuacuuuagauucgaagacccagucccuacuuauuguuaauaacgcuacuaauguuguuauuaaagucugugaa
uuucaauuuuguaaugauccauuuuuggguguuuauuaccacaaaaacaacaaaaguuggauggaaagugaguucagaguuuauucuagugegaauaau
ugcacuuuugaauaugucucucagccuuuucuuauggaccuugaaggaaaacaggguaauuucaaaaaucuuagggaauuuguguuuaagaauauugau

gguuauuluuaaaalauauucuaagecacacgecuauuaauuuagugegugaucucccucaggguuuuucggeuuuagaaccauugguagauuugecaaua
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gguauuaacaucacuagguuucaaacuuuacuugcuuluacauagaaguuauuugacuccuggugauucuucuucagguuggacageuggugeugeageu
uauuauguggguuaucuucaaccuaggacuuuucuauuaaaaualaaugaaaauggaaccauuacagaugecuguagacuglugecacuugacccucucuca
gaaacaaaguguacguugaaauccuucacuguagaaaaaggaalcuaucaaacuucuaacuuuagaguccaaccaacagaaucuauuguuagauuuccu
aauauuacaaacuugugcccuuuuggugaaguuuuuaacgccaccagauuugecaucuguuuaugeuuggaacaggaagagaaucagecaacuguguugeu
gauuauucuguccuauauaauuccgeaucauuuuccacuuuuaaguguuauggagugucuccuacuaaauuaaaugaucucugeuuuacuaaugucuau
gcagauucauuuguaauuagaggugaugaagucagacaaaucgeuccagggecaaacuggaaagauugeugaulauaaulauaaauuaccagaugauuuu
acaggcugcguuauagcuuggaauucuaacaaucuugauucuaagguuggugguaauuauaauuaccuguauagauuguuuaggaagucuaaucucaaa
ccuuuugagagagauauuucaacugaaaucuaucaggecgguageacaccuuguaaugguguugaagguuuuaauuguuacuuuccuuuacaaucauau
gguuuccaacccacluaaugguguugguuaccaaccauacagaguaguaguacuuucuuuugaacuucuacaugeaccagecaacuguuuguggaccuaaa
aagucuacuaauuugguuaaaaacaaaugugucaauulcaaculucaaugguuuaacaggecacagguguucuuacugagucuaacaaaaaguuucugecu
uuccaacaauuuggecagagacauugcugacacuacugaugeuguccgugaluccacagacacuugagauucuugacauuacaccauguucuuuugguggu
glucaguguuauaacaccaggaacaaauacuucuaaccagguugecuguucuuuaucaggauguuaacugecacagaagucccuguugeuauucaugeagau
caacuuacuccuacuuggeguguuuauucuacagguucuaauguuuuucaaacacgugecaggeuguuuaauaggggeugaacaugucaacaacucauau
gagugugacauacccauuggugcagguauaugegecuaguuaucagacucagacuaauucuccucggegggeacguaguguageuagucaauccaucauu
gccuacacuaugucacuuggugecagaaaauucaguugeuuacucuaauaacucuauugecauacccacaaauuuuacuauuaguguuaccacagaaauu
cuaccagugucuaugaccaagacaucaguagauuguacaauguacauuuguggugauucaacugaaugecageaaucuuuuguugecaauauggeaguuuu
uguacacaaluuaaaccgugculuuaacuggaauagecuguugaacaagacaaaaacacccaagaaguuuuugecacaagucaaacaaauuuacaaaacacca
ccaauuaaagauuuuggugguuuuaauuuuucacaaalauuaccagauccaucaaaaccaagecaagaggucauuuauugaagaucuacuuuucaacaaa
gugacacuugcagaugcuggecuucaucaaacaauauggugauugecuuggugauauugeugeuagagaccucauuugugeacaaaaguuuaacggecuu
acuguuuugccaccuuugcucacagaugaaaugauugeucaauacacuucugecacuguuageggguacaaucacuucugguuggaccuuuggugeaggu
gecugcauuacaaauaccauuugcuaugecaaauggeuuauagguuuaaugguauuggaguuacacagaauguucucuaugagaaccaaaaauugauugec
aaccaauuuaauagugcuauuggcaaaauucaagacucacuuucuuccacagcaagugecacuuggaaaacuucaagauguggucaaccaaaaugeacaa
gcuuuaaacacgceuuguuaaacaacuuagcuccaauuuuggugecaauuucaaguguuuuaaaugaualuccuuucacgucuugacaaaguugaggeugaa
gugcaaauugauagguugaucacaggecagacuucaaaguuugeagacauaugugacucaacaauuaauuagageugeagaaaucagageuucugeuaau
cuugcugcuacuaaaaugucagaguguguacuuggacaaucaaaaagaguugauuuuuguggaaagggeuaucaucuuauguccuuccecucagucagea
ccucaugguguagucuucuugecaugugacuuaugucccugecacaagaaaagaacuucacaacugecuccugecauuugucaugauggaaaageacacuuu
ccucgugaaggugucuuuguuucaaauggeacacacugguuugluaacacaaaggaauuuuuaugaaccacaaalucauuacuacagacaacacauuugug
ucugguaacugugauguuguaauaggaauugucaacaacacaguuluaugauccuuugecaaccugaauuagacucauucaaggaggaguuagauaaauau
uuuaagaaucauacalcaccagauguugauuuaggugacaucucuggcauuaaugecuucaguuguaaacauucaaaaagaaauugaccgecucaaugag
guugccaagaauuuaaaugaaucucucaucgaucuccaagaacuuggaaaguaugagcaguauauaaaauggecaugguacauuuggeuagguuuuaua
geuggeuugauugecauaguaauggugacaauuaugeuuugeuguaugaccaguugeuguaguugucucaagggeuguuguucuuguggauccugeuge

