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Izgudrojuma formula

1. Oligomérs, kas spéj hibridizéties ar analizéjama parauga polinuk-
leotidu kédes HCV secibu, atskiras ar to, ka tas satur HCV saistoSu mérka
secibu, komplementaru vismaz 4 secigiem cDNS nukleotidiem, pie kam HCV
cDNS seciba atbilst secibam no -340 lidz -320 vai no 8867 lidz 9060 péc
18. zim., vai tam komplementaram secibam.

2. Oligomérs péc 1. punkta, kas atskiras ar to, ka saistosa mérka seciba
sastdv no nukleotidiem, kas ir komplementari nukleotidiem, kuri nemti no
sadiem HCV cDNS nukleotidiem péc 18. zim., pie tam nn,-nn, apzimé
nukleotidu secibu no nukleotida x lidz nukleotidam y: NN_g4-NN_330; NN.330-NN.
320, NN.320-NN.340; NN 310-NN.300; NN_300-NN.290; NN.290-MN.280; NN.280"NN-270: MN-2707
NN_gg0; MN.260-NMN.250; NN.250"NN 2405 MN.240-NN.230; NN.230"NN.220; NN.220-NN.210: NN
210-NN.200; MN.200-NMN.190: NN.1g0"NN.180; NN.180-NN.170; NN.170-NN.160; NN.160-NN.150;
NN_150"NN.140; NN.140-NN.130; NN.130°NN.120; NN.y20-MN.110; NN.110"NM.100; NN.100-MN-g0s
nn_go'nn_eo; nn.ao'nn.7o; nn-7o'nn.50; nn,so'nn,w; nn_so'nn.m; nn%‘nn_ao;
NN_39-NN_20, NN.po-NN.10s NN.4o-NNy; NN4-NN4g, NN4o-NNyg, NNg-NN3o; NN39-NN4g;,
NN4e-NNsg; NNsg-NNgg; NNgg=NN7g; NN7-NNgg; NNgg-NMNgg; NNgg-NN1g0; NN100-NN110:

NN440-NN120;
NN470-NN4g0;
nnzao'nnaw;
NNgg-NN300:
NN350-NN360,
NN410-NN420:
nn47°'nn4&o;
NNgag-NNs40r
NN5ge-NNgoos
NNgso-NNgsos
NN710-NN720
NN779-NN7g0;
NNg3o-NNg4os
NNggo-NNgoo;

NNy20-NN430;
nn1ao‘nn1 go;
nnzm'nnzso;
NN300-NN310;
NN3g0-NN370s
nn420'nn430;
NN4gg-NN4g0,
NNg4o-NNss0;
NNgpo-NNg10;
NNggo-NNe70s
NN320-NN730;
NN7go-NN7g0s
NNg4o-NNgsos
NNgoo-NNg10s

NN430-NN440
NN4g0-NN200s
NN250-NN2605
NN310-NN320
NN370-NN3g0s
nnm‘nnm;
NN4g0-NNs00:
NNggo-NNsgo;
NNg10-NNg20:
NNg70-NNgg0s
NN730-NN740s
NN7g0-NMNgoos
NNgso-NNgeos

NNy40-NN450:
NNgg-NN210s
NN2g0-NN270s
NN320-NNa3g,
nnago'nnago;
NNg40-NN450:
NNso0-NNs10s
NNsgo-NNs70s
NNg2g-NNg30s
NNggo-NNsg0s
NN740-NN750:
NNgoo-NNg10s
NNggo-NNg70s

NNy50-NN160s
NN210-NN220,
NNz70-NN2g0;
NN330-NN340,
NN390-NN4g0;
nnm'nnmo;
MNs10-NNs20;
NN570-NNsgo;
NNg30-NNs40:
NNggo-NN700,
NNy7s0-NN760:
NNg10-NNg20s
NNg70-NNggos

NN4g0-NN 1705
NNyog-NNagg;
nnzao'nnzgo;
NN349-NN350,
NN4e0-NN4 10
NN4g0-NN470s
NN520-NNs30,
NNsgg-NNsg0s
NNg40-NNgs05
NN700-NN7105
NNg20-NNg30s
NNggo-NNgg0s



NNgyo-NNgag; NNgpo-NNg3g; NNgagNNgaos NMNggo~NNgso; NNgso~NMNgsos  NNgso-NNg70;
NNg7g-NNggo; MNggo-MNggo; MNggo-NN1goa; NN1o00-NN1010: MM10107MMN1020: NN1020-MMN1030
NN4030-NN1040: NN10a0MN10s0s NN1osoMN1oe0s NNioso-NN1070s MM1070-NN10s0s MMyoso”
NNygg0s NN1ogo-NN1100s NNy100™ MM 1105 NNq1107NMN11200 NN1120-NMN130; NN1130-MN4140;5
NNy140-NNq1s0: NNy150-NN1160; NNy160-NN1170; NN170-NN1180; MN1180-NN1190; NN11g0”
NNys00; NNq200-NMN12100 NN1210-MMN1220s NN4220-NNy230; NN1230-NN1240; NN1240-MN42505
NNy250-NNy260 NN1260-NMNy270; NNq270-NN1280; NNy280"NMN1290; NM1290-MN1300; NM1300"
NNy310; NNy310-MN13205 NN1a20-NMNy330; NMN4330-MN1340; NN1340"MM13s0; NN43so-NM13605
NNy360-NNyazes NMN4370-MN13go; NNqago-NNq3ges NNi3g0-MNN1400s NN1400NN1410: NNyat0”
NN4420; NNy420-MN1430; NN1440NMN1450; NN1450-NN1460; NN1460"NMN1470; NN4a70-MN1450;
NNy40-NN1490: NN1490-NMN1s00; MNys00~NNys10; NNy510-NMNys20; NNys20-NMN4s30; NNys30”
NNys40; NNysag-NNys50; NNysso-NNyseos NNysgo-NN1s700 NN1570-NM4sg0; NMysgo-NMsg0s
NNysg0-NN1s00s NN1600-NMs10s NN1610-MN1620; NMis20-MN1630s NM1630-MN1640: MN1640”
NNygso; NNiesg-NNiggos NN1eso-NN1s70s NNyg70-NN1eg0s NN1ggo-MMN16g0s NN1690-NN1700,
NNy760-NNy7100 MN1710-MNy720; NNy720-NN1730; NN4730-NN4740; NNy749-MN4750, NNy750"
NNy760; NNy760-NN1770; NNy770-NNy780; NNy780-NNy7g0; NN1790-NN1goos NN1goaNN1g10s
NNyg10-NNyg20s NMNyg20-NMN1gaos NN1g3o-NN1g40; NN1gag-NN1gsos NNissoNN1asor NMigeo”
NNyg7o; NNygzo-NN1ggo; NN1ggo-NN1ggos NN1ggo~MN1goos NN1goo™MN1g10s MN1910-NMN1920s
NNy920-NN1g30s NNyg30-NN1g40s NNigag-NNygsos NN1gs0-NN1gs0s NMigsoNN1gz0i NNig70”
NNyggo; NNqggo-NN1gg0s NN1ggo-NN2000; NN2000-NN2010s NN2010-NN2020: NMN2020~MMN2030s
NN3030-NN2ga0r NN2oag-NN2os0r NN20s0-NN2060; MN20s0NN2070: NN2070-MN2080; MN2080"
NNgggos NN2090-MN2100s NMN2100-NN2110s MN2110-NN2120: MN2120-NN2130; NN2130-MN2140s
NN2440-NN2150: MN2150-NN2160; NN2160~MN2170; NN2170"NN21g0; NN2180-NMN2190; NN21g0”
NNggp0; NNa2eo"MN2210; MN2219-NN2220; MN2220-NN2230; NN2230-NM2240s MN2240-NMN22505
NNga50-NNg2sg; MNoaoo=NNoz70; MN2270-NN22g0; NN22g0~MN2290; MN22g0"MN2300; NM2300"
NNa310; NN2310-NN2320; NN2320-MN2330; NMN2330-MN2340; NN2340~MN23s0; NN23s0-NN2360s
NN2ago-NNa370s NN2370-NN23gos NN23go-NNa3gar NN23g0-NMN2400: MN2400~NM2410: NN2410”
NNa420; NN2426-MN2430; MN2430-MN2440; NN2440-MN2450; NN2450-NMM2460: NN24s0-NN24705
NN2470-NN24g0s NN24g0 NN2490; NN2490-NN25s00i MN2s00-MMN2s10; MN2s107MN2s20; NMN2s20”
NNas30; NMN2s3g-NNosa0; MNasag-NNasso; NN2ss0~NNasea; MN2sgoNN2s70i MN2s70-NN2sg0s
NNysgo-NNasger NMNosgo~-NNaso0s NN2sgo™MN2s10s NN2610-MN2620; NM2620-MN2630; MN2630”
NNgg40; NNogag-MNogso; NNoeso-NNageos NN2gso~NN2s70: NM2670-MMN2680s NMN2680~NMN2690s
NNagg0-NN2700s NN2700"NN27100 NN2710-NN2720; NMN2720-MN2730; NN2730~NN27401 NMN2740"
NNa750; NNa7sg-NNozegs MNazg0-NN2770s NN2770-NN2780; NN2780-MN2790; NMM2790-NMN28c0N
NNugoo~NNag1or NMN2g10-MN2g20: NN2gao~NNagz0s MM2g3o~NM2sans NN2sa0-MN2gso; NNzeso-
NNageos NNagso-NN2g70; MNog7o-NN2ga0; NN2ggo=NN2gsos MNM2ggoMMagoos NMN2g00-MM2910s
NNag1g-NNag20r MN2g2o-NN2g30; NN2ga0™NMN2gans NN2gao~MN2gs0; NM2gs0-NN2gs0; NN2g60”
NNg70; NNog7o-NN2ggo; NN2ggo-NN29g0; NMN2ggo=NNaocs NNagoo~NMNaot0s NN3010-NMN3020s
NN3020-NN3030: NN3030-MNao40: NN3ga0-NN30s0; NN3050"MN3060: NNaos0™NN3070: NNa3o70”
NN3080; MN30go-MNaogos MNaogo=NNa100s NN31007MN31100 MN31107MN31200 MN3120-NN31305
NN3130-NN3140: NN3140-NN3150; NN3150-NN3160; NN3160"NN3170; MN3170-MN3180: NN3180"
NN3190; NN3190-MMNa200s MNaz00~NMa210; MN3210-MN3220; NNa220-MN3230; MNa23e~NN32405
NN3240-MNa2s0r NMN3250-MN3260; NNazeoNNazzo; NMNaz70-NN32g0; MNa2go-NNa2g0: NNa2g0”
NNagos NNagee-NNazio; MNaa10™MNa320; MNasz0-NNaszor MNaaso-MNazs0s NNaaso~NN3asos
NNaasp-NNasser NNagsoNN3370s MNaazo-NNaggo; MN3ago"MNasges NNaago~NMMaso0s MMaso0™
NNas10; MN3410-MNa420; NN3420-NN3430; MN3430-NN34401 NN3a40-MMN34s0; NN3450-NNa4s0s
NNasg0-MNN3470; NN3470-NN3480; MN3sgoNNasgos NN3a90-MMNasoos NNascoMNasies NMasio”
NN3go0; NNas20-NN3s30; NNasag-NNasa0s NNasa0-NMassor MNasso™MNaseor NNaseo NNaszos
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NN3570-NN3sa0; NNasgoMNasgor NNasgoMNasoo: MNasoo MNas10r NN3e10-MMN3620; MMas20"
NN3e30; MN3s30-NNges0. NNges0-NNaeso, NNaesoNMassos NNasso NMNae70; NNaszo-NNasso0;
MN3eg0-NN3sg0s MN3gg0~NN3700: NN3700-MN3710: NN3710-MN3720; NN3720-NMN3730; NN3730°
NN3740; MN3740-NN3750; MNa750-MNazeos MN3760-MN3770; MNa770-NNazg0; NNazeo~NNazgo;
NN3790-NN3g00; NN3goo~NNag10; NNas10-MNag20: NNag20-NNag3os NNag30~NN3ga0; NMNagao*
NN3gso; NNagso-NNageos NNasso-NNag7a; NNagro~NMNagsos MNagao~NNasgos MN3gga~NNago0s
NNagoo~NNagro: MNag10-NNag20; MN3g20-NNagans NN3g30-MN3g40; NN3gao~NNagsos NNagso-
NN3ge0; MNage0~NNag70; MN3g70-MN3gg0; MNagao-NMNaggo; MNaggo=NN4ooes NNaooo MN4o10s
NN4o10-MNs020: NNao20 MNag30r MNagao-NNagaor NNagao-NNagsos NNaoso-NMNaos0r NMNaoeo-
NNgo70, NNao70-MN40s0: NNaogo-NNaogos MNaggoMNa100: NMa100"MMa110s NMN4110-NN4120s
NN4120-M41300 MN4130-MN41400 NNg140-NN4150; NN4150-MNa160s MNa160-NNa170; NN4e70”
NN4yg0s MN4180-NN4190; NNa190-NNa200s MNa200-MNa210s NMNa2107MN4220; NNaz220 NN42305
MNy230-MN4240; NMNa240-MNa2s0; NNa2so~NNyz60; MNa2eo-NNaz70; MNa270-MN4a280; NNazgo
MN4290; MNa290-MMN4a300; MNa300MNaz10: MNag10-MNaa20s MNag20-NNazz0r NNaaso~NNazaos
MN4340-NNy3sos NNagsoNNageos MNagso NMNagzor NMaa70-MNazsos NMNazso-NMNazgo; NNazgo”
MNya00s MNaaooMNas10s NMNasa10-NNaa20; NNaa20-MNasa0; NNasz0™MNass0s NNass0-NNaasos
NN4as50-NNass0r MNasgoNNaaz0s MNas70-NNasgos MNaago-NNasgos NNaagoNNasoos MMasoo”
NNys10; NNgs10-MNas20: NNys20-MNas300 MNas30-MNasa00 MN4sa0NNass0: MNasso™NNaseos
NNys60-NN4s70: NNys70-NNasgos NNysgo~NNasgo; MNasgo-NNasoor MNasoo~NNasios NNas10”
NN4g20: NNag20-NN4e30; NMNas30~NNsga0r MNagag-MNagsor NNasso-NNassos NMasso-NNas70s
NN4g70-NNasgos NNassoNNasgos NNasao™NN4z00; NNa700-MMNaz10s NNa710-NN4g720: NN4720"
NN4730; NN4730-NN47400 NN4740-NNa750; NN4750-NN47600 NN4760NN4770, NN4770-NN4780)
NN47g0-NN4790: NN4790-NMNagoos NNagoo~NMMag1os NNag10-NNeg20: NNag2o-NMNagzos NNagso”
NN4gao; NNagao-NNagsgy NNagso-NNagsos NNagso~MNagror NN4ag7oMNaggos NNaggo-NNaggos
NN4gg0-NN4goos NNagoo~NNagros NNag10-NNag20s NNag2o~NNagzes NNagzo~NNagaos NNagao-
NN4gs0; MNagsoMNageos NNagso-NMNag7o; MNag70-NMNageos MMaggo™MMaggo: NMnsooo-NNnsot0s
NNsp10-NNsp20: MNs20-MNs030; NNs030-NNs040; MNspa0~MNsos0: MNs050-MNs060s NMNs060™
NNso70: NNsg70-NNspg0s NNsogoNNsogor NMNsogo-MNs100s MNs100-MNs1105 NNs110-NN51205
NNs120-NNs5130; NNs130-NN5140: NN5140-MN5150; MN5150-MN5160: MN5160-NNs5170s NN5170"
MNg480; NNs180~NMNs190: NNs190-MNs200: NMs200-MMNs210; MNs210-NNs220; MN5220-NNs230;
MNs5230-NNs240; NNs240-NNs250, NNs250-MNs260s NNs260-NNs270: NMN5270-MNs5280; MNNs280"
MNs2g0; MNs290NMNs300; NNs300-NMNs310: MNs310-Ms320: MNs320MMNs330: MNs330-NN53405
NN5340-MNs350; MNsaso-NNs3g0: NMNs3s0-NNs370; MNs370-NNs380; NNs3go~MNs3gos NMsago”
NNs400; NMNs400MNsa10s NNs410-MNsa20; NMNs420-MMN5a305 MNs430MNs54405 NMN5440-NNs450;8
NNs450-NNsss0; MNsago=NNsa70: NNssa70-NNsag0r MNsago~NNsag0s MNsago=NNssoos NMNssoo”
MNss10; NNs510MNss20; NMNss20-NNss30; MNss30-NMNss540; NNssa0-NNsss0; NNssso-NNssens
NNsse0-NNss70; NMNss70-NNssgos NNssgo-NNssges MNssgo-NMNseo0s MMssoo-NNss10 NNss10”
NNsg20; NN320-NNsga0; NNsgao~NNsga0s NNsea0~NNses0; NNsesg-NNsesos NNseso~MNse70
NNgg70-NNsea0s NNsggoNNsggos NMNsegoNNs700s NNs700NMNs710; MNs710-NNs720; NNs720”
NNs730; NNs730-NN5740; NNs740-NNs750; NNs750-NNs760: NNs760-NNs770s NNs770-NMNs7805
MNs5780-NNs790; NNs790~NNsgo0; NNsgoo™MNsgio; NNsg10-NNsg20: NMNsgeo=NNsg30: NMNsgao”
NNsg4g; NNsgag=NNsgses NNsgso-NNsgsor NNsgeo-NNsazos NNsgro~NNsggos NMNsggoNMNsagos
NNsggo=NNsgoos NNsgoo~NNsg10; NNsg10-MMNsg200 NNsg20-MNsgans MNsgo=NNsgans NNsgao-
NNsgsg; NNsgso=NNsggos NNsgso-NMNsgz0: NNsg70-MNseg0: NNs980- M990 NNs990-NNe000s
NNgooo-NNso10: NNgo10-NNeo20: NMeoz0-NNso30r NNgoso~MNsos0r NNeoao~NNsosos NMeoso™
NNgosos NMNeoso~NNsg70s NNeozo-NNs0s0: NNsoso-NNeogos NMNeogoMMe100s NNe1o0-NMNs110s
NNg110-MNg120: NNg120-NNg130: NNe130-NNg140: NNg140-NNs1s0; NNg1s0-NNe160: MNe160”
NNg170: NNg170"NNg180; NNe180™Ne190; MNe190-MMs200: NMs200-NMs210; MNs210-NM62208
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NNeaoo-NNg230r MNe230-MNe240s MNe2407NMMe250; MNe2s0-MMe260; NMs260-MNe270: NNe270"
NNgpgo; NMNg2so-NNe290; NNe290-NMNe300; MNe3oo MNea1os MNea10-MNe3z0s NMe320~MNe330s
NNg330-NNe3s0; MNe3a0-NNeasos NNeaso-NNe3sas NNeago-NNeazos NNeazo~NNe3sos NMesso”
NNgago; MNeago-MNeaoo; NNeaoo~MNea10; NNeato™MNeazes MNea2o-NNeasos NNeaszo NNessos
NNeas0-NNessor NNeasoMNessor NNeaso-NNea70r NNeazo-NNesgor NMMeago™MNeagos MNeago”
NNgsoo; MNesco-MNes10; NNes10-MNes20; MNesa0"MNesaas NNesao-NMesa0s NNes4o™MNMNess0s
NNgsso-NNaseos MNesso-NNes7os NNes70-NMesgar NMesgo MMNesgos NMesso-MNesoos MNesoo”
NNgs10; NNesto-MNes20s NNes20-MNss30s NMNesao-NNesa0s NMMesso-MNessos NMeeso-NNese0s
NNgggo-NNes70s MNes70-NNesgor NNesso-NMessor NMesgo=MNe700s MMe700-MNe710; NMNe710”
NNg720; NNg720-MNe730; NNg730-MN6740; NNe740-MNe750: NNe750-MN6760; NN6760™NMMN6770s
NNg770-NNe780s NNe780-NNe7g0: NNe790-MMes00s NNegooMNes10: MNeg10-NNea20: MMes20”
NNggao; NNsaao-NNea40s MNegao Measor NMeaso-NMessor NMesgsoMMes70; NNeszoMMessos
NNgago-NNeagos MNegao-NNego0; NMNegooNMegtor MNegto~MMeg20: MMeg20™MMegsos MMego™
NNagao; NNegao-NNegso; NNggso-NNsgsos MMNegso-NMegz0: NNegzo-NNeggos NNegsoMMegons
NNgggo-NN7000: MN7000-MN7010; NN7010-NN7020; MN7020"MN7030: NN7030™MN7040i NN7040"
NNsgs0; NN7gs0-MN70s0; MN7080-NN70707 MN7070-NM7080; NN7080-MN7080; MN7090-MMN7100s
NNo100-MN7110: NN7110-MN7120; MN7120-MN7930; NMN7130-NN7140: NN7140"MN7150; NN7150°
NNoyg0; NN7150-NN7970; NN7170-NN7180; NN7180-NN7100; NMN7190~MNN7200; NN7200-MN7210s
NN7210-MN7220s NMN7220-MN7230; NMN7230-NMN7240; NN7240-MN7250; NN7250-MN7260; NN7260"
NNy270; NN7270-MN7280; NN7280-NN7290; MN7290-NN7300; MN7300-MN73105 NN7310-NMN73200
NN7320-NN7330: NN7330-MN7340; NN7340-NN73s50; NN7350-NN7360: NN7360"MN7370; NN7370"
NN7380; NN73g0-NN73g0; NMN73g0-NN74000 MN7400-MN7410; NN7410-MN7420; MN7420MN74305
NN7430-NN7440; MN7440-MN7450; MN7450-MN7460; NN7460-MN7470; NN7470"MN7480; MN7480"
NN7490; NN7490-MM7500; NN7500-NMN75100 MN7510-MMN7520; NN7520-MN7530; NN7530"NN7540s
NNo540-NN7ss0r NN7550-NN7560; NN7560-MN7570; NN7570-NN7580; NMN7580"MN7590; MM7590"
NN7600; NN7600-NN7610; NN7610-NMN76205 NN7620-MMN7630; MN7630-NMN7640; NN7640 NMN786500
NN5es0-NN76s0s MN76s0-NN7670; NN7670-NN7680; MN7680-NMN7890; MN7690-MN7700s NN7700”
NN7710; NN7710-NN7720; NN7720-NMN7730; MN7730-MN7740; NN7740"MN7750; NN7750 MN77608
NNo760-NN7770s NN7770-NN7780; NN7780-NMN7790; NN7790~NMN7800; NN7800-MN7810; NMN7810
NNygo0; MN7gag-NN7830; NN7g30-NN7g70; NN7870-NN78s0; NN7gs0-NN7860: NN7860-NN7870s
NN7g70-NMN7ages NN7ggo-NN7gg0; NN78g0-MMN7900: NN7900-MN7510: NN79107MMN7820; NN7920”
NN7g30; NN7g3g-NN7g40; NMN7g40-NN7950; NMN79507MMN7960; NN7960-MMN7970; NMN7970-MM79805
NN-gg0-NN7gg0s MN7990-NNgooos MMaooo~NNeo10s MNgo10-NNgoz0: MMaoz0~MMeoso; MNeoso™
NNgosos MNaoao-NNgoso; NNgoso-NNeosos NNeoso™NNgo70r NMao70-NNgosos MMaogo-NNaogos
NNgogo-NNa100; NNa1og-NNg110; MMa110-NNg120i NNg120-NNgy30; NNg130-NMe140; NNg140”
NNgqs0; NNa1so-NNg1s0; NNgigo-NNg170; NNa170-NNg1go; NNg1go-NNg1g0; NNa190-NMe200s
NNgaoo-NNg210r NNg21g-NMNg220; MNg220-NNe23os MNga3o-NNg240; MNg240-NNg250; NMg2s0”
NNgas0; MNasgo-NNg270; MNg270-MMgog0; NNg2go~MNg2ge; NMgago~NNg3o0s MMeaoo™MMNa310s
NNg310-NNgaze; NNeazo~MNeasos MNaaso-NNeas0s NNgasoNNeasos NNgaso-NNeaso; NNeaso™
NNg370; MNag7o-NNgago; NNaago-NMsagos NNaago™NNaacor NMeaoo-NMesr0r NNearo-NMNaazos
NNga20-NNgazor NNgaso-NNgados NNaaso-MMNeaso; NNgaso-NNgas0s NMgaso NNeaz0; NMaaz0”
NNgago; NNgago-NNaago; NNeago-NNesoos MNasoo-MNesio; NMes1o™NNesz0: MMas20™MMNas30s
NNgsao-NNgssor NNgsag-NNgssos NMNasso-NNeseos NNessoNNgs7os NNas7o-NNesgor NMaseo™
NNgsgo; NNgsgo-NNgsoo; MNesoo-NNas10s MNesto-NMNegs20; NMgs20-MNgssos NMesao-NMas40s
NNggao-NNgssor NNgeso-NNgesos NNasso NNas70; NMge70-NMasgos NNaeso-NMNessor MMasgo™
NNg700; NNg700-MNg710; NNa710-NNg720s MN720-MNg730; NNg730-NNg740; NNe740-MMNe7505
NNg7s0-NNg760: NNg760-NNa780r NN7770-NNg780; NNg780-Ma790; NNg790-MMagoos NM7800"
NNga10; NNag1o-MMag20; NNas20"MNaga0; NNgado-NNggzos NNaazo™NNgaso: MMasso-NMsssor
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NNgggo~NNgg7o; NNgazo-NNaggo; NMNegso-NNaggas MNNeago~NNagoo: NMNggoo-NNagios NMNegio
NNggoo; NNggoo~NNggao; MNagao-NNggzos NNag70-MNggso; MNggso~NNagsos NMNagso-NMag70s
NNgg79-NNgggo; NNagao-NNaggos MNageo-NMNgooos NNgooo-NNgo10s NNgo10-NMNgo20 MNgo20”
NNgaag; NNggag~NNgo40s NNgoso-NNgosos MNMNgoso-NNgoso-

3. Oligomérs péc 1. punkta, kas atskiras ar to, ka mérka seciba veidota
no secibas, kas ir komplementara vismaz 8 nukleotidu secibai konservativaja
HCV nukleotidu seciba HCV RNS.

4. Oligomérs péc 3. punkta, kas atskiras ar to, ka konservativa seciba
atrodas nukleotidu seciba ap 200. vietu no 5’ gala 18. zim.

5. Qligomérs péc 3. punkta, kas atskiras ar to, ka konservativa seciba
atrodas nukleotidu seciba no apméram 4000. vietas lidz 5000. vietai 18. zim.
6. Oligomérs péc 3. punkta, kas atskiras ar to, ka konservativa seciba
atrodas nukleotidu seciba no apméram 8000. vietai lidz 9040. vietai 18. zim.

7. Qligomérs péc 3. punkta, kas afskiras ar to, ka konservativd seciba
atrodas nukleotidu secibd no apméram -318. vietas lidz apméram 174. vietai
18. zim.

8. Oligomérs péc 3. punkta, kas atskiras ar to, ka konservativd seciba
atrodas nukleotidu seciba no apméram 4056. vietas lidz 4448. vietai.

9. Oligomérs péc 3. punkta, kas atskiras ar to, ka konservativd seciba
atrodas nukleotidu seciba no apméram 44378. vietas lidz 4902. vietai.

10. Qligomérs péc 3. punkta, kas atskiras ar to, ka konservativd seciba
atrodas nukleotidu seciba no apméram 4042. vietas lidz 4059. vietai.

11. Oligomérs péc 3. punkta, kas atskiras ar to, ka konservativd seciba
atrodas nukleotidu seciba no apméram 4456. vietas lidz 4470. vietai.

12. Qligomérs péc 3. punkta, kas atskiras ar to, ka konservativa seciba
atrodas nukleotidu seciba no apméram 8209. vietas lidz 8217. vietai. .

13. Oligomérs péc jebkura no 3.-12. punktiem, kas atskiras ar to, ka tas ir
saisti38anas zonde.

14.  QOligomérs péc jebkura no 3.-12. punktiem, kas atskiras ar to, ka tas ir
iezimé3anas zonde.

15. QOligomérs péc jebkura no 3.-12. punktiem, kas atskiras ar to, ka tas ir

praimers.
16. Papémiens HCV secibas identificéSanai parauga, kura var sagaidit
HCV secibas esamibu, pie kam HCV seciba satur izvélétu mérka secibu, kas

atskiras ar to, ka:



(a) sagatavo oligoméru, kas spéj hibridizéties ar HCV secibu parauga
polinukleotidu kédé, pie kam oligomérs satur HCV saistoSo mérka secibu
atbistosi jebkuram no iepriek3é&jiem punktiem;

(b)  inkubé parauga ké&di ar posma (a) minéto oligoméru, laujot veidoties
specifiskiem hibridizacijas dupleksiem starp saistoSo mérka secibu un mérka
secibu; un

(c)  nosaka hibridus, kas izveidojusies starp oligoméru un mérka secibu, ja
paraugs tadu ir saturéjis.

17. Papémiens péc 16. punkta, kas atSkiras ar to, ka papildus paredz to,
ka:

(a) . pagatavo oligoméru komplektu, kuri kalpo par praimeriem polimerazes
kédes reakcijai un kuri atrodas blakus mérka rajonam;

(b)  pavairo mérka rajonu ar polimerdzes kédes reakciju.

18. Reagents HCV mérka secibas identificé$anai parauga kédé, kas satur
oligoméru péc jebkura no 1.-15. punktiem piemérota iesainojuma.

19. Papémiens no HCV brivu asinu sagatavo$anai, kas atskiras ar to, ka
tas ietver:

(@) nukleinskabju parauga sagatavoSanu no asinu krajuma, kurd var
sagaidit HCV mérka secibu;

(b)  oligoméra pagatavoanu, kur$ spéj hibridizéties ar HCV secibu
parauga polinukleotida kédé, ja tdda seciba parauga atrodama, pie kam
oligomérs satur HCV mérka saistiSanas secibu péc jebkura no 3.-15.
punktiem,

(c) posmos (a) un (b) sagatavoto sastavdaju savieno$anu tados
apstaklos, kas |auj veidoties polinukleotidu dupleksam starp mérka
saisti$anas secibu un mérka secibu, ja tada ir parauga;

(d)  dupleksa detektésanu, ja tads izveidojies posma (c); un

(e) asinu krajuma saglabasanu, ‘ja posma (d) nedetekté kompleksa
veido$anos.
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NANBV DIAGNOSTICS: POLYNUCLEOTIDES USEFUL
FOR SCREENING FOR HEPATITIS C VIRUS

Technical Field

The invention'relates to materials and
methodologies for managing the spread of non-A, non-B
hepatitis virus (NANBV) infection. More specifically, it
relates to an etiologic agent of non-A, non-B hepatitis
(NANBH) , hepatitis C virus (HCV), and to polynucleotides
and analogs thereof, which are useful in assays for the

detection of HCV in biological samples.
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Background Art

Non-A, Non-B hepatitis (NANBH) is a
transmissible disease or family of diseases that are
believed to be viral-induced, and that are distinguishable
from other forms of viral-associated liver diseases,
including that caused by the known hepatitis viruses,
i.e., hepatitis A virus (HAV), hepatitis B virus (HBV),
and delta hepatitis virus (HDV), as well as the hepatitis
induced by cytomegalovirus (CMV) or Epstein-Barr virus
(EBV). NANBH was first identified in transfused
individuals. Transmission from man to chimpanzee and se-
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rial passage in chimpanzees provided evidence that NANBH
is due to a transmissible infectious agent or agents.

Epidemiologic evidence is suggestive that there
may be three types of NANBH: the water-borne epidemic
type; the blood or needle associated type; and the
sporadically occurring (community acquired) type.
However, the number of agents which may be the causative
of NANBH are unknown.

There have been a number of candidate NANBV.
See, for example the reviews by Prince (1983), Feinstone
and Hoofnagle (1984), and Overby (1985, 1986, 1987) and
the article by Iwarson (1987). However, there is no proof
that any of these candidates represent the etiological
agent of NANBH.

The demand for sensitive, specific methods for
screening and identifying carriers of NANBV and NANBV
contaminated blood or blood products is significant.
Post-transfusion hepatitis (PTH) occurs in approximately
10% of transfused patients, and NANBH accounts for up to
90% of these cases. The major problem in this disease is
the frequent progression to chronic liver damage (25-55%).

Patient care as well as the prevention of
transmission of NANBH by blood and blood products or by
close personal contact require reliable screening,
diagnostic and prognostic tools to detect nucleic acids,
antigens and antibodies related to NANBV.

Methods for detecting specific polynucleotides
by hybridization assays are known in the art. See, for
example, Matthews and Kricka (1988), Analytical Bio-
chemistry 169:1; Landegren et al. (1988), Science 242:229;
and Mittlin (1989), Clinical chem. 35:1819. U.S. Patent
No. 4,868,105, issued Sept. 9, 1989, and in E.P.O.
Publication No. 225,807 (published June 16, 1387).

Applicant discovered a new virus, the Hepatitis
C virus (HCV), which has proven to be the major etiologic
agent of blood-borne NANBH (BB-NANBH). Applicant’s
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initial work, including a partial genomic sequence of the
prototype HCV isolate, CDC/HCV1 (also called HCV1), is
described in E.P.0O. Publication No. 318,216 (published 31
May 1989) and PCT Pub. No. WO 89/04669 (published 1 June
1989). The disclosures of these patent applications, as
well as any corresponding national patent applications,
are incorpordted herein by reference. These applications
teach, inter alia, recombinant DNA methods of cloning HCV
sequences, HCV probe diagnostic techniques, anti-HCV anti-
bodies, and methods of isolating new HCV sequences.

Disclosure of the Invention
The present invention is based on HCV sequences

described in E.P.0. Publication HNo. 318,216 and in PCT
Pub. No. WO 89/04669, as well as other HCV sequences that
are described herein. Methods for isolating and/or
detecting specific polynucleotides by hybridization could
not be used for screening for HCV until Applicants’
discovery of HCV. Accordingly, one aspect of the inven-
tion is an oligomer capable of hybridizing to an HCV
sequence in an analyte polynucleotide strand, wherein the
oligomer is comprised of an HCV targeting sequence com-
plementary to at least 4 contiguous nucleotides of HCV
cDNA shown in Fig. 18.

Another aspect of the invention is a process for
detecting an HCV sequence in an analyte strand suspected
of containing an HCV polynucleotide, wherein the HCV
polynucleotide comprises a selected target region, said
process comprising:

(a) providing an oligomer capable of hybridizing
to an HCV sequence in an analyte polynucleotide strand,
wherein the oligomer is comprised of an HCV targeting
sequence complementary to at least 4 contiguous
nucleotides of HCV cDNA shown in Fig. 18

(b) incubating the analyte strand with the
oligomer of (a) which allow specific hybrid duplexes to
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form between the targeting sequence and the target

sequence; and
(d) detecting hybrids formed between target

region, if any, and the oligomer.

Yet another aspect of the invention is a method
for prepafing blood free of HCV comprising:

(a) providing analyte nucleic acids from a
sampie of blood suspected of containing an HCV target
sequence;

(b) providing an oligomer capable of hybrid-
izing to the HCV sequence in an analyte polynucleotide
strand, if any, wherein the oligomer is comprised of an
HCV targeting sequence complementary to a sequence of at
least 8 nucleotides present in a conserved HCV nucleotide

sequence in HCV RNA;
(c) reacting (a) with (b) under conditions

which allow the formation of a polynucleotide duplex
between the targeting sequence and the target sequence, if
any;

(d) detecting a duplex formed in (c), if any;
and '

(e) saving the blood from which complexes were

not detected in (d).

Brief Description of the Drawings

Fig; 1 shows the sequence of the HCV cDNA in
clone 12f, and the amino acids encoded therein.

Fig. 2 shows the HCV cDNA sequence in clone k9-
1, and the amino acids encoded therein. ‘

Fig. 3 shows the sequence of clone 15e, and the

amino acids encoded therein.
Fig. 4 shows the nucleotide sequence of HCV cDNA

in clone 13i, the amino acids encoded therein, and the
sequences which overlap with clone 12f.
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Fig. 5 shows the nucleotide sequence of HCV cDNA
in clone 26j, the amino acids encoded therein, and the
sequences which overlap clone 1l3i.

Fig. 6 shows the nucleotide sequence of HCV cDNA
in clone CA59a, the amino acids encoded therein, and the
sequences which overlap with clones 26j and K9-1.

Fig. 7 shows the nucleotide sequence of HCV cDNA
in clone CAB4a, the amino acids encoded therein, and the
sequences which overlap with clone CAS59%a.

Fig. 8 shows the nucleotide sequence of HCV cDNA
in clone CAlS6e, the amino acids encoded therein, and the
sequences which overlap with CAB84a.

Fig. 9 shows the nucleotide sequence .of HCV cDNA
in clone CAl67b, the amino acids encoded therein, and the
sequences which overlap CAl5é6e. .

Fig. 10 shows the nucleotide sequence of HCV
cDNA in clone CA216a, the amino acids encoded therein, and
the overlap with clone CAl67b.

Fig. 11 shows the nucleotide sequence of HCV
cDNA in clone CA290a, the amino acids encoded therein, and
the overlap with clone CA216a.

Fig. 12 shows the nucleotide sequence of HCV
cDNA in clone ag30a and the overlap with clone CA290a.

Fig. 13 shows the nucleotide sequence of HCV
cDNA in clone CA205a, and the overlap with the HCV cDNA
sequence in clone CA290a.

Fig. 14 shows the nucleotide sequence of HCV
cDNA in clone 18g, and the overlap with the HCV cDNA
sequence in clone ag30a. '

Fig. 15 shows the nucleotide sequence of HCV
cDNA in clone 16jh, the amino acids encoded therein, and
the overlap of nucleotides with the HCV cDNA sequence in
clone 15e.

Fig. 16 shows the nucleotide sequence of HCV
cDNA in clone 6k, the amino acids encoded therein, and the
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overlap of nucleotides with the HCV cDNA sequence in clone
16jh.

Fig. 17 shows the nucleotide sequence of HCV
cDNA in clone pl3ljh, the amino acids encoded therein, and
the overlap of nucleotides with the HCV cDNA sequence in
clone 6k. '

Fig. 18 shows the the compiled HCV cDNA sequence
derived from the clones described herein and from the
compiled HCV cDNA sequence presented in E.P.O. Publication
No. 318,216. The clones from which the sequence was
derived are 5'-clone32, bll4a, 18g, ag30a, CA205a, CA290a,
CA216a, pild4a, CAl67b, CAl56e, CAB4a, CAS9a, K9-1 (also
called k9-1),263j, 13i, 12f, 14i, 11b, 7f, 7e, 8h, 33c,
40b, 37b, 35, 36, 81, 32, 33b, 25¢, l4c, Bf, 33f, 33q,
39¢c, 35f, 19g, 26g, 15e, b5a, 16jh, 6k, and pl3ljh. In
the figure the three horizontal dashes above the seguence
indicate the position of the putative initiator methionine
codon. Also shown in the figure is the amino acid
sequence of the putative polyprotein encoded in the HCV
cDNA. Heterogeneities in cloned DNAs of HCV1 are
indicated by the amino acids indicated above the
putatively encoded sequence of the large ORF; the
parentheses indicate that the heterogeneity was detected
at or near to the 5'- or 3'- end of the HCV cDNA in the
clone.

Fig. 19 shows the sequences of capture and label
probes for the detection of HCV RNA in biological samples.
Fig. 20 shows schematic alignment of a

flaviviral polyprotein and a putative HCV polyprotein
encoded in the major ORF of the HCV genome. Also
indicated in the figure are the possible functions of the
flaviviral polypeptides cleaved from the flaviral
polyprotein. In addition, the relative placements of the
HCV polypeptides, NANB; ,_, and C100, with respect to the
putative HCV polyprotein are indicated.
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Fig. 22 shows the double-stranded nucleotide
sequence of the HCV cDNA insert in clone 81, and the puta-
tive amino acid sequence of the polypeptide encoded
therein.

Fig. 23 shows the HCV cDNA sequence in clone 36,
the segment which overlaps the NANBV cDNA of clone 81, and
the polypeptide sequence encoded within clone 36.

Fig. 24 shows the HCV cDNA sequence in clone
37b, the segment which overlaps clone 35, and the
polypeptide encoded therein.

Fig. 25 shows autoradiographs of the HCV cPCR
assay on RNA derived from liver samples of chimpanzees
with NANBH (Fig. 25A) and on Italian patients with NANBH
(Fig. 25B). }
Fig. 26A and 26B are graphs showing the temporal
relationship between the display of liver damage, the
presence of HCV RNA, and the presence of anti-HCV antibod-
ies for two chimpanzees with NANBH.

Fig. 27 shows the nucleotide sequence of HCV
cDNA in clone CA84a, the amino acids encoded therein, and
the sequences which overlap with clone CAS59%a.

Fig. 28 shows the HCV cDNA sequence in clone
40b, the segment which overlaps clone 37b, and the
polypeptide encoded therein.

Fig. 29 is an autoradiograph showing the labeled
amplified products of approximately 300, 30, and 3 CID of
HCV genomes. '

Fig. 32 shows the nucleotide sequence of HCV
cDNA in clone 40a.

Fig. 33 is an autoradiograph showing amplified
products extended from primers derived from conserved
regions of the HCV genome.

Fig. 34 shows the HCV cDNA sequence in clone 35,
the segment which overlaps clone 36, and the polypeptide
encoded therein.
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Fig. 37 is a diagram showing the relationship of
probes and primers derived from the 5’-region of HCV RNA,
from which the HCV cDNAs in clones ag30a and k9-1 are
derived.

Fig. 38 is an autoradiograph of amplified
products extended from sets of primers derived from ag30a
and k9-1.

Fig. 39 shows the aligned nucleotide seguences
of human isolates 23 and 27 and of HCVl1l. Homologous
sequences are indicated by the symbol (*). Non homologous
sequences are in small letters. '

Fig. 40 shows the aligned amino acid sequences
of human isolates 23 and 27 and of HCV1. Homologous
sequences are indicated by the symbol (*). Non homologous
sequences are in small letters.

Fig. 41 shows a half-tone reproduction of an
autoradiograph of a Northern blot of RNA isolated from the
liver of a BB-NANBV infected chimpanzee, probed with BB-
NANBV cDNA of clone 81.

Fig. 43 shows a half-tone reproduction of an
autoradiograph of nucleic acids extracted from NANBV
particles captured from infected plasma with anti-NANBs_l_
17 and probed with 32P-labeled NANBV cDNA from clone B81.

Fig. 44 shows reproductions of autoradiographs
of filters containing isolated NANBV nucleic acids, probed
with 32P-labeléd plus and minus strand DNA probes derived
from NANBV cDNA in clone E1l.

Fig. 46 shows the nucleotide consensus sequence
of human isolate 23, variant sequences are shown below the
sequence line. The amino acids encoded in the consensus
sequence are also shown.

Fig. 47 shows the nucleotide consensus sequence
of human isolate 27, variant sequences are shown below the
sequence line. The amino acids encoded in the consensus

sequence are also shown.
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Fig. 48 is a graph showing the relationship of
the EnvL and EnvR primers to the model flavivirus
polyprotein and putative HCV polyprotein.

Fig. 49 shows a comparison of the composite
aligned nucleotide seguences of isolates Thorn, EC1l, HCT
#18, and HCVI. '

Fig. 50 shows a comparison of the nucleotide
sequences of EC10 and a composite of the HCV1 sequence;
the EC10 sequence is on the line above the dots, and the
HCV1 sequence is on the line below the dots.

Fig. 51 shows a comparison of the amino acid
sequences 117-308 (relative to HCV1) encoded in the "EnvL"
regions of the consensus sequences of human isolates HCT
#18, JH23, JH 27, Thorne, EC1l, and of HCV1.

Fig. 52 shows a comparison of the amino acid
sequences 330-360 (relative to HCV1l) encoded in the "EnvR"
regions of the consensus sequences of human isolates HCT
#18, JH23, JH 27, Thorne, ECl, and of HCV1.

Fig. 53 shows the nucleotide sequences of
individual primers in primer mixture 5'-3.

Modes for Carrying Out the Invention

The term "hepatitis C virus" (HCV) has been
reserved by workers in the field for an heretofore unknown
etiologic agent of NANBH. The prototype isolate of HCV
has been identified in U.S.S.N. 122,714 (See also E.P.O.
Publication No. 318,216). The term HCV also includes new
isolates of the same viral species. As an extension of
this terminology, the disease caused by HCV, formerly
called blood-borne NANB hepatitis (BB-NANBH), is called
hepatitis C. The terms NANBH and hepatitis C may be used
interchangeably herein.

HCV is a viral species of which pathogenic
strains cause BB-NANBH. There may also be attenuated
strains or defective interfering particles derived
therefrom. As shown infra, the HCV genome is comprised of
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RNA. It is known that RNA containing viruses have
relatively high rates of spontaneous mutation, i.e.,
reportedly on the order of 1073 to 1074 per incorporated
nucleotide (Fields & Knipe (1986)). Therefore, since
heterogeneity and fluidity of genotype are inherent in RNA
viruses, there are multiple strains/isolates, which may be
virulent or avirulent, within the HCV species. The
compcsitions and methods described herein, enable the
propagation, identification, detection, and isolation of
the various HCV strains or isolates.

Several different strains/isolates of HCV have

been identified. (See infra). One such strain or
isolate, which is a prototype, is named CDC/HCV1 (also
called HCV1). Information from one strain or isolate,

such as a partial genomic sequence, is sufficient to allow
those skilled in the art using standard techniques to
isolate new strains/isolates and to identify whether such
new strains/isolates are HCV. For example, several dif-
ferent strains/isolates are described infra. These
strains, which were obtained from a number of human sera
(and from different geographical areas), were isolated
utilizing the information from the genomic sequence of
HCV1.

Using the techniques described in E.P.O.
Publication No. 318,216 and infra, the genomic structure
and the nucleotide sequence of HCV1 genomic RNA has been
deduced. The genome appears to be single-stranded RNA
containing ~10,000 nucleotides. The genome is positive-
stranded, and possesses a continuous, translational open
reading frame (ORF) that encodes a polyprotein of about
3,000 amino acids. In the ORF, the structural protein(s)
appear to be encoded in approximately the first quarter of
the N-terminus region, with the majority of the
polyprotein responsible for non-structural proteins. When
compared with all known viral sequences, small but
significant co-linear homologies are observed with the
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non-structural proteins of the flavivirus family, and with
the pestiviruses (which are now also considered to be part
of the Flavirus family).

A schematic alignment of possible regions of a
flaviviral polyprotein (using Yellow Fever Virus as an
example), and of a putative polyprotein encoded in the
major ORF of the HCV genome, is shown in Fig. 20. In the
figure2 the possible domains of the HCV polyprotein are
indicated. The flavivirus polyprotein contains, from the
amino terminus to the carboxy terminus, the nucleocapsid
protein (C), the matrix protein (M), the envelope protein
(E), and the non-structural proteins (NS) 1, 2 (a+b), 3, 4
(a+b), and 5. Based upon the putative amino acids encoded
in the nucleotide sequence of HCV1, a small doﬁain at the
extreme N-terminus of the HCV polyprotein appears similar
both in size and high content of basic residues to the
nucleocapsid protein (C) found at the N-terminus of
flaviviral polyproteins. The non-structural proteins
2,3,4, and 5 (NS2-5) of HCV and of yellow fever virus
(YFV) appear to have counter parts of similar size and
hydropathicity, although there is divergence of the amino
acid sequences. However, the region of HCV which would
correspond to the regions of YFV polyprotein which
contains the M, E, and NS1 protein not only differs in
sequence, but also appears to be quite different both in
size and hydropathicity. Thus, while certain domains of
the HCV genome may be referred to herein as, for example,
NS1, or NS2, it should be borne in mind that these
designations are speculative; there may be considerable
differences between the HCV family and flaviviruses that
have yet to be appreciated.

Different strains, isolates or subtypes of HCV
are expected to contain variations at the amino acid and
nucleic acids compared with HCV1. Many isolates are
expected to show much (i.e., more than about 40%) homology
in the total amino acid sequence compared with HCV1.



10

15

20

25

30

35

-16-

However, it may also be found that there are other less
homologous HCV isolates. These would be defined as HCV
according to various criteria such as, for example, an ORF
of approximately 9,000 nucleotides to approximately 12,000
nucleotides, encoding a polyprotein similar in size to
that of HCV1, an encoded polyprotein of similar hydro-
phobic and/or antigenic character to that of HCV1, and the
presence of co-linear peptide sequences that are conserved
with HCV1. In addition, it is believed that the genome
would be a positive-stranded RNA.

All HCV isolates encode at least one epitope
which is immunologically identifiable (i.e., im-
munologically cross-reactive) with an epitope encoded in
the HCV cDNAs described herein. Preferably the epitope is
contained in an amino acid segquence described herein and
is unique to HCV when compared to previously known
pathogens. The uniqueness of the epitope may be
determined by its immunological reactivity with anti-HCV
antibodies and lack of immunological reactivity with anti-
bodies to known pathogens.

HCV strains and isolates are evolutionarily
related. Therefore, it is expected that the overall
homology of the genomes at the nucleotide level may be
about 40% or greater, probably will be about 50% or
greater, probably about 60% or greater, and even more
probably about B80% or greater; and in addition that there
will be corresponding contiguous sequences of at least
about 13 nucleotides. It should be noted, as shown infra,
that there are variable and hypervariable regions within
the HCV genome; therefore, the homology in these regions
is expected to be significantly less than that in the
overall genome. The correspondence between the putative
HCV strain genomic sequence and, for example, the CDC/HCV1
cDNA sequence can be determined by techniques known in the
art. For example, they can be determined by a direct
comparison of the sequence information of the
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polynucleotide from the putative HCV, and the HCV cDNA
sequence(s) described herein. They also can be determined
by hybridization of the polynucleotides under conditions
which form stable duplexes between homologous regions (for
example, those which would be used prior to Sl digestion),
followed by digestion with single stranded specific
nuclease(s), followed by size determination of the
digested fragments.

Because of the evolutionary relationship of the
strains or isolates of HCV, putative HCV strains or
isolates are identifiable by their homology at the
polypeptide level. Generally, HCV strains or isolates are
expected to be at least 40% homologous, more than about
50% homologous, probably more than about 70% homologous,
and even more probably more than about 80% homologous, and
some may even be more than about 90% homologous at the
polypeptide level. The techniques for determining amino
acid sequence homology are known in the art. For example,
the amino acid sequence may be determined directly and
compared to the sequences provided herein. Alternatively
the nucleotide sequence of the genomic material of the
putative HCV may be determined (usually via a cDNA inter-
mediate), the putative amino acid sequence encoded therein
can be determined, and the corresponding regions compared.

As used herein, a polynucleotide "derived from"
a designated sequence refers to a polynucleotide sequence
which is comprised of a sequence of approximately &t least
about 6 nucleotides, preferably at least about B8
nucleotides, more preferably at least about 10-12
nucleotides, and even more preferably at least about 15-20
nucleotides corresponding to a region of the designated
nucleotide sequence. "Corresponding"” means homologous to
or complementary to the designated sequence. Preferably,
the sequence of the region from which the polynucleotide
is derived is homologous to or complementary to a sequence
which is unique to an HCV genome. More preferably, the
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derived sequence is homologous or complementary to a
sequence that is unique to all or to a majority of HCV
isolates. Whether or not a sequence is unique to the HCV
genome can be determined by techniques known to those of
skill in the art. For example, the sequence can be
compared tO sequences in databanks, e.g., Genebank, to
determine whether it is present in the uninfected host or
other organisms. The sequence can also be compared to the
known sequences of other viral agents, including those
which are known to induce hepatitis, e.g., HAV, HBV, and
HDV, and to members of the Flaviviridae. The correspond-
ence or non-correspondence of the derived seqguence to
other sequences can also be determined by hybridization
under the appropriate stringency conditions. HYbridiza-
tion techniques for determining the complementarity of
nucleic acid sequences are known in the art, and are
discussed infra. See also, for example, Maniatis et al.
(1982). 1In addition, mismatches of duplex polynucleotides
formed by hybridization can be determined by known
techniques, including for example, digestion with a
nuclease such as S1 that specifically digests single-
stranded areas in duplex polynucleotides. Regions from
which typical DNA seguences may be "derived" include but
are not limited to, for example, regions encoding specific
epitopes, as well as non-transcribed and/or non-translated
regions. ’

The derived polynucleotide is not necessarily
physically derived from the nucleotide sequence shown, but
may be generated in any manner, including for example,
chemical synthesis or DNA replication or reverse
transcription or transcription. In addition, combinations
of regions corresponding to that of the designated
sequence may be modified in ways known in the art to be
consistent with an intended use.