aaauuugaugaagacgacuclugagccagugclucaaaggagucaaauuacauuacacauaaacgaacuu

® BHiEAYE : BT —7 4 X | ORF3a
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SARS—-CoV-2 D4 7 MZiE, Al (7 7%V —« B 78] LIHIND SN —FOREGEF LN SN TV,
IHBIE, Y LI ONERBREE OB IS L C YA VAR TE 5 L 9128 28 236 %, ORF3a ¥
R BTG LTSI ORI R A B F L BT ISR D A VAR RIT TN L DI <, FAUE X, YL
MR SIEZ 5 2428, Covid-19 D b fEBRRIEIRD 1 > TH 2,

O ORF3a O EHAELF -

auggauuuguuuaugagaalcuucacaauuggaacuguaacuuugaageaaggugaaaucaaggaugeuacuccuucagauuuuguucgegeuacugea
acgalaccgauacaagccucacucccuuucggauggeuuauuguuggeguugeacuucuugeuguuuuucagagegeuuccaaaaucauaacceucaaa
aagagauggcaacuagcaclucuccaagggugulcacuuuguuugeaacuugeuguuguuguuuguaacaguuuacucacaccuuuugeucguugeugeu
ggccuugaagecccuuulcucuaucuuuaugeuulagucuacuucuugeagaguauaaacuuuguaagaauaauaaugaggeuuuggeuuugeuggaaa
ugccguuccaaaaacccauuacuuuaugaugecaacuauuluucuuugeuggeauacuaauuguuacgacuauuguauacecuuacaauaguguaacuucu
ucaauugucaluacuucaggugauggcacaacaaguccuauulcugaacaugacuaccagauuggugguuauacugaaaaaugggaalcluggaguaaaa
gacuguguuguauuacacaguuacuucacuucagacuauuaccageuguaclucaacucaaluugaguacagacacugguguugaacauguuaccuucuuc
aucuacaauaaaauuguugaugagccugaagaacauguccaaauucacacaaucgacgguucauccggaguuguuaauccaguaauggaaccaauuuau

gaugaaccgacgacgacuacuagcgugecuuuguaagecacaageugaugaguacgaacuu

ORF3b H ZDRILRNA EA— =T v F L TELBND M, SARS—CoV-2 N Z DEMEFEFH L TH 752 E
STWDEME I, BEEED LR TE TR,

® HEEHH :SkF N IHEE

Sk S NI EIX T A NV A DM A BT DHE S XD 1 O Th D, ZOERAEITEL VA VAR
HNTHBEPIC AL DI < . WF7EE BIE. TN HH S OMIADOEIRFOA L « T 72UV KR D HZ /N7
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HICHET 252/ Lz, EEAENE hOBLGTFICTHIIERE AN =BT 5 TREE L H 5,

=+
O SEREBREE OBEEELF
alguacucauucguuucggaagagacagguacguuaauaguuaauagcguacuucuuuuucuugecuuucgugguauucuugeuaguuacacuagecauc
cuuacugegeuucgauugugugeguacugeugeaauauuguuaacgugagucuuguaaaaccuucuuuuuacguuuacucucguguuaaaaaucugaau

ucuucuagaguuccugaucuucuggucluaaacgaacuaaauaulauauuaguuuuucuguuuggaacuuuaauuuuagec