The term "recombinant polynucleotide” as used
herein intends a polynucleotide of genomic, cDNA,
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semisynthetic, or synthetic origin which, by virtue of its
origin or manipulation: (1) is not associated with all or
a portion of a polynucleotide with which it is associated
in nature, (2) is linked to a polynucleotide other than
that to which it is linked in nature, or (3) does not oc-
cur in nature. '

The term "polynucleotide" as used herein refers
to a polymeric form of nucleotides of any length, either
ribonucleotides or deoxyribonucleotides. This term refers
only to the primary structure of the molecule. Thus, this
term includes double- and single-stranded DNA and RNA. It
also includes known types of modifications, for example,
labels which are known in the art, methylation, "caps",
substitution of one or more of the naturally occurring
nucleotides with an analog, internugleotide modifications
such as, for example, those with uncharged linkages (e.gq.,
methyl phosphonates, phosphotriesters, phosphoamidates,
carbamates, etc.) and with charged linkages (e.g.,
phosphorothicates, phosphorodithiocates, etc.), those
containing pendant moieties, such as, for example proteins
(including for e.g., nucleases, toxins, antibodies, signal
peptides, poly-L-lysine, etc.), those with intercalators
(e.g., acridine, psoralen; etc.), those containing
chelators (e.g., metals, radioactive metals, boron, oxida-
tive metals, etc.), those containing alkylators, those
with modified iinkages (e.g., alpha anomeric nucleic
acids, etc.), as well as unmodified forms of the

polynucleotide.
As used herein, the "sense strand"” of a nucleic

acid contains the sequence that has sequence homology to
that of mRNA. The "anti-sense strand" contains a sequence
which is complementary to that of the "sense strand".

As used herein, a "positive stranded genome" of
a virus is one in which the genome, whether RNA or DNA, is
single-stranded and which encodes a viral polypeptide(s).
Examples of positive stranded RNA viruses include
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Togaviridae, Coronaviridae, Retroviridae, Picornaviridae,
and Caliciviridae. 1Included also, are the Flaviviridae,
which were formerly classified as Togaviradae. See Fields
& Knipe (1986). _

The term "primer" as used herein refers to an
oligomer which is capable of acting as a point of initia-
tion of synthesis of a polynucleotide strand when placed
under appropriate conditions. The primer will be
completely or substantially complementary to a region of
the polynucleotide strand to be copied. Thus, under
conditions conducive to hybridization, the primer will
anneal to the complementary region of the analyte strand.
Upon addition of suitable reactants, (e.g., a polymerase,
nucleotide triphosphates, and the like), the primer is
extended by the polymerizing agent to form a copy of the
analyte strand. The primer may be single-stranded, or
alternatively may be partially or fully double-stranded.

The terms "analyte polynucleotide" and "analyte
strand" refer to a single- or double-stranded nucleic acid
molecule which is suspected of containing a target
sequence, and which may be present in a biological sample.

As used herein, the term "oligomer" refers to
primers and to probes. The term oligomer does not connote
the size of the molecule. However, typically oligomers
are no greater than 1000 nucleotides, more typically are
no greater than 500 nucleotides, even more typically are
no greater than 250 nucleotides; they may be no greater
than 100 nucleotides, and may be no greater than 75
nucleotides, and also may be no greater than 50
nucleotides in length.

As used herein, the term “probe” refers to a
structure comprised of a polynucleotide which forms a
hybrid structure with a target sequence, due to
complementarity of at least one sequence in the probe with
a sequence in the target region. The polynucleotide
regions of probes may be composed of DNA, and/or RNA, and/
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or synthetic nucleotide analogs. Included within probes
are "capture probes" and "label probes". Preferably the
probe does not contain a sequence complementary to
sequence(s) used to prime the polymerase chain reaction
(PCR) .

As used herein, the term "target region" refers
to a region of the nucleic acid which is to be amplified
and/or detected. The term "target sequence" refers to a
sequence with which a probe or primer will form a stable
hybrid under desired conditions.

The term "capture probe" as used herein refers
to a polynucleotide comprised of a single-stranded
polynucleotide coupled to a binding partner. The single-
stranded polynucleotide is comprised of a targeting
polynucleotide sequence, which is complementary to a
target sequence in a target region to be detected in the
analyte polynucleotide. This complementary region is of
sufficient length and complementarity to the target
sequence to afford a duplex of stability which is suf-
ficient to immobilize the analyte polynucleotide to a
solid surface (via the binding partners). The binding
partner is specific for a second binding partner; the
second binding partner can be bound to the surface of a
solid support, or may be linked indirectly via other
structures or binding partners to a solid support.

The term "targeting polynucleotide sequence" as
used herein, refers to a polynucleotide sequence which is
comprised of nucleotides which are complementary to a
target nucleotide sequence; the sequence is of sufficient
length and complementarity with the target Sequence to
form a duplex which has sufficient stability for the
purpose intended.

The term "binding partner" as used herein refers
to a molecule capable of binding a ligand molecule with
high specificity, as for example an antigen and an anti-
body specific therefor. 1In general, the specific binding
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partners must bind with sufficient affinity to immobilize
the analyte copy/complementary strand duplex (in the case
of capture probes) under the isclation conditions.
Specific binding partners are known in the art, and
include, for example, biotin and avidin or streptavidin,
IgG and protein A, the numerous known receptor-ligand
couples, and complementary polynucleotide strands. 1In the
case of complementary polynucleotide binding partners, the
partners are normally at least about 15 bases in length,
and may be at least 40 bases in length; in addition, they
have a content of Gs and Cs of at least about 40% and as
much as about 60%. The polynucleotides may be composed of
DNA, RNA, or synthetic nucleotide analogs.

The term "coupled" as used herein refers to at-
tachment by covalent bonds or by strong non-covalent
interactions (e.g., hydrophobic interactions, hydrogen
bonds, etc.). Covalent bonds may be, for example, ester,
ether, phosphoester, amide, peptide, imide, carbon-sulfur
bonds, carbon-phosphorus bonds, and the like.

The term "support" refers to any solid or semi-
solid surface to which a desired binding partner may be
anchored. Suitable supports include glass, plastic,
metal, polymer gels, and the like, and may take the form
of beads, wells, dipstics, membranes, and the like.

The term "label" as used herein refers to any
atom or moietvahich can be used to provide a detectable
(preferably quantifiable) signal, and which can be at-
tached to a polynucleotide or polypeptide.

As used herein, the term "label probe" refers to
an oligomer which is comprised of targeting polynucleotide
sequence, which is complementary to a target sequence to
be detected in the analyte polynucleotide. This com=-
plementary region is of sufficient length and
complementarity to the target sequence to afford a duplex
comprised of the "label probe" and the "target sequence”
to be detected by the label. The oligomer is coupled to a
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label either directly, or indirectly via a set of ligand
molecules with high specificity for each other. Sets of
ligand molecules with high specificity are described
supra., and also includes multimers. ‘

The term "multimer", as used herein, refers to
linear or Branched polymers of the same repeating single-
stranded polynucleotide unit or different single-stranded
polynucleotide units. At least one of the units has a
sequence, length, and composition that permits it to
hybridize specifically to a first single-stranded
nucleotide sequence of interest, typically an analyte or
an oligomer (e.g., a label probe) bound to an analyte. 1In
order to achieve such specificity and stability, this unit
will normally be at least about 15 nucleotides in length,
typically no more than about 50 nucleotides in length, and
preferably about 30 nucleotides in length; moreover, the
content of Gs and Cs will normally be at least about 40%,
and at most about 60%. In addition to such unit(s), the
multimer includes a multiplicity of units that are capable
of hybridizing specifically and stably to a second single-
stranded nucleotide of interest, typically a labeled
polynucleoctide or another multimer. These units are
generally about the same size and composition as the
multimers discussed above. When a multimer is designed to
be hybridized to another multimer, the first and second
oligonucleotidé units are heterogeneous (different), and
do not hybridize with each other under the conditions of
the selected assay. Thus, multimers may be label probes,
or may be ligands which couple the label to the probe.

As used herein, the term "viral RNA", which
includes HCV RNA, refers to RNA from the viral genome,
fragments thereof, transcripts thereof, and mutant
sequences derived therefrom.

As used herein, a "biological sample” refers to
a sample of tissue or fluid isolated from an individual,
including but not limited to, for example, plasma, serum,
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spinal fluid, lymph fluid, the external sections of the
skin, respiratory, intestinal, and genitourinary tracts,
tears, saliva, milk, blood cells, tumors, organs, and also
samples of in vitro cell culture constituents (including
but not limited to conditioned medium resulting from the
growth of cells in cell culture medium, putatively virally
infected cells, recombinant cells, and cell components).

Description of the Invention
The practice of the present invention will

. employ, unless otherwise indicated, conventional

techniques of chemistry, molecular biology, microbiology,
recombinant DNA, and immunology, which are within the
skill of the art. Such techniques are explainéd fully in
the literature. See e.g., Maniatis, Fitsch & Sambrook,
MOLECULAR CLONING; A LABORATORY MANUAL (1982); DNA CLON-
ING, VOLUMES I AND II (D.N Glover ed. 1985);
OLIGONUCLEOTIDE SYNTHESIS (M.J. Gait ed, 1984); NUCLEIC
ACID HYBRIDIZATION (B.D. Hames & S.J. Higgins eds. 1984);
the series, METHODS IN ENZYMOLOGY (Academic Press, Inc.),
particularly Vvol. 154 and Vol. 155 (Wu and Grossman, and

Wu, eds., respectively). All patents, patent applica-

tions, and publications mentioned herein, both supra and
infra, are hereby incorporated herein by reference.

The useful materials and processes of the
present invention are made possible by the identification
of HCV as the etiologic agent of BB-NANBV, and by the
provision of a family of nucleotide sequences isolated
from cDNA libraries which contain HCV cDNA sequences.
These cDNA libraries were derived from nucleic acid
sequences present in the plasma of an HCV-infected
chimpanzee. The construction of one of these libraries,
the "c* library (ATCC No. 40394), is described in E.P.O.
Publication No. 318,216.

Utilizing the above-described HCV cDNA
sequences, as well as that described herein, oligomers can
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be constructed which are useful as reagents for detecting
viral polynucleotides in biological samples. For example,
from the sequences it is possible to synthesize DNA
oligomers of about 8-10 nucleotides, or larger, which are
useful as hybridization probes to detect the presence of
HCV RNA in, for example, donated blood, blood fractions,
sera of subjects suspected of harboring the virus, or cell
culture systems in which the virus is replicating. 1In
addition, the novel oligomers described herein enable
further characterization of the HCV genome.

Polynucleotide probes and primers derived from these
sequences may be used to amplify sequences present in cDNA
libraries, and/or to screen cDNA libraries for additional
overlapping cDNA sequences, which, in turn, maf be used to
obtain more overlapping sequences. As indicated infra.
and in E.P.O. Publication No. 318,216, the genome of HCV
appears to be RNA comprised primarily of a large open
reading frame (ORF) which encodes a large polyprotein.

In addition to the above, the information
provided infra allows the identification of additional HCV
strains or isolates. The isolation and characterization
of the additional HCV strains or isolates may be ac-
complished utilizing techniques known to those of skill in
the art, for example, by isolating the nucleic acids from
body components which contain viral particles and/or viral
RNA, creating c¢DNA libraries using the oligomers described
infra., for screening the libraries for clones conataining
HCV cDNA sequences described infra., and comparing the HCV
cDNAs from the new isolates with the cDNAs described in
E.P.O. Publication No. 318,216 and infra. Strains or
isolates which fit within the parameters of HCV, as
described in the Definitions section, supra., are readily
identifiable. Other methods for identifying HCV strains
will be obvious to those of skill in the art, based upon
the information provided herein.
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Isolation of the HCV cDNA Sequences

The oligomers of the invention contain regions
which form hybrid duplex structures with targeted
sequences in HCV polynucleotides. The HCV polynucleotide
hybridizing regions of the oligomers may be ascertained
from the HCV cDNA sequence(s) provided herein, and
described in E.P.O. Publication No. 318,216. A composite
of HCV cDNA from HCV1, a prototypic HCV, is shown in Fig.
18. The composite sequence is based upon sequence
information derived from a number of HCV cDNA clones,
which were isolated from a number of HCV cDNA libraries,
including the "c" library present in lambda gtll (ATCC No.
40394), and from human serum. The HCV cDNA clones were
isolated by meéthods described in E.P.O. Publication No.
318,216. Briefly, the majority of clones which were
isolated contained sequences from the HCV c¢DNA "c" library
which was constructed using pooled serum from a chimpanzee
with chronic HCV infection and containing a high titer of
the virus, i.e., at least 106 chimp infectious doses/ml
(CID/ml). The pooled serum was used to isolate viral
particles; nucleic acids isolated from these particles was
used as the template in the construction of c¢DNA libraries
to the viral genome. The initial clone, 5-1-1, was
obtained by screening the "c" library with serum from
infected individuals. After the isolation of the initial
clone, the remainder of the sequence was obtained by
screening with synthetic polynucleotide probes, the
sequences of which were derived from the 5’'-region and the
3’-region of the known HCV cDNA sequence(s).

The description of the methods to retrieve the
cDNA sequences is mostly of historical interest. The
resultant sequences (and their complements) are provided
herein, and the sequences, or any portion thereof, could
be prepared using synthetic methods, or by a combination
of synthetic methods with retrieval of partial sequences
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using methods similar to those described in E.P.O.
Publication No. 318,216.

Oligomer Probes and Primers _

Using as a basis the HCV genome (as illustrated
in Fig. 18), and/or preferably conserved regions of the
HCV genome, oligomers of approximately 8 nucleotides or
more can be preparéd which hybridize with the positive
strand(s) of HCV RNA or its complement, as well as to HCV
cDNAs. These oligomers can serve as probes for the detec-
tion (including isolation and/or labeling) of
polynucleotides which contain HCV nucleotide sequences,
and/or as primers for the transcription and/or replication
of targeted HCV sequences. The oligomers contain a
targeting polynucleotide sequence, which is comprised of
nucleotides which are complementary to a target HCV
nucleotide sequence; the sequence is of sufficient length
and complementarity with the HCV sequence to form a duplex
which has sufficient stability for the purpose intended.
For example, if the purpose is the isolation, via im-
mobilization, of an analyte containing a target HCV
sequence, the oligomers would contain a polynucleotide
region which is of sufficient length and complementarity
to the targeted HCV sequence to afford sufficient duplex
stability to immobilize the analyte on a solid surface,
via its binding to the oligomers, under the isolation
conditions. For example, also, if the oligomers are to
serve as primers for the transcription and/or replication
of target HCV sequences in an analyte polynucleotide, the
oligomers would contain a polynucleotide region of suf-
ficient length and complementarity to the targeted HCV
sequence to allow the polymerizing agent to continue
replication from the primers which are in stable duplex
form with the target sequence, under the polymerizing
conditions. For example, also, if the oligomers are to be
used as label probes, or are to bind to multimers, the
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targeting polynucleotide region would be of sufficient
length and complementarity to form stable hybrid duplex
structures with the label probes and/or multimers to allow
detection of the duplex. The oligomers may contain a
minimum of about 4 contiguous nucleotides which are com-
plementary.to targeted HCV sequence; usually the oligomers
will contain a minimum of about 8 continguous nucleotides
which are compleméntary to the targeted HCV sequence, and
preferably will contain a minimum of about 14 contiguous
nucleotides which are complementary to the targeted HCV
sequence.

Suitable HCV nucleotide targeting sequences may
be comprised of nucleotides which are complementary
nucleotides selected from the following HCV cDNA
nucleotides, which are shown in Fig. 18, (nn_ - nn

X
denotes from about nucleotide number x to about nucleotide

number y)):

nn_340 = NR_33¢7 MN_3309 = PM_3207 MM.320 - MM_3107
nn_3;9 ~ PR_3907 MP.300 - ™.2907 MM_290 T "P-2807
nn_,gg9 = PA_y997 MN_370 ~ M_2607 M_260 ~ "f-2507
nn_sgq9 = NN_j407 M_24g9 ~ M_2307 Ml230 = MM_2207
NN_550 ~ MN_j3107 PR_239 ~ MP007 M_200 - PF-1907
nn_j9g9 - MA_jgoi MM_1go ~ M-1707 ™-o170 T "P-1607
An_160 ~ MM-1s507 PPo150 T "Po140f MMo140 T "M-1307
nn_jy30 ~ MP_j07 MPoyz0 = MMlyi0f PMoy10 T MM-100f

nn_190 ~ MM-goi MP_gp " Pf.go’ "M_go T "M-70’

nn_go ~ MN_ggi MM_gp ~ MM.sof M.sg T MM.g0’

nn_go < MA_3pf MP_3p T PMlzef MMzo T MMoyof

nn_;, - nny; nny - NNy o7 ARjg = NRy47 NN,a = NNgg
nn30 - nn40; nn4o - nnso; nnso - nnso; nn60 - nn70;
nn,qg = NRgyi NNgy = Rfggi Mgy = NNyaa7 NRygq = BRyg07
nnji0 - PPygpf MMy20 T M™My30f MM130 T MMigof

DRy40 = PRysgé MMygg ~ Mygof MMygp ~ Mi707

nnygo = RNjggi MRygg = MMyggi MRjg9p = MMpgof

nnzgg - RN210; NN21Q - NN22Q; NN220 - NN23Q7
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nn330
MN360
RMag0
nN320
M350
N3g0
nN410
NNs40
MNg20
MNg00
MNg39
MMseo
Nggp
NNea0
MNgso
MNggo
nn210
Nn749
nn270
MMgo0
MNg3p
NNggo
Nfggg
MNg20
Nfggg -
Nggo
Rnjo10 ~
nNo040
nNio070
nN100
nny130
nRy160
nNyi90
nnj220
nny2s50

nnja2go -

NRy407
nRy707
MN3007
MN3307
NN3607
Ni3907
Nn4207
M4s507
NNggo?
Mgy07
MNggo7
MNg707
MMgoo?
MNg307
Mego?
MNggo?
nn7207
Nagq7
nnsgo?
Mgi1o7
MNgaoi
MNgyo7
nngoo;
Mg307
Mgeo?
MRggp?

MNgeo

nna40
nNy70
N300
330
MN360
NN390
nN420
NRys0
NN4g0
nn510.
M40
MNs5720
MReoo
Ne30
RNg60
MNggo
fN720
Nfg59 ~
nNN,go ~
MNg10
MNg40
MNg70
MRg00
MNg39

NNggg

0207 "M1020
MMjo0s07 "M1050
MNy0807 ™1080
MNyi107 ™Mi110
NNji1407 "M1140
fi1707 ™P1170
nty2007 ™M1200
Nny2307 ™M1230

nny2607 M260
nnj1290; NN1290

-29-

RNzg507
NNygp?
NR3107
nN3407
NN3707
MN4007
Nny307
MNygoi
NN4907
NNga07
MNggg
Msgo?
MMg10?
Mhggof
MRga07
NN7007
NN7307
MNago?
NNy90¢
Mgaoi
Ngso?
MNggo?
Mgi10?
MMg4p?
MRg707

R )

nNogo
MM310
MN340
MN370
400
Bhy30
NN460
NN490
MNs520
Mfssg
MNsgg
MMg10
MMes0

MNga0.

N300
N33
MMas0
MNa90
MMg20
Mfgsg
Mlggo
MNg10
MMgg0
MNg70

NN2go7
NRy907
MR3207
MN3s507
NN3gp?
NNgy07
NNg407
MMyq07
MMgogi
RNg307
MNggo ¥
Mls5gp7
MRea0?
MMesgi
MMego?
nnsi107
MN7407
Ng707
MNgoo?
Mg30i
MMggoi
NNggg?
Mfg207
MMgsggi
MMgggi

MNi0007 ™1000 - ™10107

= MMyo307 ™030 - ™10407
- MMyos07 ™P1060 =~ "M10707
- MNjo907 ™Mi090 ~ ™M11007
- MNyi207 ™Myy20 ~ M™My1307
- Mhyis0f ™11s0 T ™Mii607
= M1gof MM1180 T ™11907
- MRya107 MMy210 ~ MPy220°
= Nfj2407 MMy240 - MMy2507
- MRy2707 MMy270 - MMi2807
- nnj30Q: nNj300 - RN13107
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nny310
nny 340
nny370
400
nNy430
nNj460
NNy490
nNjs20
nNysso
NNjsgo
nNe10
nMi640
670
nNi700
nny930
nNi760
nNi790
nnjg20
N850
NN;880
NNyg10
NNj940
970
2000
RN2030
nN3060
nN3090
nnj120
MNy1s0
nny180
nnj210
nN>240
nna270
nN2300

nnj 339
nny360

nnj 3207
NNy 3507
nnj3go?
MNy4107
NNy 4407
nny4707
NNys500°
nnjs307
NNys60°
NNys907
NNjg20?
Nnies507
nNjeg0’
nnj7107
nny7407
nny7707
nnjgoo?
nnjg30¢
nnjgs0’
nNyggo?
MNjg207
NNy9s07
MNjggo’
nNoo0107
nN7040°
Nfs0707
NNs1007
nnj1307
nNji1607
nN2i190¢
nnj2207
nnj2s0¢
nnj280’
nnj3i10¢

NNy3407
nn370;

fny1320
nny 359
NNy 380
fNj410
NNj440
MNj470
MNy500
NNis530
MNis60
Ms90
NNj620
nNies50
NNi680
nny710
nNj740
nnj770
nNy800
nnyg30
nN1860
NRy890
NNy920
NNgsg
NNjy980
nR2010
NN2040
fNz070
nN>100
nn3130
nn3160
nN3190
fN7220
nns250
nn3280
nN2310

nNj340
nny370

-30-

- PRy3307

NNy 3607
NNy 3907
nnj 4207
NNj4s0/
NNj4g07
MNys5107
MNy5407
NNys5707
6007
NNy6307
MNeeo’
NNygg07
nNy7207
Ny 7507
nnj7g0°
fnjgio0’
NNyg407
fnjg707
MNi9007
PRi9307
MNjg9607
MNygg07
nNs0207
MN0s07
nN70807
MNa1107
NNj1407
nNs1707
nn>200°
fny2307
NN3260°
nNs2907
nn23207

nNj 3507
nny3gQ;

nny330
NNy 360
nny390
MNy420
MNy450
NNj480
MNys510
Nys40
570
nn600
nnj630
660
nNi690
nny 720
750
nnj780
nNnigio
nNjg40
nnig70
MMy900
NNy 930
NNHg60
NNjg990
nN2020
nn2050
nM3080
nnai110
nNj140
nn>170
nN>200
nN3230
nn>260
nN>290
nN2320

nNj 350
nny3go

nnj3407
NNy 3707
NNy 4007
NRi4307
NNy4607
NNj4907
MNys5207
NNysg07
NNjsgp?
Rhig107
NNy6407
MMi6707
NNy 5007
NNy 7307
NNy7607
nNy7907
NNjg207
nnjgso’
Nnjggo’
NNyg9107
NNyg407
NNyg707
MN30007
nNs0307
MN20607
nNa0907
nNy1207
NNy1507
MN31807
MNj2107
MNa2407
nNs270¢
nN>300°
nn2330°

nNj3607
nr399;
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NNj390
NNy420
MNy450
fNy4g0
MNzs510
NNjs40
570
nhr600
MN2630
MR2660
MNj690
fny720
750
nny780
fNzg10
NN2g40
nnyg70
NM3900
nN2930
MMa960
M990
RN3020
MN3050
"M3080
fh3110
N340
NN3170
fN3200
NN3230
fn3260
nn3290
nN3320
MN3350
NN3380

nN3410
nn3440

nNa4007
NNj4307
NNy4607
NNy4907
MN3s5207
MNys5507
MMosgo?
nN6107
NNoe407
NRyg707
NNy7007
nhy7307
NNy7607
nNj7907
Nhyg207
NNogs0?
NNggo’
MN9107
MNy9407
NMa9707
RN30007
MN30307
MN30607
MN30907
MN3y207
NN31507
NN3i807
MR32107
NN32407
NN32707
M33007
MM33307
"M33607
NN33907

MN34207
nn3gsg;

na400
MNy430
NNo460
NNy490
NN2520
fMas550
fhssg0
fNa610
RNo640
MN670
fn3700
fny730
MMa760
NNj790
NNyg20
MNjgso
N80
MMa910
RR2940
MMa970
113000
MM3030
M3060
MM3090
MM3120
M350
MN3180
MN3210
NN3240
NN3370
"M3300
MM3330
NNM3360
Ni3390

NN3420
nn34sg
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NNo4107
nNj4407
nnj4707
MNys5007
NNy5307
NNose0?
MMosg9pi
MNg207
NNyes0?
NNy6g07
37107
MNy7407
nNy7707
nNz8007
NRyg307
nNog607
MN2g90f
MNog207
MNy9507
AN29807
NR30107
MM30407
NM30707
nN31007
MN31307
MN3y607
MN31907
MN33207
MN32507
MN3280°
NM33107
NN33407
NMN33707
MN3400°

NN34307
nn3460:

MMa410
RNa440
NNy470
fMs00
MNys530
MN2s560
fN2s90
MNy620
NN650
NN7680
2710
NNj740
MN3770
nNj800
nN>g30
NN7860
MNyg90
MN3920
NN7950
NN2980
MN3010
NN3040
N3570
nN3100
nN3130
NN3560
MN3190
MN3320
nN3250
nN3280
MN3310
MN3340
MN3370
NN3400

MN3430
nn34eQ

NNy4207
MNa4507
MM24807
MN2s5107
MNy5407
nn25707
Mo6007
MMs6307
MNoe607

o690+

fNa7207
NNy7507
MN39807
MNyg107
MN3g407
MNag707
RRog9007
MNjy9307
MNyg607
Mag9907
MN30207
MN30507
MN30g07
N31107
fN31407
MN31907
MN32007
MN33307
MN32607
MN32907
Nn33207
MN33507
NN33g07
MN34107

34407
nn3470;
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3470
fN3500
NN3530
fN3560
fN3590
fN3620
MN3650
NN3680
NN3710
NN3740
nN3770
NN3800
NN3g30
nN3g60
NN3g90
nN3920
MN3950
NN3980
NN4010
NN4040
NN4070
NN4100
NN4130
NN4160
MNg190
NN4220
NN42s50
nN4280
4310
NN4340
NN4370
NN4400
MN4430
NN4460

MNg490
nngs20

NN34g07
NN35107
MN35407
MR35707
MM36007
MR36307
MN3g607
MN36907
nN37207
MN37507
MM37g07
NN3g10°
NN3g407
Rh3g707
MN39007
MN3g9307
MM39607
NR3gg07
NR40207
Mf40507
MM4ogo’
MNgy107
NNg1407
MNgy1707
NN42007
Nn42307
NN42607
= MM42907
NNg3207
NN43507
NNy 3g07
MNgq107
Nfg4407
NN4ggq707

MN4s5007
- nngs539;

NN3480
NN3510
NN3540
nN3570
NN3600
nN3630
MN3660
MN3690
NN3720
NN3750
NN3280
NNig10
NN3g40
NN3g70
NN3900
NN3930
NN3960
NN3990
N4020
MR4050
NN4080
NN4110
NN4140
NN4170
nN4200
NNg230
NN4260
NN4290
nN4320
fN4350
NNy 380
NNg410
NNg440
MNg470

MNss00
nn4s3Q
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34907
NN35207
NN35507
NN3s5g07
NN3g107
nN3e407
MN36707
MN37007
nN37307
MN37607
NN39907
NN3g207
NN3gsg?
nN3ggo’
MN3g9107
MN39407
MM3g707
MN40007
MN4o030/
MNgo607
NN4o907
nngi1207
NN41507
MNg1807
NNg2107
NNgo407
MN42707
MN43007
43307
NN43607
MNy3907
MN44207
MNgqs507
MNgqg07

MNg5107
nng4s40;

M3490
f3520
MM3559
MM3sg0
3610
MN3640
MN3g70
MN3700
Nn3730
NN3760
MN3790
fN3g20
RN3g50
NR3g80
NN3910
MN3940
MM3970
M4000
NN4030
NN4060
MN4090
NNg120
NN4150
NNs180
nN4210
NN4240
tng270
MN4300
NN4330
MN4360
NN4390
NNgq20
MMy4s9
MNg4g0

NNys10
nngs4o

M35007
NN35307
MN35607
MN35907
MN36207
NN 36507
NN3gg07
nM37107
NN37407
MM337707
NN3g007
NN3g307
NN3ggo?
Fh3g9o’
MN3g9207
MN3g507
MN3gg07
NRg0107
NN40407
ff40707
MNy1007

‘MNg1307

Migi607
NAg1907
NN42207
Nf42507
nNg2807
NN43107
NN43407
MNg3707
NMN4q007
MRg4307
NN44607
NNg4907

MN4s20f
nnqssQ;
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MN4s50
NN4sg0
MNg610
MN4640
NN4670
fN4200
nN4730
MN4760
NNg790
NN4g20
MNygso
NN4g80
MN4910
NN4940
MN4g790
"Ms5000
MNg030
MMs5060
MMs5090
MNs5120
MNsys50
Ms5180
RR5210
Mg240
MM5270
MMs300
MMs330
MMs5360
Ms390
NNs420
MNs4s0
Ms4g0
Mfss510
MNgs40

MMs570

nNs5600

MN4seo’
NN4s5907
NN4e207
MN4gs507
NN4eg0i
nNg7107
47407
MMgq707
NN4go0?
NNyg307
NNsge07

MNggg9q7

NN4g9207
MNggs507
NN49g07
MNso107
RNg0407
MNga707
MN51007
Mgy 307
MNs51607
MNg31907
MM52207
MMgos507
MNg2807
MNg3107
MNg3407
NNg3707
M54007
MNg4a307
MNs4607
MNs54907
MNs5207
MNgsgo7

MMggggi
nnse10;

MN4s60
NN4s90
NN4620
MN46s0
NN4680
MN4710
NN4740
N4270
NN4g00
NN4g30
NN4g60
NN4890
MN4920
MNgg50
MNg9g0
MNs5010
MNs5040
MM5070
MNs5300
Ms5130
MNs5160
MNg5190
NNg220
MNgo50
NNs280
MMs5330
MNsg340
MNg370
MNg400
MNs5430
MN5460
BNg490
MN5520
MNsgs50

Mgsgp
nnge10
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MN4g907
NN46007
MN46307
MMaggol
NN46907
MM47207
NN4a7507
NNyag07
MN4g107
MN4g407
MN4g707
MN4g007
MNgg307
MN49607
MN49907
Ms5h207
Blggs507
MMgog07
NNsi107
Rhsi1407
MMgy707
MMs2007
Ms2307
MMgo607
MNs2907
MN53207
Nfg 3507
MNg3g07
MMg4107
MNsg407
Mlsy70°
MM5500¢
MMg5307
Mgsg07

MNgggq7
nnsg207

MNgs570
MN4600
MN4630
N4660
MNg690
Nng720
NNg7s0
R4780
MN4g10
NN4g40
nN4870
MN4900
MM4930
MMN4960
MNg990
MMs5020
MNs5050
MNsog0
MN5110
MNg5140
NNs170
MNs5200
MNs5730
MNgo60
MNg290
Mf5320
MNs350
NNg380
MNs410
MN5440
MNs470
MMss500
MMss30
MNgs60

MNegg0
nnsg20

MN4sgo?
MN4g107
MN4ea07
MNye707
ff47007
NN47307
nN47607
NNg7907
NN4g207
NN4gso’
NN4gg07
MN4g107
MNg9407
NNyg9797
RNs50007
MNs50307
MNg0607
MN50907
RNs1207
NNgy507
MNg1g07
Mhgo107
NNg2407
MNga707
MN53007
Ng3307
NNs3607
MNg3g907
MNg4207
MNg4507
NNg4go?
MNss5107
MNgs5407
Mgs707

MMgeoo?
nngg30;:
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MN5630
MNse60
MMge90
MNg220
NNgq50
MNg9g0
NNsg16
MN5g40
MMsg70
MM5900
5930
MN5960
ffgg90
MNeo20
Meos0
MNgog0
MRey10
MNg140
NNg170
MNg200
MNga30
MRe260
Ne290
MNg320
MNg350
ffg3g0
MNgg10
NNea40
MMeg70
Mes00
Afgs30
MRese0
MNesg0
Mhgg20

MNe6s50
nngggo

MNseq07
MNsg707
MNg9007
MNg7307
MNgq607
NNgo907
MNgga07
RNggsg?
MNgggo?
Mgg107
MNgg407
MNgg707
MNg000?
MMgo307
MNgo607
MMeogo?
MNg1207
MMgys07
NNgigo?
NNg2107
NNg2407
MMg2707
nRe3007
MNg3307
NNg3607
NRg3907
MMgg207
MMegso?
MRe4g07
MNgs107
MNgsgo?
MNgs707
MNego0?
MRee307

MNeeg0?
nnggg9Q;

MNse40
MNs670
MNs5700
NNs730
MNg760
MNg790
MNgg20
NNggsp
MNsgg0
MNg910
MNgg40
MNsg70
nM6000
NNgo30
MNgo60
MMe090
NNg120
MNg150
NNegi80
MNg210
MNg240
MNg270
MNe300
NNg330
NNg360
NNg390
NNg420
MNeggs0
MNe480
NRgs10
NNesqo
MNgs70
MMe600
MNg630

NNess0
nnggg9Q
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MNgggo?
MNgego?
Mfgq107
MNg7407
NNgq707
MNggo0?
MNgg307
MMsggo’
MNggg07
MNgg207
Mgggp?
MNg9g07
NRgo107
Mgo40?
MNgo707
MRe1007
MRg1307
NNgi1607
MNg1907
NRg220f
MMegasgf
MNgago’
MRg3107
MNg3407
NNg3707
NRea007
MNgg307
MReg607
MNgggof
MNgs207
RMNegssp?
MNgsgo’
MNeg1o7
MMNegqo’

MNeg707
nng7007

TNgesg
MNse80
MNs710
MNs5740
MNg970
MNsg00
MNsg30
MNgg60
MNggg0
MN5920
NN5950
MNggg0
Ne010
MNgo40
MNgo70
MNg100
NNg130
MNg160
MNg190
MNga20
MNg250
MNg280
MNg310
NNg340
NNg370
MNg400
NNg430
MNg460
NNgq90
MNgs20
NNgsso
MNgsg0
MMeg10
MNg640

NMNee70
nng700

MNgego?
MMseg07
MMgq207
MNgg507
MNs7g0°
MNgg107
MRsgq07
NNsg70?
MNs9007
MNgg307
MR59607
MNggg07
Rleo20f
MRgosg?
MNeogo?
MRey107
NNg1407
MNe1707
NNea007
NRea30f
MNg2607
MNga907
MNg3207
NNg3507
NNg3g07
MNeg107
MNegq07
MNeg707
MNesoo?
MNgs5307
MNesgo?
MNgs907
MNeeao?
MNggso?

NNeego?
nng7107
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MNe210
MNg740
MNg270
NNegoo
MNeg30
MNegs0
MNeg90
MNgg20
NNggso
NNeggo
nN7010
NN2040
NN3070
7100
nn,i30
nN2160
nn2190
nn3220
NN3350
nn;280
nn2310
nn3340
nn2370
nN2400
NN2430
nNa460
NNa490
nN2s520
NN7s550
NN;sg0
NNa610
NN7640
nN7670
7700

nNN4230
nny760

MNga207
MNgaso7
MRg7g0?
MNegio?
MMegq07
MMgg707
MNegp0?
MNgg307
MMeggo?
MNgggo?
nn20207
MR30507
NN70807
nn7j10f
MNa1407
hhgy1707
nn22007
nn32307
nn32607
Ny2907
NN73207
nny3507
nn33807
nNa4107
RR74407
NN74707
95007
MNa5307
NRas5607
MM75907
NNy6207
MNygs07
nMa6g0’
nn77107

2407
nny770;

MNg220
MNegas0
NRg280
NNegi0
MMegs0
Meg70
MMeg00
MMeg30
MReggo
NNggg0
MN7020
NNa050
nN7080
ni7110
NN7140
nN2170
nN2200
nN3230
nn;260
MN7290
Nn7320
NN73s50
nny380
410
NN2440
NN2470
NN2500
nnys530
NN7560
NN7s590
NN7620
NNs650
nNa680
na710

nns740
nn7770

-35-

NRga307
MMe7607
MNe7907
MNgg207
Nhegso?
MMgggo?
MMegio?
Rlgg40?
MNeg707
NN20007
nn30307
70607
NN30907
MRz1207
nnyys507
Nnig07
MNa2107
NR32407
Mna2707
NN73007
NRy3307
NN33607
RR73907
Ma4207
NN74507
NNs4g07
NN35107
MR9s5407
MN59¢7
MN6007
MN76307

AN, ee0f

MN;6907
nns9207

nNa9507
nny7g0;

NNgq39
MMea60
Mea90
MNeg20
MNggso
NNgggo
ffgg10
MMgg40
MNgg70
fN2000
"M7030
MM2060
"M7090
ing120
nnsg1s0
nn7180
Nn9210
Nn7240
nn3270
"N3300
3330
Nn2360
fM7399
NNJ420
NNa450
NN2480

7510

MNs540
NM9s570
NN3600
MN3630
M7660
MMae90
nN2720

;950
nny7gg

MNgq407
MNga707
MNegoo?
RNggag?
NNggeo?
MNeggoi
MNgg207
MNggs5q7
NNgogg i
NN3o107
N70407
70707
nN71007
fn71307
NNs1607
NNs1907
nNs2207
Mfg2507
NN32807
nNy3107
NN73407
nN23707
MNa74007
Nha4307
NNJ4607
NN74907
nNys5207
MN75507
NN5g07
NNs6107
MNJ6407
MN76707
nN37007
nn59307

MNss607
nny7990;
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2790
nN7g20
nNags0
nnsg80
N7910
NN7940
nN7970
MNgoo0
MNgo30
MNgo60
MNgog0
NNgj20
NNg1s0
NNg180
fNg210
MNg240
RnNg270
Ng300
MNg330
MNg360
MNg390
NNgg20
MNg4s0
NNg480
NNgs10
MNgs40
Nfgs70
NNggo0
NNgg30
MMge60
MNge90
MRg720
MNgq50
NNg7g0

MNgg10
nnggqg

= NMNagoo’

NNJg307
nnsg607
nn2ggo?
NN7g207

= NMNa9507
= NNgggqo?

NNgo10?
NNgog0?

- NNgp70?
- NNgio00’
- NNgy307
= Nhgygo?

NNgyg907

= MNgr207

NNgosg?
NNgogo’

- MNg3j0f

MNg3407
NNg3707
NMgg00?
MNgg307
MMgsgo’
NNggg07
MNgs207
NNgssg7
NNgsgo?
MNgg107
MNgeq07
MMgg707
MNg7007
NNg7307

- MNgggo?

NNgq907
NNgg207

- nnggs07

2800
NNag30
nNa860
NNsg90
Nn3920
Rfa950
NN7980
Nhgo10
MMgo40
MMgo70
NRgi00
NMg130
MNgi60
MNgi90
NNg220
NNgas0
NNg280
MNg310
NNg340
MNg370
NNg400
MNg430
MNg460
MNg490
NMgs20
Mggs0
Nlgsgo
NNge10
MMgga0
NNge70
NNg700
MNg730
MNg760
MNgs90

NNgg20
nnggsQ

=36~

nnsg107
MNg407
nnag70?
MNy9007
NN9307
NRa9607
MMag907
Blgo207
MMgoso?
MNgogo?
nhgi10?
MNgi407
NRgy707
Nhga007
NNg2307
NNgago?
Mhg2907
Mhg3207
MNg3s507
Mg3g07
Mgg107
MMggq07
MRgg707
LI
MNgs5307
MRgggp?
MMgsgo?
MMgga0?
MNggso?
Mgego’
MNg7107
MNgJ407
MMeg707
MNggoo’

MNgg3g?
nnggeQ’

nng10
NNJ840
nyg70
NN2900
NN3930
NN7960
NN2g90
Nfgo20
MMgosg
RMgogo

NNgy10 °

NNg140
NNg170
MNg200
NNga3g
NNg260
NNgag0
fNg320
MNg3s0
NNg3g0
MNgs10
MMNg440
MNg470
MNgs00
NNgs30
MNgs60
MNgs90
NNgg20
MNggs0
NNgggo
MNg710
MNg740
MNe770
NNggoo

NMNgg30
nnggeo

fn7g207
MNagso?
MN;gg0?
MN2g107
MN39407
MNa9707
RRgooo?
MMgo30?
NMgogo?
MNgogo?
MNgi207
NRgisp?
MNgigo’
MNga107
MNga407
Mhg2707
MNg3007
NNg3307
Ng3g07
MNg3gg7
MNgg207
MNgss507
NNgsgo?
Mgs5i0/
NNgs407
MRgg707
MNggo0?
MNgg3p7
MNggeo?
NMgggo?
MNgq207
MNgy507
MNgqg0?
MNgg10?.
Nlggqoi
nngg7Qs
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MNgg70 ~ MNgggo’ MMgggo ~ MMgggpi MNgggg ~ MNggqo’
NNggpo = Mg910’ ™ggi1p ~ MMggzo7 Mlggap ~ MNgg3p’
MNgg3p0 ~ Mfgggo’ MNMgggp ~ MPggsgi MNggsg ~ NNggegs
NNgggo ~ NNgg7o/ MMgg70 ~ MNggggi MMgggp ~ MNgggp’
MNgg9o ~ Mg90007 ™9000 ~ ™g0107 PM9g10 ~ MNgg2p¢
MNggp20 ~ MMg9p307 ™M9g30 ~ ™Pgp40’ MMgo40 ~ MNgps5q7
NNggsp = Mgpgo°

The oligomer, however, need not consist only of
the sequence which is complementary to the targeted HCV
sequence. It may contain in addition, nucleotide
sequences or other moieties which are suitable for the
purposes for which the oligomers are used. For example,
if the oligomers are used as primers for the amplification
of HCV sequences via PCR, they may contain sequences
which, when in duplex, form restriction enzyme sites which
facilitate the cloning of the amplified sequences. For
example, also, if the oligomers are to be used as "capture
probes" in hybridization assays (described infra), they
would contain in addition a binding partner which is
coupled to the oligomer containing the nucleotide sequence
which is complementary to the targeted HCV sequence.

Other types of moieities or sequences which are useful of
which the oligomers may be comprised or coupled to, are
those which are known in the art to be suitable for a
variety of purposes, including the labeling of nucleotide
probes.

The preparation of the oligomers is by means
known in the art, including, for example, by methods which
include excision, transcription, or chemical synthesis.
The target sequences and/or regions of the genome which
are selected to which the targeting polynucleotides of the
oligomers are complementary depend upon the purpose. For
example, if the goal is to screen for the presence of HCV
in biological samples (e.g. blood), the preferred
oligomers would be used as probes and/or primers, and
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would hybridize to conserved regions of the HCV genome.
Some of the conserved regions of the HCV genome to which
the oligomers may bind are described herein, for example,
the regions which include nucleotide numbers from about
the S-terminus to about 200, or from about 4000 to about
5000, or from about 8000 to about 9040 as shown in Fig.
18, or preferably nucleotides -318 to 174, 4056 to 4448,
and 4378 to 4902. Other regions of the genome which are
conserved are readily ascertainable by comparison of the
nucleotide sequences of various isolates of HCV, including
the prototype HCV, HCVl1l. Methods for conducting
comparisons between genotypes to determine conserved and
nonconserved regions are known in the art, and examples of
these methods are disclosed herein. '

In the basic nucleic acid hybridization assay,
single-stranded analyte nucleic acid (either DNA or RNA)
is hybridized to a nucleic acid probe, and resulting
duplexes are detected. The probes for HCV polynucleotides
(natural or derived) are a length which allows the detec-
tion of unique viral sequences by hybridization. While 6-
8 nucleotides may be a workable length, sequences of 10-12
nucleotides are preferred, and about 20 nucleotides or
more appears optimal. Preferably, these sequences will
derive from regions which lack heterogeneity. These
probes can be prepared using routine methods, including
automated oligonucleotide synthetic methods. Among useful
probes, for example, are those derived from the newly
isolated clones disclosed herein, as well as the various
oligomers useful in probing cDNA libraries, set forth
below. A complement to any unique portion of the HCV
genome will be satisfactory. For use as probes, complete
complementarity is desirable, though it may be unnecessary
as the length of the fragment is increased.

For use of such probes as agents to detect the
presence of HCV polynucleotides (for example in screening
for contaminated blood), the biological sample to be
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analyzed, such as blood or serum, may be treated, if
desired, to extract the nucleic acids contained therein.
The resulting nucleic acid from the sample may be
subjected to gel electrophoresis or other size separation
techniques; alternatively, the nucleic acid sample may be
dot blotted without size separation. In order to form
hybrid duplexes with the targeting sequence of the probe,
the targeted region of the analyte nucleic acid must be in
single stranded form. Where the sequence is naturally
present in single stranded form, denaturation will not be
required. However, where the sequence is present in
double stranded form, the sequence will be denatured. De-
naturation can be carried out by various techniques known
in the art. Subsequent to denaturation, the analyte
nucleic acid and probe are incubated under conditions
which promote stable hybrid formatibn of the target
sequence in the probe with the putative targeted sequence
in the analyte, and the resulting duplexes containing the
probe(s) are detected.

Detection of the resulting duplex, if any, is
usually accomplished by the use of labeled probes;
alternatively, the probe may be unlabeled, but may be
detectable by specific binding with a ligand which is
labeled, either directly or indirectly. Suitable labels,
and methods for labeling probes and ligands are known in
the art, and include, for example, radioactive labels
which may be incorporated by known methods (e.g., nick
translation or kinasing), biotin, fluorescent groups,
chemiluminescent groups (e.g., dioxetanes, particularly
triggered dioxetanes), enzymes, antibodies, and the like.

The region of the probes which are used to bind
to the analyte can be made completely complementary to the
HCV genome. Therefore, usually high stringency conditions
are desirable in order to prevent false positives.
However, conditions of high stringency should only be used
if the probes are complementary to regions of the viral
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genome which lack heterogeneity. The stringency of
hybridization is determined by a number of factors during
hybridization and during the washing procedure, including
temperature, ionic strength, length of time, and
concentration of formamide. These factors are outlined
in, for example, Maniatis, T. (1982).

Variations of this basic scheme which are known
in the art, including those which facilitate separation of
the duplexes to be detected from extraneous materials and/
or which amplify the signal from the labeled moiety, may
also be used. A number of these variations are reviewed
in, for example: Matthews and Kricka (1988), Analytical
Biochemistry 169:1; Landegren et al. (1988), Science
242:229; and Mittlin (1989), Clinical chem. g§E1819.

These and the following publications describing assay
formats are hereby incorporated by reference herein.
Probes suitable for detecting HCV in these assays are
comprised of sequences which hybridize with target HCV
polynucleotide sequences to form duplexes with the analyte
strand, wherein the duplexes are of sufficient stability
for detection in the specified assay system.

A suitable variation is, for example, one which
is described in U.S. Patent No. 4,868,105, issued Sept. 9,
1989, and in E.P.0O. Publication No. 225,807 (published
June 16, 1987). These publications describe a solution
phase nucleic acid hybridization assay in which the
analyte nucleic acid is hybridized to a labeling probe set
and to a capturing probe set. The probe-analyte complex
is coupled by hybridization with a solid-supported capture
probe that is complementary to the capture probe set.

This permits the analyte nucleic acid to be removed from
solution as a solid phase complex. Having the analyte in
the form of a solid phase complex facilitates subsequent
separation steps in the assay. The labeling probe set is
complementary to a labeled probe that is bound through
hybridization to the solid phase/analyte complex.
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Generally, it is expected that the HCV genome
sequences will be present in serum of infected individuals
at relatively low levels, i.e., at approximately 102-103
chimp infectious doses (CID) per ml. This level may
require that amplification techniques be used in
hybridization assays. Such techniques are known in the
art. For example, the Enzo Eiochemical Corporation "Bio-
Bridge" system uses terminal deoxynucleotide transferase
to add unmodified 3’-poly-dT-tails to a DNA probe. The
poly dT-tailed probe is hybridized to the target
nucleotide sequence, and then to a biotin-modified poly-A.
PCT Publication 84/03520 and EP Publication No. 124221
describe a DNA hybridization assay in which: (1) analyte
is annealed to a single-stranded DNA probe that is com-
plementary to an enzyme-labeled oligonucleotide; and (2)
the resulting tailed duplex is hybridized to an enzyme-
labeled oligonucleotide. EPA 204510 describes a DNA
hybridization assay in which analyte DNA is contacted with
a probe that has a tail, such as a poly-dT tail, an ampli-
fier strand that has a sequence that hybridizes to the
tail of the probe, such as a poly-A sequence, and which is
capable of binding a plurality of labeled strands. A type
of hybridization assay which is described in E.P.O.
Publication No. 317,077 (published May 24, 1989), which
should detect sequences at the level of approximately 106/
ml, utilizes nucleic acid multimers which bind to single-
stranded analyte nucleic acid, and which also bind to a
multiplicity of single-stranded labeled oligonucleotides.
A particuiarly desirable technique may involve amplifica-
tion of the target HCV sequences in sera approximately
10,000 fold (i.e., to approximately 106 sequences/ml), as
part of the hybridization system.  The amplification may
be accomplished, for example, by the polymerase chain re-
actions (PCR) technique described by Saiki et al. (1986),
by Mullis, U.S. Patent No. 4,683,195, and by Mullis et al.
U.S. Patent No. 4,683,202. Amplification mey be prior te,
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or preferably subsequent to purification of the HCV target
sequence. For example, amplification may be utilized in
conjunction with the assay methods described in U.S. Pat-
ent No. 4,868,105, or if even further amplification is
desired, in conjunction with the hybridization system
described in E.P.O. Publication No. 317,077.

Preferred methods for detecting HCV sequences in
an analyte polynucleotide strand are based upon the
hybridization detection methods described in U.S. Patent
No. 4,868,105 and in E.P.O. Publication No. 317,077.

These methods are solution-phase sandwich hybridization
assays which utilize both capture and label probes which
hybridize to target sequences in an analyte nucleic acid.
In the use of these assays to screen biological samples
for HCV, the probes used would bind to conserved regions
of the HCV genome. The capture and label probes may be
interspersed in their bindiag to the target sequence.
Alternatively, in a preferred mode the capture and label
probes are in sets, and the probes of one set do not
intersperse with the probes of another set. 1In the latter
mode, preferably the set(s) of multiple capture probes
hybridize to the most conserved regions of the genome,
while the set(s) of multiple label probes may hybridize to
regions which exhibit small amounts of divergence. For
example, using the prototype HCV1 cDNA sequence shown in
Fig. 18, probes could be used which hybridize to sequences
in the region of nucleotides from about -318 to about 174,
and/or nucleotides in the region of about 4378 to about
4902, and/or nucleotides in the region of from about 4056
to about 4448. The preferred probes would hybridize to
sequences in the 5'-region of the HCV genome, since, as
shown infra., this region appears to be highly conserved.
Thus, preferred probes may hybridize to, for example,
nucleotides from about -318 to about 174 as shown in Fig.
18. Probes could be used which hybridize to either the
positive strand in conserved regions, and/or its comple-
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ment, depending upon the purpose, for example, to detect
viral genomic sequences, or to detect HCV cDNA sequences
resulting from PCR amplification, or to detect replicative
intermediates to the positive HCV RNA strand. .

Detection of HCV RNA and Polynucleotides Derived Therefrom
Using an HCV/cPCR Method

A particularly useful method for detecting HCV
RNA or polynucleotides derived from HCV RNA is the HCV/
cPCR method, which is a subject of the herein application,
and which utilizes the polymerase chain reaction technique
(PCR) which is described by Saiki et al. (1986), by Mullis
in U.S. Pat. No. 4,683,195, and by Mullis et al. in U.S.
Patent No. 4,683,202. The HCV/cPCR method utilizes prim-
ers and probes derived from the information provided
herein concerning the nature of the HCV genome.