@ FHEFUNRIE  EFYUNNTEM

B9 —ODOREEZ T BFIT T A IV ADINGED—ERERER L TS,

O BEE U R7EDOEEEF :

auggcagauuccaacgguacuauuaccguugaagagcuuaaaaagcuccuugaacaauggaaccuaguaauagguuuccuauuccuuacauggauuugu
cuucuacaauuugccuaugccaacaggaauagguuuuuguauauaauuaaguuaauuuuccucuggeuguuauggecaguaacuuuageuuguuuugug
cuugcugcuguuuacagaauaaauuggaucaccgguggaauugecuaucgecaauggeuugucuuguaggeuugauguggeucageuacuucauugeuucu
uucagacuguuugcgeguacgeguuccauguggucauucaauccagaaacuaacauucuucucaacgugecacuccauggeacuauucugaccagaccg
cuucuagaaagugaacucguaaucggagcugugauccuucguggacaucuucguauugeuggacaccaucuaggacgeugugacaucaaggaccugecu
aaagaaaucacuguugcuacaucacgaacgcuuucuuauuacaaauugggageuucgecageguguageaggugacucagguuuugeugecauacagucge

uacaggauuggcaaclauaaaluaaacacagaccauuccaguagecagugacaauauugecuuugeuuguacaguaagugacaacag

@ &ffix RV E 57~ v 1 —O0RF6

COEAEITEYE LN E S AT MIE B AL DAL T AR H 5, ZiUI N, BSR4
KA VTINEL DRI RO TANALE Y X R Er b T ay 735,
O {EE7 v v —0RF6 DI EEF :

auguuucaucucguugacuuucagguuacuauagcagagauaulacuaauuauuaugaggacuuuuaaaguuuccauuuggaaucuugauuacaucaua
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aaccucalaauuaaaaauuuaucuaagucacuaacugagaauaaauauucucaauuagaugaagagcaaccaauggagauugauuaaacgaac

@ BHiZ L RIE YA NABEF Y 'E- ORFTa

B ATHOR =D A VAN O L K D &9 51, Milix7 Y v eI BAETEROEiEA LD & T
Do WL ODMDOIFIE TN -7 Z &1, ORFTa (TGS T & U 3 a HE L U A L ARRIT 2D &8T5
BEa2 L TWnDHEH7E, MIEELIIN, ZORAENEEMEO DO x5 2L bHA LT, T
Covid-19 IZ L BMDH A =T b= HFTRKTH 5,

O UANAREEHZ /37 E- ORFTa DI EEHELF :

augaaaauuauucuuuucuuggeacugauaacaclucgeluacuugugageuulaucacuaccaagaguguguuagagguacaacaguacuuuuaaaagaa
ccuugclucuucuggaacauacgagggeaaulcaccauuucauccucuageugauaacaaauuugeacugacuugeuuuageacucaauuugeuuuugeu
uguccugacggcguaaaacacgucuaucaguuacgugecagalcaguuucaccuaaacuguucaucagacaagaggaaguucaagaacuuuacucucca
auluuucuuauuguugeggeaauaguguuuauaacacuuugeuucacacucaaaagaaagacagaalugauugaacuulucaulaauugacuucuauuugu
gcuuuuuagecuuucugeuauuccuuguuuluaaulaugecuuauuaucuuuugguucucacuugaacugecaagaucauaaugaaacuugucacgecuaaa

cgaac

ORFTb IFZDRNAD—EELEA—"—=T v T LTWNDHD, ZOEENZDONTIL L3> TnZeny,

@ EBHiZ L VE . I ATV —EBHE ORF8

T 7YY — - BAEOBILTILSARS-CoV-2 L amF « 7 A LA LDRERENEZRL TS,
FEE DILZ DEENZOWCHRER RO E Ik TH 5,
O IRTVU—FHEHBEE ORF8 D EALH|

algaaauuucuuguuuucuuaggaaucaucacaacuguagcugcauuucaccaagaauguaguuuacagucauguacucaacaucaaccauauguaguu
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gaugacccguguccluauucacuucuauucuaaauggualauuagaguaggagecuagaaaaucagecaccuuuaauugaauugugeguggaugaggeuggu
ucuaaaucacccauucaguacaucgauaucgguaauuauacaguuluccuguuuaccuuuuacaauuaauugeccaggaaccliuaaauuggguagucuugua

gugcguuguucguucuaugaagacuuuuuagaguaucaugacguucguguuguuuuagauuucaucuaaacgaacaaacuaaa