Generally, in the PCR technique, short
oligonucleotide primers are prepared which match opposite
ends of a desired sequence. The sequence between the
primers need not be known. A sample of polynucleotide is
extracted and denatured, preferably by heat, and hybrid-
ized with oligonucleotide primers which are present in
molar excess. Polymerization is catalyzed by a template-
and primer-dependent polymerase in the presence of
deoxynucleotide triphosphates or nucleotide analogs
(dNTPs). This results in two "long products” which
contain the respective primers at their 5’'-termini,
covalently linked to the newly synthesized complements of
the original strands. The replicated DNA is again de-
natured, hybridized with oligonucleotide primers, returned
to polymerizing conditions, and a second cycle of replica-
tion is initiated. The second cycle provides the two
original strands, the two long products from cycle 1, and
two "short products" replicated from the long products.
The short products contain sequences (sense or antisense)
derived from the target seguence, flanked at the 5’- and




10

15

20

25

30

35

~44-

3’'-termini with primer sequences. On each additional
cycle, the number of short products is replicated
exponentially. Thus, this process causes the amplifica-
tion of a specific target sequence.

In the method, a sample is provided which is
suspected of containing HCV RNA, or a fragment thereof.
The sample is usually taken from an individual suspected
of having NANBH; however, other sources of the sample are
included, e.g., conditioned medium or cells from in vitro
systems in which the virus has been replicated. The
sample, however, must contain the target nucleic acid
sequence(s).

The sample is then subjected to conditions which
allow reverse transcription of HCV RNA into HCV cDNA.
Conditions for reverse transcribing RNA are known to those
of skill in the art, and are described in, for example,
Maniatis et al. (1982), and in Methods in Enzymology. A
preferred method of reverse transcription utilizes reverse
transcriptase from a variety of sources, including re-
combinant molecules, and isolated from, for example, a
retrovirus, preferably from avian myeloblastosis virus
(AMV), and suitable conditions for the transcription. The
HCV cDNA product of reverse transcription is in a RNA:DNA
hybrid, which results from the first round of reverse
transcription; subsequently, DNA:DNA hybrids result from
two or more rounds of transcription.

The HCV cDNA resulting from reverse transcrip-
tion is then subjected to PCR to amplify the target
sequence. In order to accomplish this, the HCV cDNA is
denatured, and the separated strands are hybridized with
primers which flank the target sequence.

Strand separation may be accomplished by any
suitable denaturing method, including physical, chemical,
or enzymatic means, which are known to those of skill in
the art. A preferred method, which is physical, involves
heating the nucleic acid until it is completely (>99%)
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denatured. Typical heat denaturation involves
temperatures ranging from about 80°C to about 105°, for
times ranging from about 1 to 10 minutes.

After hybridization of the HCV cDNA with the
primers, the target HCV sequences are replicated by a
polymerizing means which utilizes a primer oligonucleotide
to initiate the synthesis of the replicate chain. The
primers are selected so that they are complementary to
sequences of the HCV genome. Oligomeric primers which are
complementary to regions of the sense and antisense
strands of HCV cDNA can be designed from the HCV'cDNA
sequences from the composite cDNA sequence provided in
Fig. 18. .
The primers are selected so that their relative
positions along a duplex sequence are such that an exten-
sion product synthesized from one primer, when it is
separated from its template (complement), serves as a
template for the extension of the other primer to yield a
replicate chain of defined length.

The primer is preferably single stranded for
maximum efficiency in amplification, but may alternatively
be double stranded. 1If double stranded, the primer is
first treated to separate its strands before being used to
prepare extension products. Preferably, the primer is an
oligodeoxyribonucleotide. The primer must be sufficiently
long to prime.the synthesis of extension products in the
presence of the agent for polymerization. The exact
lengths of the primers will depend on many factors,
including temperature and source of the primer and use of
the method. For example, depending on the complexity of
the target sequence, the oligonucleotide primer typically
contains about 15-45 nucleotides, although it may contain
more or fewer nucleotides. Short primer molecules gener-
ally require cooler temperatures to form sufficiently
stable hybrid complexes with the template.
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The primers used herein are selected to be
"substantially" complementary to the different strands of
each specific sequence to be amplified. Therefore, the
primers need not reflect the exact sequence of the
template, but must be sufficiently complementary to
selectively hybridize with their respective strands. For
example, a non-complementary nucleotide fragment may be
attached to the 5’'-end of the primer, with the remainder
of the primer sequence being complementary to the strand.
Alternatively, non-complementary bases or longer sequences
can be interspersed into the primer, provided that the
primer has sufficient complementarity with the sequence of
one of the strands to be amplified to hybridize therewith,
and to thereby form a duplex structure which can be
extended by the polymerizing means. The non-complementary
nucleotide sequences of the primers may include restric-
tion enzyme sites. Appending a restriction enzyme site to
the end(s) of the target sequence would be particularly
helpful for cloning of the target sequence.

It will be understood that "primer", as used
herein, may refer to more than one primer, particularly in
the case where there is some ambiguity in the information
regarding the terminal sequence(s) of the target region to
be amplified. Hence, a "primer" includes a collection of
primer oligonucleotides containing sequences representing
the possible variations in the sequence or includes
nucleotides which allow a typical basepairing. One of the
primer oligonucleotides in this collection will be
homologous with the end of the target sequence. A
specific case is shown in the Examples, where oligomer
sets of 44-mers and 45-mers were utilized to prime the
amplification of a potentially variant region of the HCV
genome. '

It is anticipated that there will be a variety
of strains or isolates of HCV with sequences which deviate
from HCV1l, the prototype strain. Therefore, in order to
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detect variant strains it is preferable to construct prim-
ers which hybridize to conserved regions of the HCV
genome. The conserved regions may be determined by
comparing the nucleotide or amino acid sequences of
several HCV strains/isolates. There appear to be at least
three regions of conserved amino acid in the HCV genome,
described supra.,‘from which primers may be derived.

These regions are believed to be. The primers described
infra., in the Examples, are derived from what are
believed to be conserved regions of HCV, based upon
sequence homology to that of the Flaviviruses.

The oligonucleotide primers may be prepared by
any suitable method. Methods for preparing
oligonucleotides of specific sequence are known in the
art, and include, for example, cloning and restriction of
appropriate sequences, and direct chemical synthesis.
Chemical synthesis methods may include, for example, the
phosphotriester method described by Narang et al. (1979),
the phosphodiester method disclosed by Brown et al.
(1979), the diethylphosphoramidate method disclosed in
Beaucage et al. (1981), and the solid support method in
U.S. Patent No. 4,458,066.

The primers may be labeled, if desired, by in-
corporating means detectable by spectroscopic, photo-
chemical, biochemical, immunochemical, or chemical means.

Template-dependent extension of the
oligonucleotide primer(s) is catalyzed by a polymerizing
agent in the presence of adequate amounts of the four
deoxyribonucleotide triphosphates (dATP, dGTP, dCTP and
dTTP) or analogs, in a reaction medium which is comprised
of the appropriate salts, metal cations, and pH buffering
system. Suitable polymerizing agents are enzymes known to
catalyze primer- and template-dependent DNA synthesis.
Known DNA polymerases include, for example, E. coli DNA
polymerase I or its Klenow fragment, T4 DNA polymerase,
and Tag DNA polymerase. The reaction conditions for
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catalyzing DNA synthesis with these DNA polymerases are
known in the art.

The products of the synthesis are duplex
molecules consisting of the template strands and the
primer extension strands, which include the target
sequence. ‘These products, in turn, serve as template for
another round of replication. In the second round of
replication, the primer extension strand of the first
cycle is annealed with its complementary primer; synthesis
yields a "short" product which is bounded on both the 5'-~
and the 3’'-ends by primer sequences or their complements.
Repeated cycles of denaturation, primer annealing, and
extension result in the exponential accumulation of the
target region defined by the primers. Sufficient cycles
are run to achieve the desired amount of polynucleotide
containing the target region of nucleic acid. The desired
amount may vary, and is determined by the function which
the product polynucleotide is to serve.

The PCR method can be performed in a number of
temporal sequences. For example, it can be performed
step-wise, where after each step new reagents are added,
or in a fashion where all of the reagents are added
simultaneously, or in a partial step-wise fashion, where
fresh reagents are added after a given number of steps.

In a preferred method, the PCR reaction is car-
ried out as an automated process which utilizes a
thermostable enzyme. In this process the reaction mixture
is cycled through a denaturing region, a primer annealing
region, and a reaction region. A machine may be employed
which is specifically adapted for use with a thermostable
enzyme, which utilizes temperature cycling without a
liquid handling system, since the_ enzyme need not be added
at every cycle. This type of machine is commercially
available from Perkin Elmer Cetus Corp.

After amplification by PCR, the target
polynucleotides are detected by hybridization with a probe
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polynucleotide which forms a stable hybrid with that of
the target sequence under stringent to moderately
stringent hybridization and wash conditions. If it is
expected that the probes will be completely complementary
(i.e., about 99% or greater) to the target sequence,
stringent conditions will be used. If some mismatching is
expected, for example if variant strains are expected with
the result that the probe will not be completely com-
plementary, the stringency of hybridization may be
lessened. However, conditions are chpsen which rule out
nonspecific/adventitious binding. Conditions which affect
hybridization, and which select against nonspecific bind-
ing are known in the art, and are described in, for
example, Maniatis et al. (1982). Generally, lower salt
concentration and higher temperature increase the
stringency of binding. For example, it is usually
considered that stringent conditions are incubation in
solutions which contain approximately 0.1 ¥ SSC, 0.1% SDS,
at about 65°C incubation/wash temperature, and moderately
stringent conditions are incubation in solutions which
contain approximately 1-2 X SSC, 0.1% SDS and about 50°-
65°C incubation/wash temperature. Low stringency condi-
tions are 2 X SSC and about 30°-50°cC.

Probes for HCV target sequences may be derived
from the HCV cDNA sequence shown in Fig. 18, or from new
HCV isolates. The HCV probes may be of any suitable
length which span the target region, but which exclude the
primers, and which allow specific hybridization to the
target region. 1If there is to be complete
complementarity, i.e., if the strain contains a sequence
identical to that of the probe, since the duplex will be
relatively stable under even stringent conditions, the
probes may be short, i.e., in the range of about 10-30
base pairs. If some degree of mismatch is expected with
the probe, i.e., if it is suspected that the probe will
hybridize to a variant region, the probe may be of greater
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length, since length seems to counterbalance some of the
effect of the mismatch(es). An example of this is found
in the Examples, where the probe was designed to bind to
potential variants of HCV1. 1In this case, the primers
were designed to bind to HCV cDNA derived from a hypo-
thetical conserved region of the HCV genome, and the
target region was one which potentially contained varia-
tions (based upon the Flavivirus model). The probe used
to detect the HCV target sequences contained approximately
268 base pairs.

The probe nucleic acid having a sequence com-
plementary to the target sequence may be synthesized using
similar techniques described supra. for the synthesis of
primer sequences. If desired, the probe may be labeled.
Appropriate labels are described supra.

In some cases, it may be desirable to determine
the length of the PCR product detected by the probe. This
may be particularly true if it is suspected that variant
HCV strains may contain deletions within the target
region, or if one wishes to confirm the length of the PCR
product. In such cases it is preferable to subject the
products to size analysis as well as hybridization with
the probe. Methods for determining the size of nucleic
acids are known in the art, and include, for example, gel
electrophoresis, sedimentation in gradients, and gel
exclusion chrdmatography.

The presence of the target sequence in a bio-
logical sample is detected by determining whether a hybrid
has been formed between the HCV polynucleotide probe and
the nucleic acid subjected to the PCR amplification
technique. Methods to detect hybrids formed between a
probe and a nucleic acid sequence are known in the art.
For example, for convenience, an unlabeled sample may be
transferred to a solid matrix to which it binds, and the
bound sample subjected to conditions which allow specific
hybridization with a labeled probe; the solid matrix is
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than examined for the presence of the labeled probe.
Alternatively, if the sample is labeled, the unlabeled
probe is bound to the matrix, and after the exposure to
the appropriate hybridization conditions, the matrix is
examined for the presence of label. Other suitable
hybridization assays are described supra.

Determination of Variant HCV Sequences Using PCR

In order to identify variant HCV strains, and
thereby to design probes for those variants, the above
described HCV/cPCR method is utilized to amplify variant
regions of the HCV genome, so that the nucleotide
sequences of these variant target regions can be
determined. Generally, variant types of HCV might be
expected to occur in different geographic locations than
that in which the HCV1 strain is predominant, for example,
Japan, Africa, etc.; or in different vertebrate species
which are also infected with the virus. Variant HCV may
also arise during passage in tissue culture systems, or be
the result of spontaneous or induced mutations.

In order to amplify the variant target region,
primers are designed to flank the suspect region, and
preferably are complementary to conserved regions. Prim-
ers to two regions of HCV which are probably conserved,
based upon the Flavivirus model, are described in the
Examples. These primers and probes may be designed
utilizing the sequence information for the HCV1 strain

provided in Fig. 18.

Analysis of the nucleotide sequence of the
target region(s) may be by direct analysis of the PCR
amplified products. A process for direct sequence
analysis of PCR amplified products is described in Saiki
et al. (1988).

Alternatively, the amplified target sequence(s)
may be cloned prior to sequence analysis. A method for
the direct cloning and sequence analysis of enzymatically
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amplified genomic segments has been described by Scharf
(1986). In the method, the primers used in the PCR
technique are modified near their 5’'-ends to produce
convenient restriction sites for cloning directly into,
for example, an M13 sequencing vector. After amplifica-
tion, the PCR products are cleaved with the appropriate
restriction énzymes. The restriction fragments are
ligated into the M13 vector, and transformed into, for
example, a JM 103 host, plated out, and the resulting
plagques are screened by hybridization with a labeled
oligonucleotide probe. Other methods for cloning and
sequence analysis are known in the art.

Universal Primers for Flaviviruses and for HCV"

Studies of the nature of the genome of the HCV,
utilizing probes derived from the HCV cDNA, as well as
sequence information contained within the HCV cDNA, are
suggestive that HCV is a Flavi-like virus. These studies
are described in E.P.0. publication No. 318,216 owned by
the herein assignee, and which is incorporated herein in
its entirety. A comparison of the HCV cDNA sequence
derived from the HCV cDNA clones with known sequences of a
number of Flaviviruses show that HCV contains sequences
which are homologous to conserved sequences in the
Flaviviruses. These conserved sequences may allow the
creation of primers which may be universal in their ap-
plication for amplification of target regions of
Flaviviruses, and for HCV. These sequences are the lé-mer
or smaller sequences from the 3‘'-termini of the primers
described in the Examples. Identification of the species
is then accomplished utilizing a probe specific for the
species. The genomes of a number of Flaviviruses are
known in the art, and include, for example, Japanese
Encephalitis Virus (Sumiyoshi et al. (1987)), Yellow Fever
Virus (Rice et al. (1985)), Dengue Type 2 Virus (Hahn et
al. (1988)), Dengue Type 4 Virus (Mackow (1987)), and West
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Nile Virus (Castle et al. (1986)). Identification of HCV
RNA is accomplished utilizing a probe specific for HCV,
the sequence of which can be determined the HCV cDNA
sequences provided herein.

Alternatively, utilization of sets of probe(s)
designed to account for codon degeneracy and therefore
contain common sequences to the Flaviviruses and to HCV,
as determined by a comparison of HCV amino acid sequences
with the known sequences of the Flaviviruses, allows a
general detection system for these viruses,

Construction of Desired DNA Seguences

Synthetic oligonucleotides may be prepared using
an automated oligonucleotide synthesizer as described by
Warner (1984). If desired the synthetic strands may be
labeled with 32P by treatment with polynucleotide kinase

in the presence of 32P-ATP, using standard conditions for

the reaction.

DNA sequences, including those isolated from
cDNA libraries, may be modified by known techniques,
including, for example site directed mutagenesis, as
described by Zoller (1982). Briefly, the DNA to be
modified is packaged into phage as a single stranded
sequence, and converted to a double stranded DNA with DNA
polymerase using, as a primer, a synthetic oligonucleotide
complementary to the portion of the DNA to be modified,
and having the desired modification included in its own
sequence. The resulting double stranded DNA is
transformed into a phage supporting host bacterium.
Cultures of the transformed bacteria, which contain
replications of each strand of the phage, are plated in
agar to obtain plaques. Theoretically, 50% of the new
plagues contain phage having the mutated sequence, and the
remaining 50% have the original sequence. Replicates of
the plagues are hybridized to labeled synthetic probe at
temperatures and conditions which permit hybridization
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with the correct strand, but not with the unmodified
sequence. The sequences which have been identified by
hybridization are recovered and cloned.

Kits for Screening for HCV Derived Polynucleotides

Oligomers which are probes and/or primers for
amplification and/or screening of samples for HCV can be
packaged into kits. Kits for screening for HCV sequences
include the oligomeric probe DNAs. Kits for amplification
of- HCV sequences may include the oligomeric primers used
in the amplification. The kits usually contain the probes
or primers in a premeasured or predetermined amount, as
well as other suitably packaged reagents and materials, in
separate suitable containers, needed for the particular
hybridization and/or amplification protocol(s). For
example, the kit may contain standaids, buffers, supports,
enzymes, substrates, label probes, binding partners, and/
or instructions for conducting the test.

Examples
Described below are examples of the present

invention which are provided only for illustrative
purposes, and not to limit the scope of the present inven-
tion.

Isolation and Segquence of Overlapping
HCV cDNA Clones 13i, 263, CAS5%a, CAB4a, CAlS56e and CAl67b

The clones 13i, 26j, CA59a, CAB4a, CAlS6e and
CAl67b were isolated from the lambda-gtll library which
contains HCV c¢DNA (ATCC No. 40394), the preparation of
which is described in E.P.QO. Publication No. 318,216
(published 31 May 1989), and WO 839/04669 (published 1 June
1989). Screening of the library was with the probes

described infra., using the method described in Huynh
(1985). The frequencies with which positive clones ap-
peared with the respective probes was about 1 in 50,000.
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The isolation of clone 13i was accomplished

using a synthetic probe derived from the sequence of clone
12f. The sequence of the probe was:

5’ GAA CGT TGC GAT CTG GAA GAC AGG GAC AGG 3'.

The isolation of clone 26j was accomplished
using a probe derived from the 5‘'~region of clone K9-1.
The sequence of the probe was:

5’ TAT CAG TTA TGC CAAR CGG AAG CGG CCC CGA 3’.

The isolation procedures for clone 12f and for
clone k9-1 (also called K9-1) are described in E.P.O.
Publication No. 318,216, and their sequences are shown in
Figs. 1 and 2, respectively. The HCV cDNA sequences of
clones 13i and 26j, are shown in Figs. 4 and 5,
respectively. Also shown are the amino acids encoded
therein, as well as the overlap of clone 13i with clone
12f, and the overlap of clone 26j with clone 13i. The
sequences for these clones confirmed the sequence of clone
K9-1. Clone K9-1 had been isolated from a different HCV
cDNA library (See E.P.0. Publication No. 218,316).

Clone CA59a was isolated utilizing a probe based
upon the sequence of the Sf-region of clone 26j. The
sequence of this probe was:

5’ CTG GTT AGC AGG GCT TTT CTA TCA CCA CAA 3'.

A probe derived from the sequence of clone CA59a
was used to isolate clone CA84a. The sequence of the
probe used for this isolation was:

S’ AAG GTC CTG GTA GTG CTG CTG CTA TTT GCC 3.
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Clone CAl56e was isolated using a probe derived
from the sequence of clone CA84a. The sequence of the

probe was:

5’ ACT GGA CGA CGC AAG GTT GCA ATT GCT CTA 3’.

Clone CAl67b was isolated using a probe derived
from the sequence of clone CA 156e. The sequence of the

probe was:

S’ TTC GAC GTC ACA TCG ATC TGC TTG TCG GGA 3'.

The nucleotide sequences of the HCV cDNAs in
clones CAS59a, CAB84a, CAlS6e, and CAl67b, are shown Figs.
6, 7, 8, and 9, respectively. The amino acids encoded
therein, as well as the overlap with the sequences of
relevant clones, are also shown in the figures.

Creation of "pi" HCV cDNA Library

A library of HCV cDNA, the "pi" library, was
constructed from the same batch of infectious chimpanzee
plasma used to construct the lambda-gtll HCV cDNA library
(ATCC No. 40394) described in E.P.0. Publication No.
318,216, and utilizing essentially the same techniques.
However, construction of the pi library utilized a primer-
extension method, in which the primer for reverse
transcriptase was based on the sequence of clone CAS59a.

The sequence of the primer was:

S’ GGT GAC GTG GGT TTC 3'.

Isclation and Sequence of Clone pilda

Screening of the "pi” HCV cDNA library described
supra., with the probe used to isolate clone CAl€7b (See
supra.) yielded clone pil4a. The clone contains about 800
base pairs of cDNA which overlaps clones CAl67b, CAlS56e,
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CA84a and CAS59a, which were isolated from the lambda gt-11
HCV cDNA library (ATCC No. 40394). In addition, pil4a also
contains about 250 base pairs of DNA which are upstream of
the HCV cDNA in clone CAl67b.

Isolation and Sequence of Clones CA2l6a, CA290a and ag30a
Based on the sequence of clone CAl67b a
synthetic probe was made having the following sequence:

5’ GGC TTT ACC ACG TCA CCA ATG ATT GCC CTA 3°

The above probe was used to screen the , which yielded
clone CA216a, whose HCV sequences are shown in Fig. 10.

Another probe was made based on the sequence of
clone CA216a having the following sequence:

5’ TTT GGG TAA GGT CAT CGA TAC CCT TAC GTG 3'

Screening the lambda-gtll library (ATCC No. 40394) with
this probe yielded clone CA290a, the HCV sequences therein
being shown in Fig. 11.

In a parallel approach, a primer-extension cDNA
library was made using nucleic acid extracted from the
same infectious plasma used in the original lambda-gtll
cDNA library described above. The primer used was based
on the sequence of clones CA216a and CA290a:

S5’ GAA GCC GCA CGT AAG 3’
The cDNA library was made using methods similar to those
described previously for libraries used in the isoclation
of clones pil4a and k9-1. The probe used to screen this

library was based on the sequence of clone CA290a:

5’ CCG GCG TAG GTC GCG CAA TTT GGG TAA 3
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Clone ag30a was isolated from the new library with the
above probe, and contained about 670 basepairs of HCV
sequence. See Fig. 12. Part of this sequence overlaps
the HCV sequence of clones CA216a and CA290a. About 300
base-pairs of the ag30a sequence, however, is upstream of
the sequence from clone CA290a. The non-overlapping
sequence shows a start codon (*) and stop codons that may
indicate the start of the HCV ORF. Also indicated in Fig.
12 are putative small encoded peptides (#) which may play
a role in regulating translation, as well as the putative
first amino acid of the putative polypeptide (/), and
downstream amino acids encoded therein.

Isolation and Sequence of Clone CA205a

Clone CA205a was isolated from the original
lambda gt-11 library (ATCC No. 40394), using a synthetic
probe derived from the HCV sequence in clone CA290a (Fig.
11). The sequence of the probe was:

5' TCA GAT CGT TGG TGG AGT TTA CTT GTT GCC 3’'.

The sequence of the HCV c¢DNA in CA205a, shown in Fig. 13,
overlaps with the cDNA sequences in both clones ag30a and
CA290a. The overlap of the sequence with that of CA290a
is shown by the dotted line above the sequence (the figure
also shows the putative amino acids encoded in this frag-
ment).

As observed from the HCV cDNA sequences in
clones CA205a and ag30a, the putative HCV polyprotein ap-
pears to begin at the ATG start codon; the HCV sequences
in both clones contain an in-frame, contiguous double stop
codon (TGATAG) forty two nucleotides upstream from this
ATG. The HCV ORF appears to begin after these stop
codons, and to extend for at least 8907 nucleotides (See
the composite HCV cDNA shown in Fig. 18).
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Isolation and Sequence of Clone 18qg

Based on the sequence of clone ag30a (See Fig.
12) and of an overlapping clone from the original lambda
gt-11 library (ATCC No. 40394), CA230a, a synthetic probe
was made having the following sequence:

5’ CCA TAG TGG TCT GCG GAA CCG GTG AGT ACA 3’.

Screening of the original lambda-gtll HCV cDNA library
with the probe yielded clone 18g, the HCV cDNA sequence of
which is shown in Fig. 14. Also shown in the figure are
the overlap with clone ag3la, and putative polypeptides
encoded within the HCV cDNA. -

The cDNA in clone 18g (Cl8g or 18g) overlaps
that in clones ag30a and CA205a, described supra. The
sequence of Cl8g also contains the double stop codon
region observed in clone ag30a. The polynucleotide region
upstream of these stop codons presumably represents part
of the 5’'-region of the HCV genome, which may contain
short ORFs, and which can be confirmed by direct sequenc-
ing of the purified HCV genome. These putative small
encoded peptides may play a regulatory role in transla-
tion. The region of the HCV genome upstream of that
represented by C18g can be isolated for sequence analysis
using essentially the technique described in E.P.O.
Publication No. 318,216 for isolating cDNA sequences
upstream of the HCV cDNA sequence in clone 12f£. Es-
sentially, small synthetic oligonucleotide primers of
reverse transcriptase, which are based upon the sequence
of Cl8g, are synthesized and used to bind to the cor-
responding sequence in HCV genomic RNA. The primer
sequences are proximal to the known 5’'-terminal of Cl8g,
but sufficiently downstream to allow the design of probe
sequences upstream of the primer sequences. Known
standard methods of priming and cloning ar eused. The
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resulting cDNA libraries are screened with sequences
upstream of the priming sites (as deduced from the
elucidated sequence of Cl18g). The HCV genomic RNA is
obtained from either plasma or liver samples from
individuals with NANBH. Since HCV appears to be a Flavi-
like virus, the 5’'-terminus of the genome may be modified
with a "cap" structure. It is known that Flavivirus
genomes contain 5’'-terminal “cap" structures. (Yellow
Fever virus, Rice et al. (1988); Dengue virus, Hahn et al
(1988); Japanese Encephalitis Virus (1987)).

Isolation and Sequence of Clones from
the beta-HCV cDNA library

Clones containing cDNA representative of the 3'-
terminal region of the HCV genome were isolated from a
cDNA library constructed from the original infectious
chimpanzee plasma pool which was used for the creation of
the HCV cDNA lambda-gtll library (ATCC No. 40394),
described in E.P.0. Publication No. 318,216. In order to
create the DNA library, RNA extracted from the plasma was
“tailed” with poly rA using poly (rA) polymerase, and cDNA
was synthesized using oligo(dT)12_18 as a primer for
reverse transcriptase. The resulting RNA:cDNA hybrid was
digested with RNAase H, and converted to double stranded
HCV cDNA. The resulting HCV cDNA was cloned into lambda-
gt1l0, using essentially the technique described in Huynh
(1985), yielding the beta (or b) HCV cDNA library. The
procedures used were as follows.

An aliquot (12ml) of the plasma was treated with
proteinase K, and extracted with an equal volume of phenol
saturated with 0.05M Tris-Cl, pH 7.5, 0.05% (v/v) beta-
mercaptoethanol, 0.1% (w/v) hydroxyquinolone, 1 mM EDTA.
The resulting aqueous phase was re-extracted with the
phenol mixture, followed by 3 extractions with a 1:1
mixture containing phenol and chloroform:isoamyl alcohol
(24:1), followed by 2 extractions with a mixture of
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chloroform and isoamyl alcohol (1:1). Subsequent to
adjustment of the agueous phase to 200 mM with respect to
NaCl, nucleic acids in the aqueous phase were precipitated
overnigat at -ZOOC, with 2.5 volumes of cold absolute
ethanol. The precipitates were collected by centrifuga-
tion at 10,000 RPM for 40 min., washed with 70% ethanol
containing 20 mM NaCl, and with 100% cold ethanol, dried
for 5 min. in a dessicator, and dissolved in water.

The isolated nucleic acids from the infectious
chimpanzee plasma pool were tailed with poly rA utilizing
poly-A polymerase in the presence of human placenta
ribonuclease inhibitor (HPRI) (purchased from Amersham
Corp.), utilizing MS2 RNA as carrier. 1Isolated nucleic
acids equivalent to that in 2 ml of plasma were incubated
in a solution containing TMN (50 mM Tris HCl, pH 7.9, 10
mM MgCl,, 250 mM NaCl, 2.5 mM3gnC12, 2 mM dithiothreitol
(DTT)), 40 micromolar alpha-{~““P] ATP, 20 units HPRI
(Amersham Corp.), and about 9 to 10 units of RNase free
poly-A polymerase (BRL). Incubation was for 10 min. at
37°C, and the reactions were stopped with EDTA (final
concentration about 250 mM). The solution was extracted
with an equal volume of phenol-chloroform, and with an
equal volume of chloroform, and nucleic acids were
precipitated overnight at -20°C with 2.5 volumes of
ethanol in the presence of 200 mM NaCl.

Isclation of Clone bSa
The beta HCV cDNA library was screened by
hybridization using a synthetic probe, which had a
sequence based upon the HCV cDNA sequence in clone 15e.
The isolation of clone 15e is described in E.P.O. Publica-
tion No. 318,216, and its sequence is shown in Fig. 3.
The sequence of the synthetic probe was:

5’ ATT GCG AGA TCT ACG GGG CCT GCT ACT CCA 3°.
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Screening of the library yielded clone beta-5a (b5a),
which contains an HCV cDNA region of approximately 1000
base pairs. The 5’'-region of this cDNA overlaps clones
35f, 1%g, 26g, and 15e (these clones are described supra).
The region between the 3’-~terminal poly-A sequence and the
3’-sequence which overlaps clone 1l5e, contains ap-
proximately 200 base pairs. This clone allows the
identification of a region of the 3‘-terminal sequence the
HCV genome.

The sequence of bS5a is contained within the
sequence of the HCV cDNA in clone 16jh (described infra).
Moreover, the sequence is also present in CC34a, isolated
from the original lambda-gtll library>(ATCC No. 40394).
(The original lambda-gtll library is referred to herein as
the "C" library).

Isolation and Sequence of Clones Generated by PCR
Amplification of the 3’'-Region of the HCV Genome
Multiple cDNA clones have been generated which

contain nucleotide sequences derived from the 3’'-region of
the HCV genome. This was accomplished by amplifying a
targeted region of the genome by a polymerase chain re-
action technique described in Saiki et al. (1986), and in
Saiki et al. (1988), which was modified as described
below. The HCV RNA which was amplified was obtained from
the original infectious chimpanzee plasma pool which was
used for the creation of the HCV cDNA lambda-gtll library
(ATCC No. 40394) described in E.P.0O. Publication No.
318,216. Isolation of the HCV RNA was as described supra.
The isolated RNA was tailed at the 3'-end with ATP by E.
coli poly-A polymerase as described in Sippel (1973),
except that the nucleic acids isclated from chimp serum
were substituted for the nucleic acid substrate. The
tailed RNA was then reverse transcribed into cDNA by
reverse transcriptase, using an oligo dT-primer adapter,
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essentially as described by Han (1987), except that the
components and sequence of the primer-adapter were:

Stuffer Notl SP6 Promoter Primer
AATTC GCGGCCGC CATACGATTTAGGTGACACTATAGAA TlS

The resultant cDNA was subjected to amplification by PCR
using two primers:

Primer Sequence
JH32 (30mer) ATAGCGGCCGCCCTCGATTGCGAGATCTAC

JH11 (20mer) AATTCGGGCGGCCGCCATACGA

The JH32 primer contained 20 nucleotide sequences
hybridizable to the 5’-end of the target region in the
cDNA, with an estimated Tm of 66°C. The JH1l was derived
from a portion of the oligo dT-primer adapter; thus, it is
specific to the 3’'-end of the cDNA with a Th of 64°C.
Both primers were designed to have a recognition site for
the restriction enzyme, NotI, at the 5’-end, for use in
subsequent cloning of the amplified HCV cDNA.

The PCR reaction was carried out by suspending
the cDNA and the primers in 100 microliters of reaction
mixture containing the four deoxynucleoside triphosphates,
buffer salts and metal ions, and a thermostable DNA
polymerase isolated from Thermus aquaticus (Taq
polymerase), which are in a Perkin Elmer Cetus PCR kit
(N801-0043 or N801-0055). The PCR reaction was performed
for 35 cycles in a Perkin Elmer Cetus DNA thermal cycler.
Each cycle consisted of a 1.5 min denaturation step at
94°C, an annealing step at 60°C for 2 min, and a primer
extension step at. 72°C for 3 min. The BCR products were
subjected to Southern blot analysis using a 30 nucleotide
probe, JH34, the sequence of which was based upon that of
the 3’'-terminal region of clone 15e. The sequence of JH34

is:
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5’ CTT GAT CTA CCT CCA ATC ATT CAA AGA CTC 3°.

The PCR products detected by the HCV cDNA probe ranged in
size from about 50 to about 400 base pairs.

In order to clone the amplified HCV cDNA, the
PCR products were cleaved with NotI and size selected by
polyacrylamide gél electrophoresis. DNA larger than 300
base pairs was cloned into the NotlI site of pUC18S The
vector pUC18S is constructed by including a NotI
polylinker cloned between the EcoRI and. Sall sites of
pUCl18. The clones were screened for HCV cDNA using the
JH34 probe. A number of positive clones were obtained and
sequenced. The nucleotide sequence of the HCV cDNA insert
in one of these clones, 16jh, and ;he amino acids encoded
therein, are shown in Fig. 15. A nucleotide heterogene-
ity, detected in the sequence of the HCV cDNA in clone
16jh as compared to another clone of this region, is
indicated in the figure.

Isolation and Sequence of Clone 6k
Based on the sequence of clone 16jh and clone
bSa (see supra), a synthetic probe was made having the
following sequence:

S’ TCT TCA ACT GGG CAG TAA GAA CAA AGC TCA 3’.

Screening of the original lambda-gtll HCV cDNA library
(described in E.P.O. Publication No. 318,216) with the
probe yielded clones with a frequency of approximately 1
in 106; one of these was called clone 6k (also called
C6k), the HCV cDNA sequence of which is shown in Fig. 16.
Also shown in the figure are the overlap with clone 16jh,
and putative polypeptides encoded within the HCV cDNA.
Sequence information on the HCV c¢DNA in clone 6k was
obtained from only one strand. Information on the deposit
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of this clone is provided infra, wherein the clone is
listed as Lambda gtll C6k. Confirmation of the C6K
sequence as part of an ORF encoding HCV1 polypeptide has
been obtained by sequencing other overlapping clones.

Isolation and Sequence of Clone pl31lih

A clone containing sequence from the 3’-region
of the HCV genome, and which contains an in-frame stop
codon, was isolated essentially as described supra., for
the isolation of clones generated by PCR amplification of
the 3’'region of the genome, except that HCV1 RNA was
converted to cDNA using the oligonucleotide

5’ AAT TCG CGG CCG CCA TAC GAT TTA GGT GAC

ACT ATA GAA T15 3.

The cDNA was then amplified by the PCR reaction using the
primers:

5’ TTC GCG GCC GCT ACA GCG GGG GAG ACA T 3'
and
S’ AAT TCG CGG CCG CCA TAC GA 3'.

After amplification, the PCR products were
precipitated with spermine, digested with NotI, and
extracted with phenol. The purified products were cloned
into the NotI site of pUC18S, and HCV positive clones were
selected using the oligonucleotide:

5’ CGA TGA AGG TTG GGG TAA ACA CTC CGG CCT 3.

The HCV cDNA in one clone, designated pl3ljh, is shown in
Fig. 17. This clone contains an in-frame stop codon for
the large ORF contained in the HCV genome.
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Isolation and Sequence of Clone 5'-clone32
A clone containing sequence from the 5’-region

of the HCV genome, upstream of the sequence in clone
bll4a, was isolated and the nucleotide sequence determined
by a modification of the method for the isolation and
sequence of clones generated by PCR amplification of the
3’-region of the genome, described in U.S.S.N. 456,637,
which is incorporated by reference. Generally, a target
region of the genome was amplified by the PCR technique

described in Saiki et al. (1986), and in Saiki et al

(1988). The HCV RNA which was amplified was obtained by
extracting human serum (U.S. clinical isolate, HCV27)
using a cold guanidinium thiocyanate method described by
Han et al. (1987). The extracted RNA was converted into
single stranded cDNA with reverse transcriptase, using a
primer, JH94, which is complementary to nucleotides =250
to -223 of the HCV genome (see Fig. 18). The sequence of
JH94 is:

S’ CCT GCG GCC GCA CGA CAC TCA TAC TAA 3’.

Conversion of single- to double-stranded HCV cDNA was ac-
complished by tailing the DNA with approximately 20 to 50
dA residues using terminal deoxynucleotidyl transferase
(Sambrook et al. (1959), MOLECULAR CLONING), and replicat-
ing the tailed molecule using the following oligo-dT
primer-adapter, which contains a NotI site, and an spé6
promoter:

Stuffer Notl SP6 Promoter Primer
AATTC GCGGCCGC CATACGATTTAGGTGACACTATAGAA T15

The resultant cDNA was subjected to amplification by FPCR
using two primers, JH94 (described supra.) and JH1ll, which

has the following sequence.
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Primer Sequence
JH11 (20mer) AATTCGGGCGGCCGCCATACGA

The PCR reaction was carried out bj suspending
the cDNA and the primers in 100 microliters of reaction
mixture containing the four deoxynucleoside triphosphates,
buffer salts and metal ions, and a thermostable DNA
polymerase isolated from Thermus aquaticus (Taq
polymerase), which are in a Perkin Elmer Cetus PCR kit
(N801-0043 or N801-0055).. The PCR reaction was performed
for 35 cycles in a Perkin Elmer Cetus DNA thermal cycler.
Each cycle consisted of a 1.5 min denaturation step at
94°C, an annealing step at 60°C for 2 min, and a primer
extension step at 72°C for 3 min.

The PCR products were digested with NotI, and
cloned into pUC18S. Clones containing HCV nucleotide
sequences were obtained by screening with a probe, Alex90,
which is derived from nucleotides -312 to -283 of the HCV1
genome, and which has the sequence:

5’ ACC ATG AAT CAC TCC CCT GTG AGG AAC TAC 3'.

The HCV cDNAs in the isolated clones were sequenced by the
dideoxy chain termination method (Sanger et al. (1377)).
The sequence of HCV cDNA in one of the isolated clones,
5’-clone32, spans the region of nucleotides -224 to -341
in Fig. 18.

An analysis of the nucleotide sequence of the
HCV cDNA showed that the replicate of the HCV RNA strand
contains a GC-rich stretch which may be capable of forming
a stable hairpin structure:
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G-T A
A C-C-C-C-C-G C-C-G 5'
T-G-G-G-G-G-C-G-A-C 3.

In the structure, the dashed lines indicate possible
hydrogen bonds between complementary nucleotides.

A search in the computer database, Genebank,
revealed that homologous sequences were absent from known
viral sequences. Thus, this sequence may be unique to the
5’-terminus of the HCV genome.

A hairpin structure may serve as a recognition
signal for a transcriptase and/or it may contribute to the
stability of the RNA at the 5’'-terminus.

Compiled HCV cDNA Segquences

An HCV cDNA sequence has been compiled from a
series of overlapping clones derived from various HCV cDNA
libraries described herein, and in E.P.O. Publication No.
318,216. The clones from which Fig. 18 has been derived
are clone 5'-32, bll4a, 18g, ag30a, CA205a, CA290a,
CA216a, pil4a, CAl67b, CAl56e, CAB4a, CAS59a, K9-1 (also
called k9-1), 26j, 13i, 12f, 14i, 11b, 7f, 7e, 8h, 33c,
40b, 37b, 35, 36, 81, 32, 33b, 25c, 1l4c, 8f, 33f, 33g,
39¢c, 35f, 19g, 26g, 15e, bSa, 16jh, C6k and pl3ljh. The
methods for isolation of these clones, as well as their
sequences, are discussed herein, and in E.P.0O. Publication
No. 318,216, which is incorporated herein by reference.
In Fig. 18, the three dashes above the sequence indicate
the position of the putative initiator methionine codon.

Clone bll4a overlaps with clones 18g, ag30a, and
CA205a, except that clone bll4a contains an extra two
nucleotides upstream of the sequence in clone 1l8g (i.e.,
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5'-CA). These extra two nucleotides have been included in
the HCV genomic sequence shown in Fig. 18.

It should be noted that although several of the
clones described supra. have been obtained from libraries
other than the original HCV cDNA lambda-gtll C library
(ATCC No. 40394), these clones contain HCV cDNA sequences
which overlap HCV cDNA sequences in the origidal library.
Thus, essentially all of the HCV sequence is derivable
from the original lambda-gtll C library (ATCC No. 40394)
which was used to isolate the first HCV cDNA clone (5-1-
1). The isolation of clone 5-1-1 is described in E.P.O.
Publication No. 318,216, which is incorporated herein by
reference. ' _

The putative sequence of the major HCV
polyprotein encoded in the composite of HCV1 cDNA is also
shown. The first amino acid in the-sequence is the puta-
tive initiator methionine of the large ORF. The variant
amino acids, due to the clonal heterogeneities, are
indicated above the sequence. Since the lambda gtll
library was created from serum obtained from one
individual (see E.P.O. Publication No. 318,216), the
results suggest that variant viral sequences (both
nucleotide and amino acid) are present in that individual.

An examination of the composite HCV cDNA
sequence shows that besides the large ORF, there are a
number of ORFs upstream of that encoding the polyprotein,
and within the sequence encoding the polyprotein there are
a large number of smaller ORFs in the other two
translational frames. The ORFs upstream of the HCV
polyprotein are shown in the Table immediately below.
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Table
ORFs Upstream of that Encoding the Large
HCV Polyprotein

Nucl. # Translation Frame Amino Acid Sequence

-310 _ 1 MNHSPVRNYCLHAESV

-329 3 MGATLHHESLPCEELL
SSRRERLAMALV

-246 2 MSVVQPPGPPLPGEP

-127 1 MPGDLGVPPQDC

The reading frame, position, and size of the ORFs

downstream of the sequence encoding the putative initiator
MET of the polyprotein are shown in the Table below. The
major polyprotein is that translated from reading frame 2.

Table
QORFs Downstream of the Putative Initiator MET
Encoding Sequence

Reading Frame Size(aa) Position(bp)
1 168 696 .
1 105 2343
1 119 5616
2 3025 -42
3 160 5
3 111 1667
3 148 6893

In addition to the above, an examination of the
sequence which is complementary to the genomic strand of
HCV RNA also contains several small ORFs. One of these
ORFs, which is complementary to nucleotides -341 to +837
in the HCV RNA sequence, encodes a polypeptide of 385
amino acids.
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Comparison of the Sequences of 5’'-Regions
Obtained from HCV Isolates from Different
Geographical Locations
Nucleotide sequences from the 5‘- regions of HCV
isolates from the U.S.A. (HCV18, HCV27), from Italy
(HCVI1l, HCVI24), and from Korea (HCVKl) were compared.
Isolation of the HCV cDNA sequences was es-
sentially as described supra., for the isolation of 5'-
clone32, except for the following. The extracted RNA was
reverse-transcribed into cDNA using as primers either JHS1
or rls§, which are complementary to HCV nucleotides -90 to
-73 and 366 to 383, respectively. The sequences of these

primers are as follows.

Primer Sequence
JH51 5’ CCC AAC ACT ACT CGG CTA 3¢
rlé 5' CAC GTA AGG GTA TCG ATG 3°

Amplification of the HCV dsDNA was by the PCR method using
JH93 and JHS2 as 5'- and 3'~ primers, respectively. The
HCV sequence in JH93 is derived from HCV nucleotides -317
to -296, that in JH52 is from HCV nucleotides -93 to -117;
the nucleotide numbers are indicated in parentheses below
the sequences. In JH52 the underlined dinucleotide has
been mutated to create the Notl site. The sequences of
these primers are the following.

(Primer) Stuffer Notl HCV sequence
(JH93) 5 TTC GCGGCCGC ACTCCATGAATCACTCCCC 3’
(=317} (-296)
(JH52) 5’ AGTCTT GCGGCCGC ACGCCCAAATC 3’
(=93) (-117)
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After amplification, the PCR products were cleaved by
NotI, and cloned into pUC18S. The HCV cDNAs were
sequenced either by direct sequencing after amplification
by PCR, or alternatively, the cloned HCV cDNAs were
sequenced by the primer extension and the dideoxy method.
Primer extension and the dideoxy method of sequencing were
performed as described supra., for the sequenée of 5'=-
clone32.

The PCR method for direct sequencing used Alex$0
(see supra. for the sequence) as the 5'-primer, and r2S as
the 3’'-primer. Alex90 is derived from HCV nucleotides
-312 to -283, and r25 is derived from nucleotides 365 to
342 (See Fig. 18). The sequence of r25 is:

5’ ACC TTA CCC AAA TTG CGC GAC CTA 3'.

A comparison of the sequences of the 5'-region
of HCV27, HCVK1l, HCVI1l, HCVI24, and HCV18 with the
sequence of the prototype HCV, HCV1, showed the following.
The examined 5’- region is highly conserved amongst the 5
HCV isolates. The sequences appeared to be identical
except for one nucleotide which was deleted at position -
171 in HCVI24, and for the ambiguity in four nucleotides
at positions -222 to =219 in isolate HCVKI1.

The high levels of sequence conservation in this
region may reflect the role of this region in viral
replication, and/or transcription, and/or translation.

Seguence Variations in HCV Isolates
from Different Individuals

Isolates of HCV which contain sequences which
deviate from CDC/HCV1 were identified in human
individuals, some of whom were serologically positive for
anti-Cl100-3 antibodies (EC10 was antibody negative).
Identification of these new isolates was accomplished by
cloning and sequencing segments of the HCV genome which
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had been amplified by the PCR technique using CDC/HC1
sequences. Amplification was accomplished essentially
based on an HCV/cPCR method. The method utilizes primers
and probes based upon the HCV cDNA sequences described
herein. The first step in the method is the synthesis of
a cDNA to either the HCV genome, or its replicative inter-
mediate, using reverse transcriptase. After éynthesis of
the HCV cDNA, and prior to amplification, the RNA in the
sample is degraded by techniques known in the art. A
designated segment of the HCV cDNA is then amplified by
the use of the appropriate primers. The amplified
sequences are cloned, and clones containing the amplified
sequences are detected by a probe which is complementary
to a sequence lying between the primers, but which does
not overlap the primers.

HCV Isolates Isolated from Humans in the U.S.

Blood samples which were used as a source of HCV
virions were obtained from the American Red Cross in
Charlotte, North Carolina, and from the Community Blood
Center of Kansas, Kansas City, Missouri. The samples were
screened for antibodies to the HCV C100-3 antigen using an
ELISA assay as described in E.P.0. Publication No.
318,216, and subjected to supplemental Western blot
analysis using a polyclonal goat anti-human HRP to measure
anti-HCV antibodies. Two samples, #23 and #27, from the
American Red Cross and from the Community Blood Center of
Kansas, respectively, were determined to be HCV positive

by these assays.
Viral particles present in the serum of these

samples were isolated by ultracentrifugation under the
conditions described by Bradley et al. (1985). RNA was
extracted from the particles by digestion with proteinase
K and SDS at final concentrations of 10 micrograms/ml
proteinase K, and 0.1% SDS; digestion was for 1 hour at
37°C. viral RNA was further purified by extraction with
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chloroform-phenol, as described in E.P.O. Publication No.
318,216.

HCV RNA in the preparation of RNA was reverse
transcribed into cDNA essentially as described in E.P.O.
Publication No. 318,216, except that the oligonucleotide
JHC 7, which corresponds to the cDNA sequence 1958-1939,

"and which has the following sequence, was used as primer

for the reverse transcriptase reaction.
JHC 7: CCA GCG GTG GCC TGG TAT TG.

After both strands of the cDNA were synthesized,
the resulting cDNA was then amplified by the PCR method
essentially as described supra. for the isolation of
clones generated by PCR amplification, except that the
oligonucleotide primers used, i.e., JHC 6 and ALX 80, were
designed to amplify a 1080 nucleotide segment of the HCV
gencme from CDC/HCV1 nucleotides 673 to 1751. The prim-
ers, in addition, are designed to incorporate a NOT I
restriction site at the 3'-end of the PCR product, and a
blunt end at the 5’'-terminus. The sequences of the prim-

ers is:

ALX 80: TTT GGG TAA GGT CAT CGA TAC CCT TAC GTG;
and

JHC 6: ATA TGC GGC CGC CTT CCG TTG GCA TAA.

ALX 80 corresponds to nucleotides 673-702 of the CDC/HCV1
sequence; JHC 6 corresponds to nucleotides 1752-1738 of
the HCV1 (in addition there are 12 extra nucleotides which
encode a NotlI site). The designation of nucleotides in
JHC 6, i.e., a declining number, indicates the placement
in the anti-sense strand.
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After PCR amplification with the above described
primers, the blunt end terminus was converted into a NOT I
site as follows. A homopolymer tail of 15 dGs was at-
tached to the PCR product using terminal deoxynucleotide
transferase, and the products were again subjected to
amplification by PCR using as primers JHC 6 and JHC 13.
The latter primer, JHC 13, the sequence of which follows,
is designed to contain a NOT I site in addition to an SP6
phage promoter. (The SP6 promoter is described in GENETIC
ENGINEERING, J. Setlow Ed. (1988).

JHC 13: AAT TCG CGG CCG CCA TAC GAT TTA GGT GAC
ACT ATA GAA CCC CCC CCC CcC cCccC.

In order to clone the amplified HCV cDNA, the
PCR products were cleaved with NotI, precipitated with
spermine to remove free oligonucleotides (Hoopes et al.
(1981)), and cloned into the NotlI site of pUCl18S (see Sec-
tion IV.A.34.). The HCV cDNAs in three clones derived
from each HCV isolate, were subjected to sequence
analysis. Analysis was essentially by the method
described in Chen and Seeburg (1985).

Consensus sequences of the clones derived from
HCV in samples 23 and 27 are shown in Fig. 46 and Fig. 47,
respectively. The variable sequences are also shown in
these figures, as are the amino acids encoded in the
consensus sequences.

Fig. 39 and Fig. 40 show comparisons of the
aligned positive strand nucleotide sequences (Fig. 39) and
putative amino acid sequences (Fig. 40) of samples 23, 27,
and HCV1l. The amino acid sequence of HCV1 in Fig. 39
represents amino acid numbers 129-467 of the HCV
polyprotein encoded by the large ORF in the HCV genomic
RNA. An examination of Fig. 46 and Fig. 47 show that
there are variations in the seguences of the three
isolated clones. The sequence variations at the
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nucleotide level and the amino acid level are summarized
in the table immediately below. 1In the table, the
polypeptides designated S and NS1 represent amino acid
numbers 130 to ~380, and 380 to ~470, respectively. The
numbering is from the putative initiator methionine. The
terminology S and NS1 is based upon the positibning of the
sequences encoding the polypeptides using the Flavivirus
model. As discussed above, however, recent evidence sug-
gests that there is not total correlation between HCV and
the Flaviviruses with regard to viral polypeptide domains,
particularly in the putative E/NS1 domains. Indeed, HCV
polypeétides and their coding domains may exhibit
substantial deviation from the Flavivirus model.

Table
Sequence Homoloﬁy

Nucleotide Encoding Amino Acid Encoded
overall S NS1 overall S NS1
% % % % $ %
HCV1/HCV23 93 95 91 92 95 87
HCV1/HCV27 89 93 84 89 95 82
HCV23/HCV27 89 93 85 90 93 84

Although there are variations in the newly
isolated HCV sequences, the cloned sequences from samples
23 and 27 (called HCV23 and HCV27) each contain 1019
nucleotides, indicating a lack of deletion and addition
mutants in this region in the selected clones. The
sequences in Figs. 39 and 40 also show that the isolated
sequences are not rearranged in this region.

A comparison of the consensus sequences for HCV1
and for the other isolates of HCV is summarized in the
Table, supra. The sequence variations between the
chimpanzee isolate HCV1l, and the HCVs isolated from humans
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are about the same as that seen between the HCVs of human
origin.