Q@ BEXUIE X VAX TV RZUNRIEN

CONZUNRIEITTANARNAZZDOBRICHAUIAD THFLHHE A2 L TWWD, ZLDONX U RTEITORMND
HOTEWANSNAL FALEIEY . RNAZBW A JVIRICEES> TV 5,
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O NEURIBEDOEERLF :
augucugauaauggaccccaaaaucagecgaaaugecaccecgeauuacguuugguggacccucagauucaacuggecaguaaccagaauggagaacgeagu
ggggegegaucaaaacaacgucggecccaagguuuacccaauaauacugegucuugguucaccgeucucacucaacauggecaaggaagaccuuaaauuc
ccucgaggacaaggcecguuccaauuaacaccaauageaguccagaugaccaaauuggecuacuaccgaagageuaccagacgaauucgugguggugacggu
aaaaugaaagaucucaguccaagaugguauuucuacuaccuaggaacugggecagaagecuggacuucccuauggugeuaacaaagacggeaucauaugg
guugcaacugagggagccuugaauacaccaaaagaucacauuggeacccgeaauccugcecuaacaaugeugeaaucgugeuacaacuuccucaaggaaca
acauugccaaaaggcuucuacgcagaagggagecagaggeggeagucaagecucuucucguuccucaucacguagucgecaacaguucaagaaauucaacu
ccaggcagcaguaggggaacuucuccugecuagaauggeuggeaauggeggugaugeugeucuugeuuugeugeugeuugacagauugaaccageuugag
agcaaaaugucugguaaaggccaacaacaacaaggecaaacugucacuaagaaaucugecugeugaggeuucuaagaagecucggecaaaaacguacugec
acuaaagcauacaauguaacacaagcuuucggecagacgugguccagaacaaacccaaggaaauuuuggggaccaggaacuaaucagacaaggaacugau
uacaaacauuggccgcaaauugcacaauuugeccccagegeuucageguucuucggaaugucgegeauuggeauggaagucacaccuucgggaacgugg
uugaccuacacaggugccaucaaauuggaugacaaagauccaaauuucaaagaucaagucauuuugeugaauaagecauauugacgecauacaaaacauuc
ccaccaacagagccuaaaaaggacaaaaagaagaaggeugaugaaacucaagecuuaccgeagagacagaagaaacagcecaaacugugacucuucuuccu
gecugcagauuuggaugauuucuccaaacaauugcaacaauccaugagecagugeugacucaacucaggecuaaacucaugecagaccacacaaggeag
T — - LRI ORFID & ORFIe (T2 ERURNA & A —"—F v 7 L T\5, ORF9b (Tt H#l
faz T ANANGFL8 DT OA L F—TxawT7ay 7 LB 32525, 212 0RF9e HEDIL TV 5 )
E 9 DT,

@ BiF L NNIE I ATY— - XL 3FE ORF10

SARS-CoV-2 U A )V ADITHEFEIL Z D/INS 72T 72—« Z U RXTEEFfF-> TV, TR TINNED L D 72
"EEZ L TCWDINAH———TU A NV AHENZOEHEEZESTHDLONE I B Do TR0,

O ORF10 nfg EEF
algggcuauauaaacguuuucgcuuuuccguuuacgaluauauagucuacucuugugecagaaugaauucucguaacuacauagecacaaguagauguaguu

aacuuuaaucucacauag

BbY

auF AR T KTMROZ N EEMEEEE A Ny TS ELRNAMA TRD D,
RIZ . aaaaaaaaaaaaa OV K UEHID FEL
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O #KTHEF|
caaucuuuaaucaguguguaacauuagggaggacuugaaagagcecaccacauuuucaccgaggecacgeggaguacgaucgaguguacagugaacaaug

cuagggagagcugecuauauggaagageccuaaugugliaaaaulaauuuuaguagugecuauccccaugugauuuuaauageuucuuaggagaaugacaa

adaadadadaadaaaaaaaaadaaadaaaaaaaaaaa
H: DNAOHEIIZA C Gand T7Z28, RNATIEHT (FIv) NnuT (U) [C@EEHD->TWD,

@ = DOFEFE D JFURF SOk :

Fan Wu et al., Nature; National Center for Biotechnology Information; Dr. David Gordon, University
of California, San Francisco; Dr. Matthew B. Frieman and Dr. Stuart Weston, University of Maryland
School of Medicine; Dr. Pleuni Pennings, San Francisco State University; David Haussler and Jason
Fernandes, U.C. Santa Cruz Genomics Institute; Journal of Virology; Annual Review of Virology.

Model sources: Coronavirus by Maria Voigt, RCSB Protein Data Bank headquartered at Rutgers University-

New Brunswick; Ribosome from Heena Khatter et al., Nature; Proteins from Yang Zhang’ s Research Group,

University of Michigan.
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