It is of interest that the sequence variations
in two of the putative domains is not uniform. The
sequence in a putative S region appears to be relatively
constant, and randomly scattered throughout the region.
In contast, a putative NSl region has a higher degree of
variability than the overall sequence, and the variation
appears to be in a hypervariable pocket of about 28 amino
acids which is located about 70 amino acids downstream
from the putative N-terminus of the puﬁative polyprotein.

Although it may be argued that the detected
variations were introduced during the amplification proc-
ess, it is unlikely that all of the variations are from
this result. It has been estimated that Tag polymerase
introduces errors into a sequence at approximately one
base per 10 kilcbases of DNA template per cycle (Saiki et
al. (1988)). Based upon this estimate, up to 7 errors may
have been introduced during the PCR amplification of the
1019 bp DNA fragment. However, the three subclones of
HCV-23 and HCV-27 yielded 29 and 14 base variations,
respectively. The following suggest that these variations
are naturally occurring. About 60% of the base changes
are silent mutations which do not change the amino acid
sequence. Variations introduced by the Tag polymerase
during PCR amplification would be expected to occur
randomly; however, the results show that the variant
sequences are clustered in at least one specific region.
Moreover, a consensus sequence was derived by sequencing
multiple different clones derived from the PCR amplified
products. |

HCV Isolates from Humans in
Italy and in the U.S.
Segments of HCV RNA present in different
isolates were amplified by the HCV/cPCR method. These
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segments span a region of ~“0.6Kb to “1.6Kb downstream from
the methionine encoding start codon of the putative HCV
polyprotein. The isolates are from biological specimens
obtained from HCV infected individuals. More
specifically, isoclate HCT #18 is from human plasma from an
individual in the U.S.A., ECl and ECl0 are from a liver
biopsy of an Italian patient, and Th is from a peripheral
blood mononucleocyte fraction of an American patient.
Comparable segments of HCV RNA have been isolated from a
chimpanzee.

RNA was extracted from the human plasma
specimens using phenol:CHCl3:isoamyl alcohol extraction.
Either 0.1 ml or 0.01 ml of plasma was diluted to a final
volume of 1.0 ml, with a TENB/proteinase K/SDS solution
(0.05 M Tris-HCL, pH 8.0, 0.001 M EDTA, 0.1 M NaCl, 1 mg/
ml Proteinase K, and 0.5% SDS) containing 10 to 40
micrograms/ml polyadenylic acid, and incubated at 379 for
60 minutes. After this proteinase K digestion, the
resultant plasma fractions were deproteinized by extrac-
tion with TE (50 mM Tris-HCl, pH 8.0, 1 mM EDTA) saturated
phenol, pH 6.5. The phenol phase was separated by
centrifugation, and was reextracted with TENB containing
0.1% SDS. The resulting aqueous phases from each extrac-
tion were pooled, and extracted twice with an equal volume
of phenol/chloroform/iscamyl alcohol [1:1(99:1)], and then
twice with an equal volume of a 99:1 mixture of
chloroform/isoamyl alcohol. Following phase separation by
centrifugation, the aqueous phase was brought to a final
concentration of 0.2 M Na Acetate, and the nucleic acids
were precipitated by the addition of two volumes of
ethanol. The precipitated nucleic acids were recovered by
ultracentrifugation in a SW 41 rotor at 38 K, for 60
minutes at 4°C, or in a microfuge for 10 minutes at 10K,
4°c.
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RNA extracted from the liver biopsy was provided
by Dr. F. Bonino, Ospedale Maggiore di S. Giovanni
Battista, Torino, Italy.

The mononucleocyte fraction was obtained by
sedimentation of the individual’s aliquot of blood through
Ficoll-Paque® (Pharmacia Corp), using the manufacturer’s
directions. Total RNA was extracted from the fraction
using the guanidinium thiocyanate procedure described in
E.P.O. Publication No. 318,216 (See also Choo et al

(1989)).
Synthesis of HCV cDNA from the samples was ac-

complished using reverse transcriptase, and primers
derived from clone 156e and from clone K91. These prim-
ers, which are anti-sense relative to the genomic RNA,
have the following sequences.

156el6B: 5’ CGA CAA GAA AGA CAG A 37,
and
K91/16B 5 CGT TGG CAT AAC TGA T 3’.

Following ethanol precipitation, the
precipitated RNA or nucleic acid fraction was dried, and
resuspended in DEPC treated distilled water. Secondary
structures in the nucleic acids were disrupted by heating
at 65°C for 10 minutes, and the samples were immediately
cooled on ice. cDNA was synthesized using 1 to 3 micro-
grams of total RNA from liver, or from nucleic acids (or
RNA) extracted from 10 to 100 microliters of plasma. The
synthesis utilized reverse transcriptase, and was in a 25
microliter reaction, using the protocol specified by the
manufacturer, BRL. All reaction mixtures for cDNA
synthesis contained 23 units of the RNAase inhibitor,
RNASIN' (Fisher/Promega). Following cDNA synthesis, the
reaction mixtures were diluted with water, boiled for 10
minutes, and quickly chilled on ice.
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Each set of samples was subjected to two rounds
of PCR amplification. The primers for the reactions were
selected to amplify regions designated "EnvL" and EnvR".
The "EnvL" region encompasses nucleotides 669-1243, and
putative amino acids 117 to 308; the "EnvR" region en-
compasses nucleotides 1215-1629, and encodes putative
amino acids 300-408 (the putative amino acids are numbered
starting from the putative methionine initiation codon).
The relationship of these regions relative to the putative
polyprotein encoded in the HCV cDNA, and to the
polypeptides encoded in the Flavirus model is shown in
Fig. 48..

The primers for the first round of PCR reactions
were derived from the HCV cDNA sequences in either clone
agl0a, clone 156e, or clone k9-1. The primers used for
the amplification of the EnvL region were 156el6B (shown
supra), and ag30al6A for the sense strand; the amplifica-
tion of the EnvR region utilized the primer K91/16B (shown
supra), and 156el6a for the sense strand. The sequences of
the sense strand primers are the following.

For EnvL, ag30al6A: 5* CTC TAT GGC AAT GAG G 3,
and
For EnvR, l156el6A: S AGC TTC GAC GTC ACA T 3’ .

The PCR reactions were performed essentially
according to the manufacturer‘s directions (Cetus-Perkin-
Elmer), except for the addition of 1 microgram of RNase A.
The reactions were carried out in a final volume of 100
microliters. The PCR was performed for 30 cycles, utiliz-
ing a regimen of 94°¢ (1 miny, 37°%¢ (2 min), and 72% (3
min), with a 7 minute extension at 72°C for the last
cycle. The samples were then extracted with phenol:CHC13,
ethanol precipitated two times, resuspended in 10 mM Tris
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HCl, pH 8.0, and concentrated using Centricon-30 (Amicon)
filtration. This procedure efficiently removes
oligonucleotides less than 30 nucleotides in size; thus,
the primers from the first round of PCR amplification are
removed. '

The Centricon-30 concentrated samples were then
subjected to a second round of PCR amplification using
probes designed from clones 202a and 156e for the EnvL
region, and from 156e and 59a for the EnvR region. The
primers for amplification of the EnvL region have the fol-
lowing sequences. -

202aEnvila: 5’ CTT GAA TTC GCA ATT TGG GTA
AGG TCA TCG ATA CCC TTA CG 3’

and

156e38B': S’ CTT GAA TTC GAT AGA GCA ATT
GCA ACC TTG CGT CGT CC 3-.

The primers for amplification of the EnvR region in RNAs
derived from humans have the following sequences.

156e38A': 5’ CTT GAA TTC GGA CGA CGC AAG
GTT GCA ATT GCT CTA TC 3’

and

59aEnv39C: 5’ CTT GAA TTC CAG CCG GTG TTG
AGG CTA TCA TTG CAG TTC 3'.

Amplification by PCR was for 35 cycles utilizing a regimen
of 94°C (1 min), 60°C (1 min), and 72% (2 min), with a 7
minute extension at 72°C for the last cycle. The samples
were then extracted with phenol:CHClB, precipitated two
times, and digested with EcoRI. The PCR reaction products
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were analyzed by separation of the products by
electrophoresis on 6% polyacrylamide gels. DNA of ap-
proximately the estimated size of the expected PCR product
was electroeluted from the gels, and subcloned into either
a pGEM-4 plasmid vector or into lambda gtll. The expected
product sizes for the EnvL and EnvR after the first round
of amplification are 615 bp and 683 bp, respeétively;
after the second round of amplification the expected
product sizes for EnvL and EnvR are 414 bp and 575 bp,
respectively. The plasmids containing the amplified
products were used to transform host cells; the pGEM-4
plasmid was used to transform DH5-alpha, and lambda gtll
was used to transform C600 delta-HFL. Clones of the
transformed cells which either hybridized to the appropri-
ate HCV probes (described below), or those which had
inserts of the correct size were selected. The inserts
were then cloned in M13 and sequenced.

The probes for all of the HCV/cPCR products
consisted of 32? labeled sections of HCV cDNA which had
been prepared by PCR amplification of a region of clone
216 (using CA21l6al6A and 216al6B as primers), and of clone
84 (using CAB84al6A and CAB4al6B or CAB4aléC as primers);

P was introduced into the PCR products by nick transla-
tion. The probes for the first and second round of EnvL
amplification were from clone 216. Those for the first
round of EnvR amplification were from 84 (i.e., CA84al6A
and CA84al6B), for the second round of EnvL amplification
were CAB84al6A and CAB84al16C. These probes did not overlap
the primers used in the HCV/cPCR reactions. The sequence
of the primers for the PCR amplification of the probes is
in the following table.
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Table
Primer Clone Sequence
CA2l6alé6a 216 5’ TGA ACT ATG CAA CAG G 3’
CA216al6B 216 5’ GGA GTG TGC AGG ATG G 3’
CAB4al6A : 84 S’ AAG GTT GCA ATT GCT C 3'
CAB84al6B 84 5’ ACT AAC AGG ACC TTC G 3’
CAB84al6C 84 5’ TAA CGG GTC ACC GCA T 3’

Sequence information on variants in the EnvlL
region was obtained from 3 clones from HCT #18, 2 clones
from TH, 3 clones from ECl, and from the HCV1l clones
described in E.P.O. Publication No. 318,216, and supra. A
comparison of the composite nucleotide sequence of each
isolate derived from these clones is shown in Fig. 49. 1In
the figure, each sequence is shown 5’ to 3’ for the sense
strand for the EnvL region, and the sequences have been
aligned. The vertical lines and capital letters indicate
sequence homology, the absence of a line and an
uncapitalized letter indicates a lack of homology. The
sequences shown in the lines are as follows: line 1,
Thorn; line 2, ECl; line 3, HCT #18; line 4, HCVI.

Sequence information on variants in the EnvR
region was obtained from two clones of EC10, and from the
HCV1 clones described in E.P.0O. Publication No. 318,216
and supra.. The two EC10 clones differed by only one
nucleotide. A comparison of the nucleotide sequences of
ECl0(clone 2) and a composite of the HCV1l sequences is
shown in Fig. 50; each sequence is shown 5’ to 3’ for the
sense strand of the EnvR region, and the sequences have
been aligned. The double dots between the sequences
indicate sequence homology.

A comparison of the amino acid seguences encoded
in the EnvL (amino acids #117-308) and EnvR region (amino
acids #300-438) for each of the isolates is shown in Fig.
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51 and'Fig. 52, respectively. 1Included in the Figures are
sequences for the isolates JH23 and JH27, described supra.
Also indicated are sequences from a Japanese isolate;
these sequences were provided by Dr. T. Miyamura, Japan.
In the figures, the amino acid sequence for the region is
given in its entirety for HCVl, and the non-homologous
amino acids in the various isclates are indicated.

As seen in Fig. 51, In the EnvL region there is
overall about a 93% homology between HCV1 and the other
isolates. HCT18, Th, and ECl1l have about a 97% homology
with HCV1; JH23 and JH27 have about 96% and about 95%
homology, respectively, with HCV1l. Fig. 52 shows that the
homologies in the EnvR region are significantly less than
in the EnvlL region; moreover, one subregion appears to be
hypervariable (i.e., from amino acid 383-405). This data
is summarized in the Table immediately below.

Table
Homology of EnvR Region

Isolate Percent Homology with HCV1
AA330-AA438 AA383-AA405
JH23(U.S.) 83 57
JH27(U.S.) 80 39
Japanese 73 48
EC10 (Italy) 84 48

Detection of Positive and Negative Strand
5'~HCV RNA in Serum

The RNA in HCV27, isolated from serum, was
analyzed for the presence of positive and negative strands
using the PCR method. The PCR method was performed es-
sentially as described above, except for the following.
The extracted HCV27 RNA was reverse transcribed into
single-stranded cDNA using as a primer either Alex$0 or
JH52 (see supra. for the sequences). The sequence of
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Alex90 matches that in nucleotides =312 to =283 of the
positive strand of HCV RNA, whereas JH52 matches that of
nucleotides -117 to -93 of the negative strand. the
resulting single-stranded HCV cDNAs were each separately
amplified by PCR using Alex90 and JH52. Detection of the
amplified products was accomplished by Southern blotting,
using Alex89 as the probe. Alex89 matches nucleotide
numbers -203 to =175 of HCV RNA. The sequence of Alex89

is:
S’ CCA TAG TGG TCT GCG GAA CCG GTG AGT ACA 3'..

The anaiysis indicated that, by this method, the signals
of the amplified products of both RNA strands were of
equal intensity. These results are suggestive that HCV
RNA in the 5'’-region may exist as double-stranded RNA.

Probes for Sandwich Hybridization for HCV

This example exemplifies the sets of label and
capture probes useful to detect HCV RNA in biological
samples, using essentially the assay described in U.S.
Patent No. 4,868,105. The method is a solution-phase
sandwich hybridization assay which utilizes both capture
and label probes which hybridize to target sequences in an
analyte nucleic acid. In the screening of biological
samples for HCV, the probes used bind to conserved regions
of the HCV genome, and the HCV binding regions are
selected for their uniqueness to the HCV genome. The
regions which bind to the binding partner of the capture
probe, or the portion of the label probe which binds teo
the labeling moiety (or to an amplifying multimer if the
method described in E.P.O. Publication No. 317,077 is
used), are selected such that they do not bind to any of
the known sequences in the databank or in HCV, and which
have the appropriate content of Gs and Cs to allow stable
duplex formation with their complements under the selec-
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tion conditions. The capture and label probes are in
sets, and the probes of one set do not intersperse with
the probes of another set. These probes are comprised of
sequences which are complementary to the following
nucleotide sequences in the coding strand of the proto-
type HCV cDNA sequence shown in Fig. 18.

Set 1
Probe type Probe Number Complement of
' Nucleotide Numbers
Capture 42.XT1.1 -318 to -289 -
Capture 42.XT1.2 -285 to -256
Capture 42.XT1.3 =252 to =223
Capture 42.XT1.4 -219 to -190
Label 42.LLA2C.5 -186 to -157
Label 42.LLA2C.6 -153 to -124
Label 42.LLA2C.7 -120 to =-891
Label 42.LLA2C.8 -87 to -~58
Label 42.LLA2C.9 -54 to =25
Label 42 .LLA2C.10 -21 to 9
Label 42.LLA2C.11 13 to 42
Label 42.LLA2C.12 46 to 75
Label 42.LLA2C.13 79 to 108
Label 42.LLA2C.14 112 to 141

Label 42.LLA2C.15 145 to 174
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Probe Number

Capture
Capture
Capture
Capture
Capture
Label
Label
Label
Label
Label
Label
Label
Label
Label
Label
Label

42.
42.
42.
42.
42.
42.
.22.LLA2C

42

42.
42.
42.
.26 .LLA2C
42.
.28.LLA2C
42.
42.
42.

42

42

16 .XT1
17.XT1
18.XT1
19.XT1
20.XT1
21.LLA2C

23.LLA2C
24 .LLA2C
25.LLA2C

27.LLA2C

29.LLA2C
30.LLA2C

31.LLA2C

Complement of

Nucleotide Numbers

4378
4411
4444
4477
4510
4543
4576
4609
4642
4675
4708
4741
4774
4807
4840
4873

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

4407
4440
4473
4506
4539

4572 -

4605
4638
4671
4704
4737
4770
4803
4836
4869
4902
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Set 3
Probe type Probe Number Complement of
} Nucleotide Numbers
Capture 42.32.XT1 4056 to 4085
Capture 42.33.XT1 4089 to 4138
Capture 42.34.XT1 4122 to 4151
Capture 42.35.XT1 4155 to 4184
Label 42.36.LLA2C 4188 to 4217
Label 42.37.LLA2C 4221 to 4250
Label 42.38.LLA2C 4254 to 4283
Label 42.39.LLA2C 4287 to 4316
Label 42.40.LLA2C 4230 to 4349
Label 42.41.LLA2C 4353 to 4382
Label 42.42.LLA2C 4386 to 4415
Label 42.43.LLA2C 4419 to 4448

In the above sets, each capture probe contains, in addi-
tion to the sequences complementary to the HCV sequences,
the following sequence downstream of the HCV sequence
(i.e., at the 3’'-end):

5' CTT CTT TGG AGA AAG TGG TG 3'.

The sequence common to each capture probe is complementary
to a sequence in the bindiry partner(s), so that after
hybridization, the duplex can be captured via affixation

to the solid phase.
Also, in each set, each label probe contains, in

addition to the sequences complementary to the HCV
sequences, the following sequence downstream of the HCV

sequence:

5’ TTA GGC ATA GGA CCC GTG TC 3’.
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If the method described in E.P.O. Publication No. 317,077
is used, the sequence common to each label probe is com-
plementary to a sequence in a multimer, to allow hybrid
duplex formation with that multimer.

The sequences of the probes in the above sets

are shown in Fig. 19.

Detection of HCV Polynucleotide Sequences
Using PCR Amplification
In the generalized method for amplification of
HCV RNA by cPCR it is contemplated that the RNA strand is
a virion or mRNA strand, which is a "sense" strand.
However, it is also possible that replicative intermediate
forms may also be detected which would be "anti-sense"; in
this case the primer would be "sense". An RNA sense strand
containing the target region is hybridized with an anti-
sense primer which primes the synthesis of the replicate
strand containing the target. cDNA to the RNA template is
synthesized with a primer- and template-dependent reverse
transcriptase. The cDNA in the resulting RNA:cDNA hybrid
is released by denaturation and treatment with RNAse.
Primers are annealed to the cDNA, and extended with a
primer- and template-dependent DNA polymerase. The
products are denatured, re-annealed to primers, and a
second round of synthesis is conducted. A number of
cycles are run until the amplified product containing the
target region is in a desired amount, which is at least a
detectable level.

Detection of Amplified HCV Nucleic Acid Sequences
derived from HCV Nucleic Acid Sequences in Liver and
Plasma Specimens from Chimpanzees with NANBH
HCV nucleic acids present in liver and plasma of
chimpanzees with NANBH, and not in control chimpanzees,
were amplified using essentially the polymerase chain re-




10

15

20

25

30

35

90~

action (PCR) technique described by Saiki et al. (1986).
The primer oligonucleotides were derived from the HCV cDNA
sequences in clone 81 (Fig. 22), or clones 36 (Fig. 23)
and 37b (Fig. 24). The amplified sequences were detected
by gel electrophoresis and a modified Southern blotting
method, using as probes the appropriate cDNA oligomer or
nick-translated cDNA sequence with a sequence from the
region between, but not including, the two primers.

Samples of RNA containing HCV sequences to be
examined by the amplification system were isolated from
liver biopsies of three chimpanzees with NANBH, and from
two control chimpanzees. The isolation of the poly At rNa
fraction was by the guanidinium thiocyanate procedure
described in Maniatis et al. (1982).

Samples of RNA which were to be examined by the
amplification system were also isolated from the plasmas
of two chimpanzees with NANBH, and from one control
chimpanzee, as well as from a pool of'plasmas from control
chimpanzees. One infected chimpanzee had a titer equal to
or greater than 106 CID/ml, and the other infected

chimpanzee had a titer equal to or greater than 105

CID/
ml.

The nucleic acids were extracted from the plasma
as follows. Either 0.1 ml or 0.01 ml of plasma was
diluted to a final volume of 1.0 ml, with a TENB/
proteinase K/SDS solution (0.05 M Tris-HCL, pH 8.0, 0.001
M EDTA, 0.1 M NaCl,.1 mg/ml Proteinase K, and 0.5% SDS)
containing 10 micrograms/ml polyadenylic acid, and
incubated at 37°C for 60 minutes. After this proteinase K
digestion, the resultant plasma fractions were
deproteinized by extraction with TE (10.0 mM Tris-HCl, pH
8.0, 1 mM EDTA) saturated phenol. The phenol phase was
separated by centrifugation, and was reextracted with TENB
containing 0.1% SDS. The resulting aqueous phases from
each extraction were pooled, and extracted twice with an
equal volume of phenol/chloroform/isoamyl alcohol
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[1:1(99:1)], and then twice with an equal volume of a 99:1
mixture of chloroform/isoamyl alcohol. Following phase
separation by centrifugation, the agueous phase was
brought to a final concentration of 0.2 M Na Acetate, and
the nucleic acids were precipitated by the addition of two
volumes of ethanol. The precipitated nucleic acids were
recovered by ultracentrifugation in a SW 41 rotor at 38 K,
for 60 minutes at 4°C.

In addition to the above, the high titer
chimpanzee plasma and the pooled control plasma
alternatively were extracted with 50 micrograms of poly A
carrier by the procedure of Chomcyzski and Sacchi (1987).
This procedure uses an acid guanidinium thiocyanate
extraction. RNA was recovered by centrifugation at 10,000
RPM for 10 minutes at 4°C in an Eppendorf microfuge.

On two occasions, prior fo the synthesis of cDNA
in the PCR reaction, the nucleic acids extracted from
plasma by the proteinase K/SDS/phenol method were further
purified by binding to and elution from S and S Elutip-R
Columns. The procedure followed was according to the
manufacturer’s directions. .

The cDNA used as a template for the PCR reaction
was derived from the nucleic acids (either total nucleic
acids or RNA) prepared as described above. Following
ethanol precipitation, the precipitated nucleic acids were
dried, and reSuspended in DEPC treated distilled water.
Secondary structures in the nucleic acids were disrupted
by heating at 65°C for 10 minutes, and the samples were
immediately cooled on ice. cDNA was synthesized using 1
to 3 micrograms of total chimpanzee RNA from liver, or
from nucleic acids (or RNA) extracted from 10 to 100
microliters of plasma. The synthesis utilized reverse
transcriptase, and was in a 25 microliter reaction, using
the protoccl specified by the manufacturer, BRL. The
primers for cDNA synthesis were those also utilized in the
PCR reaction, described below. All reaction mixtures for
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cDNA synthesis contained 23 units of the RNAase inhibitor,
RNASIN® (Fisher/Promega). Following cDNA synthesis, the
reaction mixtures were diluted with water, boiled for 10
minutes, and quickly chilled on ice.

The PCR reactions were performed essentially
according to the manufacturer’s directions (Cetus-Perkin-
Elmer), except for the addition of 1 microgram of RNase A.
The reactions were carried out in a final volume of 100
microliters. The PCR was performed for 35 cycles, utiliz-
ing a regimen of 37°% (2 min), 72 (3 min), and 94°¢ (1
min). '

The primers for cDNA synthesis and for the PCR
reactions were derived from the HCV cDNA sequences in
either clone 81, clone 36, or clone 37b. (The HCV cDNA
sequences of clones 81, 36, and 37b are shown in Figs. 22,
23, and 24, respectively.) The sequences of the two 16-
mer primers derived from clone 81 were:

S’ CAA TCA TAC CTG ACA G 3’
and
5’ GAT AAC CTC TGC CTG A 3’.

The sequence of the primer from clone 36 was:
5’ GCA TGT CAT GAT GTA T 3’.

The sequence of the primer from clone 37b was:
5' ACA ATA CGT GTG TCA C 3'.

In the PCR reactions, the primer pairs consisted of either
the two l6-mers derived from clone 81, or the l6-mer from
clone 36 and the 16-mer from clone 37b.

The PCR reaction products were analyzed by
separation of the products by alkaline gel
electrophoresis, followed by Southern blotting, and detec-
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tion of the amplified HCV-cDNA sequences with a 32P--

labeled internal oligonucleotide probe derived from a
region of the HCV cDNA which does not overlap the primers.
The PCR reaction mixtures were extracted with phenol/
chloroform, and the nucleic acids precipitated from the
aqueous phase with salt and ethanol. The precipitated
nucleic acids were collected by centrifugation, and dis-
solved in distilled water. Aliquots of the samples were
subjected to electrophoresis on 1.8% alkaline agarose
gels. Single stranded DNA of 60, 108, and 161 nucleotide
lengths were co-electrophoresed on the gels as molecular
weight markers. After electrophoresis, the DNAs in the
gel were transferred onto Biorad Zeta Probe~ paper.
Prehybridization and hybridization, and wash conditions
were those specified by the manufacturer (Biorad).

The probes used for the hybridization-detection
of amplified HCV cDNA sequences were the following. When
the pair of PCR primers were derived from clone 81, the
probe was an 108-mer with a sequence corresponding to that
which is located in the region between the sequences of
the two primers. When the pair of PCR primers were
derived from clones 36 and 37b, the probe was the nick-
translated HCV cDNA insert derived from clone 35, the
nucleotide sequence of which is shown in Fig. 34. The
primers are derived from nucleotides 155-170 of the clone
37b insert, and 206-268 of the clone 36 insert. The 3'~
end of the HCV cDNA insert in clone 35 overlaps
nucleotides 1-186 of the insert in clone 36; and the 5'-
end of clone 35 insert overlaps nucleotides 207-269 of the
insert in clone 37b. (Compare Figs. 23, 34 and 24.) Thus,
the cDNA insert in clone 35 spans part of the region
between the sequences of the clone 36 and 37b derived
primers, and is useful as a probe for the amplified
sequences which include these primers.

Analysis of the RNA from the liver specimens was
according to the above procedure utilizing both sets of
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primers and probes. The RNA from the liver of the three
chimpanzees with NANBH yielded positive hybridization
results for amplification sequences of the expected size
(161 and 586 nucleotides for 81 and 36 and 37b,
respectively), while the control chimpanzees yielded
negative hybridization results. The same results were
achieved when the experiment was repeated three times.

Analysis of the nucleic acids and RNA from
plasma was also according to the above procedure utilizing
the primers and probe from clone 8l1. The plasmas were
from two chimpanzees with NANBH, from a control
chimpanzee, and pooled plasmas from control chimpanzees.
Both of the NANBH plasmas contained nucleic acids/RNA
which yielded positive results in the PCR amplified assay,
while both of the control plasmas yielded negative
results. These results have been repeatedly obtained
several times.

Defective viruses have been known to occur in
RNA viruses. By using PCR technology it is possible to
design primers to amplify sequences of the HCV genome. By
analysis of the amplified products, it is expected to be
able to identify both defective versions of the viral
genome as well as wild-type viral species. Accordingly,
using two primers based on known HCV sequence, one can
predict accurately the expected size of the PCR product.
Any larger species observed by gel electrophoresis and
hybridization analysis could represent potential variant
genomes. Alternatively, any smaller species observed in
this fashion might represent defective agents. Analyses
of these types would be useful in confirming the exact
origin of the known HCV sequence, whether it is indeed a
wild-type viral sequence or a defective genome.
Techniques and methods for these analyses are well known
in the art and have been previously described. This
methodology will enable one skilled in the art to obtain
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related (wild-type or defective) forms of the viral

genome.

Detection of Sequences in Captured Particles
which When Amplified by PCR
Hybridize to HCV cDNA Derived from Clone 81

The RNA in captured particles was obtained as
described below. The analysis for sequences which hybrid-
ize to the HCV cDNA derived from clone 81 was carried out
utilizing the PCR amplification procedure, as described
supra., except that the hybridization probe was a kinased
oligonucleotide derived from the clone 81 cDNA sequence.
The results showed that the amplified sequences hybridized
with the HCV cDNA probe.

Particles were captured from HCV infected
chimpanzee plasma using polystyrene beads coated with an
immunopurified antibody directed against the polypeptide
encoded in clone 5-1-1. The procedure for producing the
immunopurified antibody preparation is described in E.P.O.
Publication No. 318,216, which is commonly owned by the
herein assignee, and which is incorporated herein by
reference. Briefly, the HCV polypeptide encoded within
clone 5-1-1 was expressed as a fusion polypeptide with
superoxide dismutase (SOD). . This was accomplished by
subcloning the clone 5-1-1 cDNA insert into the expression
vector pSODcfl (Steimer et al. (1986)). DNA isolated from
pSODcfl was treated with BamHI and EcoRI, and the follow-
ing linker was ligated into the linear DNA created by the
restriction enzymes:

S’ GAT CCT GGA ATT CTG ATA AGA
CCT TAA GAC TAT TTT AA 3’

After cloning, the plasmid containing the insert was
isolated. Plasmid containing the insert was restricted
with EcCoRI. The HCV cDNA insert in clone 5-1-1 was
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excised with EcoRI, and ligated into this EcoRI linearized
plasmid DNA. The DNA mixture was used to transform E.
coli strain D1210 (Sadler et al. (1980)). Recombinants
with the 5-1-1 cDNA in the correct orientation for expres-
sion of the ORF were identified by restriction mapping and
nucleotide sequencing. Recombinant bacteria from one
clone were induced to express the SOD-NANBS_1_1
polypeptide by growing the bacteria in the presence of
IPTG. The fusion polypeptide was purified from the re-
combinant E. coli by differential extraction of the cell
extracts with urea, followed by chromatography on anion
and cation exchange columns. The purified SOD-NANBS_I_1
polypeptide was attached to a nitrocellulose membrane.
Antibody in samples of HCV infected serum was absorbed to
the matrix-bound polypeptide. After washing to remove
non-specifically bound materials and unbound materials,
the bound antibody was released from the bound

polypeptide.

cPCR Method to Detect HCV RNA in Liver
and in Serum from Individuals with NANBH.

The reliability and utility of a modified form
of the PCR assay, i.e., a cPCR assay, for detecting HCV
infection was determined by .performing the assay on total
liver RNA and on serum from infected individuals. 1In the
CcPCR assay, putative viral RNA in the sample is reverse
transcribed into cDNA with reverse transcriptase; a seg-
ment of the resulting cDNA is then amplified utilizing a
modified version of the PCR technique described by Saiki
et al. (1986). The primers for the cPCR technique are
derived from HCV RNA, which can be identified by the fam-
ily of HCV cDNAs provided herein. Amplified product cor-
responding to the HCV-RNA is detected utilizing a probe
derived from the family of HCV cDNAs provided herein.

The cPCR/HCV assay used in these studies were
performed utilizing the following methods for the prepara-
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tion of RNA, the reverse transcription of the RNA into
cDNA, the amplification of specific segments of the cDNA
by PCR, and the analysis of the PCR products.

RNA was extracted from liver utilizing the
guanidium isothiocyanate method for preparing total RNA
described in Maniatis et al. (1982).

In order to isolate total RNA from plasma, the
plasma was diluted five- to ten-fold with TENB (0.1 M
NaCl, 50 mM Tris-HCl, pH 8.0, 1 mM EDTA) and incubated in
a Proteinase K/SDS solution (0.5% SDS, 1 mg/ml Proteinase
K, 20 micrograms/ml Poly A carrier) for 60 to 90 minutes
at 37°C. The samples were extracted once with phenol (pH
6.5), the resulting organic phase was re-extracted once
with TENB containing 0.1% SDS, and the aqueous phases of
both extractions were pooled and extracted twice with an
equal volume of phenol/CHCl3/isoamyl alcohol [1:1(99:1)].
The resulting aqueous phases were extracted with an equal
volume of ChCl3/isoamyl alcohol (99:1) twice, and ethanol
precipitated using 0.2 M sodium acetate, pH 6.5, and 2.5
volumes of 100% ethanol; precipitation was overnight at -
20°c.

The cDNA used as a template for the PCR reaction
was prepared utilizing the designated samples for prepara-
tion of the corresponding cDNAs. Each RNA sample
(containing either 2 micrograms of heat denatured total
chimpanzee liver RNA, RNA from 2 microliters of plasma, or
10% of the RNA extracted from 10mm X 4 mm cylindrical hu-
man liver biopsies) was incubated in a 25 microliter re-
action containing 1 micromolar of each primer, 1
millimolar of each deoxyribonucleotide triphosphate
(dNTP), 50 millimolar Tris-HCL, pH 8.3, 5 millimolar
MgClz, S millimolar dithiothreiteol (DTT), 73 millimolar
KCl, 40 units of RNase inhibitor (RNASIN), and 5 units of
AMV reverse transcriptase. The incubation was for 60
minutes at 37°cC. Following cDNA synthesis, the reactions
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were diluted with 50 microliters of deionized water (DIW),
boiled for 10 minutes, and cooled on ice.

Amplification of a segment of the HCV cDNA was
performed utilizing two synthetic oligomer 16-mer primers
whose sequences were derived from HCV cDNA clones 36
(anti-sense) and 37b (sense). The sequence of the primer
from clone 36 was:

5’ GCA TGT CAT GAT GTA T 3°’.
The sequence of the primer from clone 37b was:
5’ ACA ATA CGT GTG TCA C 3’.

The primers were used at a final concentration of 1
micromolar each. 1In order to amplify the segment of HCV
CDNA which is flanked by the primers, the cDNA samples
were incubated with 0.1 microgram of RNAse A and the PCR
reactants of the Perkin Elmer Cetus PCR kit (NB801-0043 or
N801-0055) according to the manufacturer’s instructions.
The PCR reaction was performed for either 30 cycles or 60
cycles in a Perkin Elmer Cetus DNA thermal cycler. Each
cycle consisted of a 1 minute denaturation step at 94°C,
an annealing step of 2 minutes at 37°c, and an extension
step of 3 minutes at 72%. However, the extension step in
the final cyclé (30 or 60) was 7 minutes rather than 3

~minutes. After amplification the samples were extracted

with an equal volume of phenol: chloroform (1:1), followed
by extraction with an equal volume of chloroform, and then
the samples were precipitated with ethanol containing 0.2
M sodium acetate. |

The cPCR products were analyzed as follows. The
products were subjected to electrophoresis on 1.8%
alkaline agarose gels according to Murakawa et al. (1988),
and transferred onto Zeta Probe paper (BioRad Corp.) by
blotting gels overnight in 0.4 M NaOH. The blots were
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neutralized in 2 X SSC (1 X SSC contains 0.15 M NaCl,
0.015 M sodium citrate), prehybridized in 0.3 M NaCl, 15
mM sodium phosphage buffer, pH 6.8, 15 mM EDTA, 1.0% SDS,
0.5% nonfat milk (Carnation Co.), and 0.5 mg/ml sonicated
denatured salmon sperm DNA. The blots to be analyzed for
HCV cDNA fragments were hybridized to a 32P-labeled probe
generated by nick translation of the HCV cDNA insert
sequence in clone 35, described in E.P.O. Publication No.
318,216. After hybridization, the blots were washed in
0.1 X SSC (1 X SSC contains 0.15M NaCl, 0.01M Na citrate)
at 65°C, dried, and autoradiographed. The expected
product size is 586 nucleotides in length; products which
hybridized with the probe and migrated in the gels in this
size range were scored as positive for viral RNA.

As a control, cPCR primers designed to amplify
alpha-1l anti-trypsin mRNA was performed to verify the
presence of RNA in each sample analyzed. The coding
region of the alpha-1l anti-trypsin gene is described in
Rosenberg et al. (1984). Synthetic oligomer 16-mer prim-
ers designed to amplify a 365 nucleotide fragment of the
coding region of the alpha-1 antitrypsin gene were derived
from nucleotides 22-37 (sense) and nucleotides 372-387
(antisense). The PCR products were detected using a 32P
nick-translated probe which lies between, and not includ-
ing, the cDNA/PCR primer seqhences.

Due to the extreme sensitivity of the PCR re-
action, all samples were run a minimum of three times.
All false positive signals were eliminated when the fol-
lowing precautions were taken: 1) eliminating aerosols by
using screw capped tubes with rubber O-ring seals; 2)
pipetting with Ranin Microman positive displacement
pipetters with disposable pistons/capillaries; and 3)
selecting the oligonucleotide sequences for the cDNA and
PCR primers from two non-contiguous cDNA clones.
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Detection of HCV RNA in Liver Samples by a cPCR Method

The cPCR assay was performed on total RNA
isolated from livers of three chimpanzees experimentally
infected with a NANBH agent, and from liver biopsies of
Italian patients diagnosed as having chronic NANBH.

Fig. 25A shows the results of the cPCR assay
using 1 microgram of each preparation of total liver RNA.
The RNA was isolated from liver samples of a2 chimpanzee in
the chronic phase of NANBH (910)(lane 1), two chimpanzees
in the acute phase of infection (1028 and 508)(lanes 2 and
3, respectively). PCR was performed on the samples in
lanes 1-3 for 30 cycles and the autoradiogram of the blot
containing those lanes was exposed for 5 hours. cDNA from
1 microgram of total RNA from acutely infected animal 1028
(lane 4), and three uninfected chimpanzees (lanes 5-7),

were amplified for 60 cycles and the autoradiograms
32
P

containing those lanes were exposed for 7 days.
labeled MspI-digested pBR322 DNA served as markers on all
the autoradiograms. It may be seen from the results that
cDNA corresponding to HCV RNA was seen only in the samples
from chimpanzees with NANBH, whether acute or chronic
(lanes 1, 3, and 4). The cPCR products in these lanes
migrated between marker fragments of 527 and 622
nucleotides (not shown). '

Fig. 25B shows the results of the cPCR assay
using 10% of the RNA extracted from 10mm X 4mm liver
biopsy cylinders from 15 chronic NANB patients (lanes 1-
15), one patient with cryptogenic liver disease (lane 16)
and one control sample from a patient with chronic
Hepatitis B (lane 17). Amplification by PCR was for 30
cycles and the autoradiogram for the blots were exposed
for 4 days, except that lane 1 was exposed for 15 hours.
As seen from the results, 9/15 (60%) of the human samples
were positive for HCV RNA (lanes 1,2,4,6,7,10-13). One
patient diagnosed with cryptogenic liver disease (lane 16)
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and one patient with a chronic HBV infection (lane 17)
were repeatedly negative in the cPCR assay.

Comparison of the HCV/cPCR Assay on Human Liver Biopsies
and RIA of Serum Using HCV Cl100-3 Polypeﬁtide

SOD/HCV C100-3 polypeptide (also called C100) is
a recombinant fusion polypeptide which contains 363 viral
amino acids. The polypeptide is useful for detecting
antibodies to HCV (See Kuo et al. (1989)). The method for
preparing C100 is described in E.P.O. Publication No.
318,216.

Radioimmune assay using Cl100 was performed on
the sera collected from the same 17 human patients whose
liver samples were subjected to HCV/cPCR assay as
described supra. The sera was collected on the same day
as the liver biopsies. The assay was performed es-
sentially as described in E.P.O. Publication No. 318,216,
which is commonly owned and incorporated herein by refer-
ence. Briefly, Microtiter plates (Immulon 2, Removeawell
strips) were coated with 0.1 microgram of purified C100.
The coated plates were incubated for 1 hour at 37°C with
the serum samples (100 microliters of a 1:100 dilution) or
appropriate controls. After incubation, the unbound
material was removed, the plates were washed, and
complexes of human antibody-C100 were detected by incuba-
tion with 1251-labe1ed sheep anti-human immunoglobulin.
Unbound labeled antibody was removed by aspiration, and
the plates were washed. The radioactivity in individual
wells was determined.

The results of the RIA showed that sixty-seven
percent of these samples were positive for anti-Cl100 anti-
bodies. Sera from the patient diagnosed with cryptogenic
liver disease was positive for anti-C100 antibodies,
although the levels of viral RNA were undetectable in the
patient’s liver in this sample. The level of correlation
between the presence of anti-C100 antibodies and HCV RNA
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was seventy percent; two patients who were negative for
antibodies by RIA had significant levels of HCV RNA in
their livers (data not shown).

The results indicate that virus is frequently
present in the liver of patients with circulating anti-
Cl100 antibodies, and confirms claims that the presence of
anti-C100 antibodies accurately reflects exposure to HCV.
Moreover, taken tdgether, these results indicate that HCV
of this type accounts for NANBH in at least 75% of the
patients in this study, and that the predominant strain of
HCV in Italy appears to be closely related to the strain
of HCV prevalent in the United States.

HCV/cPCR Assay of Sera: Detection of Viral RNA
in Acute Phase Infection in Chimpanzees

The temporal relationship between the display of
liver damage, the presence of HCV RNA, and the presence of
anti-HCV antibodies was monitored in serum from two
experimentally infected chimpanzees with NANBH (nos. 771
and 910). Liver damage was determined by alanine amino
transferase (ALT) levels; the presence of HCV RNA was
determined by the HCV cPCR assay described above; anti-HCV
antibodies were detected utilizing the C100 RIA.

The HCV/cPCR analysis was performed on RNA
extracted from 1 microliter of chimpanzee plasma. Serum
was taken from chimpanzee 771 on days 25, 32, 70 and 88
post-infection; cPCR was performed for 30 cycles and the
autoradiogram was exposed for 18 days. Serum was taken
from chimpanzee 910 on days 11, 28, and 67 post-infection;
cPCR was performed for 60 cycles and the autoradiogram was

exposed for 5 days.

The results of the assays are shown in Fig. 26A
for chimpanzee 771, and Fig. 26B for chimpanzee 910. From
a comparison of Figs. 26A and 26B, it appears that an
early, well defined peak of ALT values during acute
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hepatitis correlates with the presence of viral RNA in the
infected individual.

The data also indicate that the presence of HCV
RNA, which is indicative of a state of viremia, precedes
the presence of anti-HCV antibodies. Chimpanzee 771 (Fig.
26A) exhibited a clearly defined acute episode of post-
transfusion NANBH at 28 days, as characterized by an
initial peak of ALT levels. HCV RNA was detected in the
serum collected at day 25, and at day 32. However, during
this acute phase, anti-HCV antibodies were absent. 1In
contrdst, at day 70 HCV RNA was below the experimental
level of detection, and anti-HCV antibodies were rising.
At day 88, HCV RNA remained undetectable, while anti-HCV
antibodies were significantly increased over that of day
70.

The results obtained from the sera of chimpanzee
910 were somewhat similar in pattern, although the time of
HCV antibodies induced by the infection were not detected
during the acute phase of the disease, which extended to
at least day 67; the anti-HCV antibodies detected by RIA
at day 11 were due to passive immunization of animal 910
with antibodies from the plasma used to inoculate the
animal. Anti-HCV antibodies were found in chimpanzee 910
serum during the later, chronic phase of the infection
(data not shown). '

It should be noted that low ALT values in plasma
from individuals with chronic NANBH do not necessarily
correlate with weak virus production. A pool of 17 dif-
ferent plasma samples taken from chimpanzee 910 over a
period of two to three and one-half years post inoculation
was monitored for ALT levels and for HCV RNA. The ALT
values of the samples did not exceed 45 mU/ml; neverthe-
less, titration studies indicated high titers of HCV (3 «x
106 CID/ml). cPCR was carried out for 30 cycles, and the
autoradiogram was exposed for 15 hours; the cPCR analysis
clearly showed the presence of viral RNA (data not shown).
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HCV/cPCR Assay of Sera: Detection of Viral RNA
in Acute Phase Infection in Humans

Plasma from a human surgical patient collected
during early acute NANBH was examined for HCV RNA and for
anti-HCV antibodies, utilizing the HCV/cPCR assay and
Cl100-RIA, respectively. The HCV/cPCR assay was conducted
utilizing 1 microliter of plasma from the patient, and
from four human controls with known pedigrees; cPCR was
performed for thirty cycles, and after hybridization and
washing the autoradiogram was exposed for eight hours.

The results showed that the serum collected from
the surgical patient during the acute phase of infection
contained a high level of viral RNA, and that anti-HCV
antibodies were not detectable by the C100-RIA (data now
shown). (The acute phase plasma from the surgical patient
was known to have a high titer of NANBH infectious agent
[106'5 CID/ml, as determined by Feinstone et al. (1981);
Feinstone et al. (1983)]). It should be noted, however,
that this patient did sero-covert to anti-HCV antibodies
by the Cl00-RIA approximately 9 months after infection.
The serum from the pedigreed human control plasmas were
negative in both the HCV/cPCR assay and C100-RIA.

Sensitivity of'HCV/cPCR Assay
The sensitivity of the HCV/cPCR assay was
determined by analyzing ten-fold serial dilutions of a
plasma pool of known titer. The chimpanzee plasma had a
titer of ~3 x 105 CID/ml, and RNA was extracted from ten-
fold dilutions of 1 microliter of the plasma. CcPCR was

performed for 30 cycles, and after hybridization and wash-
ing, the autoradiogram was exposed for 15 hours. The cPCR
products resulting from amplification of ~300, ~30, and ~3
CID of HCV genomes are shown in lanes 1-3, respectively of
Fig. 29. The samples in lanes 1 and 2 were detectable on

autoradiograms exposed for 2 hours. '
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Since the average titer of HCV in infected
individuals is believed to be between approximately 100 to
10,000 CID/ml of plasma, this data suggests that the HCV/
CPCR assay may be clinically useful.

HCV/cPCR Assay for Variant HCV Strains

Primers, consisting of a set of oligomer 44-mers
and a set of oligomer 45-mers, were designed to amplify
strains of HCV which are similar or identical to the HCV
isolate from which the cDNA sequence in Fig. 18 is
derived. The premise underlying the design of these prim-
ers is our discovery that HCV is a Flavi-like virus.
Members of the Flaviviridae family, when compared to HCV,
have two major conserved sets of amino acid sequences,
TATPPG and QRRGR, in the putative NS3 region of these
viruses. Several other smaller sets may be seen, for
example, GDD in the putative NS5 region. Other sets are
determinable by comparison of the known amino acid
sequences with that of HCV. This information was deduced
from the sequences for several members of Flaviviridae
which have been described, including Japanese Encephalitis
Virus (Sumiyoshi et al. (1987)), Yellow Fever Virus (Rice
et al. (1985)), Dengue Type 2 Virus (Hahn et al. (1988)),
Dengue Type 4 Virus (Mackow (1987)), and West Nile Virus
(Castle et al. (1986)). The conserved amino acid
sequences and codon utilization are in the table im-

mediately following.
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Conserved Amino Acid (A.A.) Sequences
Among Flaviviruses and HCV

# of A.A. .
Virus first A.A. T A T P P G
HCV 1348 5" ACC GCC ACC CCT CCG GCC 3
Yellow Fever 1805 ACA GCC ACA CCG CCT GGG
West Nile 1818 ACG GCA ACG CCA CCC GGG
Dengue-4 1788 ACC GCA ACC CCT cCCC GGA
JEV 1957 ACA GCG ACC CCG CCT GGa

HCV sense primer (44mer)=
5* ACC GCC ACC CCX cCC 3
(X = A,T,C, or G)

# of A.A.
Virus first A.A. Q R R G R
HCV 1486 5 CAA CGT CGG GGC AGG 3°
Yellow Fever 1946 CAA AGG AGG GGG CGC
West Nile 1959 CAG CGG, AGA GGA CGC
Dengue-4 1929 CAG AGA AGA GGG cGa
JEV 1820 CAA CGG AGG GGC AGA

HCV antisense primer (45mer)=
3’ GTX GCA GCC CCG TCC 5’
(X =T or C)

Note: the primer sequence was chosen to minimize the
number of nucleotide degeneracies at the 3’'-end of the
primer sequence and to maximize the number of nucleotides
at the 3'-end of each primer which exactly match any of
the possible nucleotide sequences, or the complement
thereof, encoding the conserved amino acids indicated
above.

The 44-mer and 45-mer oligomer primers were
designed so that the sequences encoding these amino acids
were incorporated within the primer. Moreover, they
contain degeneracies at the 3’'-end of each primer, and are
derived from two different regions of the HCV genome which
are present in clone 40b (See Fig. 28), and which are
derived from the region encoding putative NS3 of HCV. The

formulae for the oligonucleotide primers in the sets are:
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5’ GAC TGC GGG GGC GAG ACT GGT TGT GCT CGC
ACC GCC ACC CCX CC 3°

where X is A,T,G, or C; and

5’ TCT GTA GAT GCC TGG CTT CCC CCT GCC AGT
CCT GCC CCG ACT YTG 3’

where Y is T or C.

The HCV/cPCR assay was carried out utilizing
these primers to amplify HCV RNA in chimpanzee 910 plasma.
The assay method was essentially as described in Section
supra., except that the 44-mer and 45-mer sets of oligomer
primers were substituted for the primers derived from
clone 36 and clone 37b. 1In addition, detection of ampli-
fied HCV cDNA was by hybridization with a probe derived
from clone 40a, the sequence of which is shown in Fig. 32.

The probe was prepared by amplifying a segment
of clone 40a utilizing the PCR method described supra.,
and 18-mer primers containing the following sequences:

5’ GAG ACA TCT CAT CTT CTG 3’
and
5’ GAG CGT GAT TGT CTC AAT 3°'.

After amplification, the probe preparation was labeled
with 32P by nick translation.

Fig. 33 shows an autoradiograph of the Southern
blots probed with ihg sequence derived from Clone 40a.
32P labeled MspI digested pBR322 DNA fragments served as
markers (lane 1). The predicted size of the PCR product
resulting from amplification using these primers is 490
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nucleotides (nt). Duplicate reactions are shown in lanes
2 and 3.

Analysis for Variants of the 5'-Region of HCV

Based upon the Flavivirus model, the 5'-region
HCV cDNA which is flanked by'the regions represented in
clones ag30a and k9-1 encodes a segment of putative
envelope and/or matrix protein(s) (E/M). Serum obtained
from the chimpanzee from which the HCV cDNA "c" library,
was constructed was analyzed by HCV/cPCR to determine
whether variants within this target region were present.

The HCV/cPCR assay was performed essentially as
described supra., for the isolation of clone 5'-32, except
for the primers and probes used. Fig. 37 shows the
relationship of the primers and probes (and the clones
from which they were derived) to that of the target region
of HCV cDNA. One set of PCR primers, ag30al6A and
K91Env16B, were derived from clones ag30a and k9-1, which
are upstream and downstream, respectively, of the target
sequence. The expected size of the cPCR product primed by
ag30alé6A and K91EnvléB is 1.145 kb based upon the
confirmed sequence of HCV cDNA. Two other sets of PCR
primers covering the region amplified using ag30al6A and
K91Env16B, and overlapping each other were also used for
PCR amplification of HCV RNA in the serum. Thus, in this
case the PCR reactions were run using as one set of prim-
ers ag30al6A and CAl56el6B, and as the second set of prim-
ers CAl56el6A and k91Env16B. The expected PCR product
sizes for these pairs were 615 nucleotides (NT) and 683
NT, respectively. The table immediately following lists
the primer, the clone from which it was derived, and the

primer sequence.
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Table
Primer Clone Sequence
ag3laléA ag30a 5’ CTC TAT GGC AAT GAG G 3°
K91Env16éB  k9-1 5’ CGT TGG CAT AAC TGA T 3’
CAl56el6B 156 5’ CGA CAA GAA AGA CAG A 3’
CAl56el6A 156 S5’ AGC TTC GAC GTC ACA T 3°
CA216alé6A 216 S’ TGA ACT ATG CAA CAG G 3’
CA216alé6B 216 5’ GGA GTG TGC AGG ATG G 3’
CAB84al6A 84 5 AAG GTT GCA ATT GCT C 3°
CAB4alé6B 84 5’ ACT AAC AGG ACC TTC G 3'

The probes for all of the HCV/cPCR products consisted of
32? labeled sections of HCV cDNA which had been prepared
by PCR amplification of a region of clone 216 (using
CA2l6al6A and 216al6B as primers), and of clone 84 (using
CAB4al6A and CAB4alé6B as primers); 32? was introduced into
the PCR products by nick translation. These probes did
not overlap the primers used in the HCV/cPCR reactions.

Fig. 38 shows an autoradiograph of a Southern
blot in which the HCV/cPCR products were hybridized with
the 32P-labeled probes. The HCV/cPCR product extended
from primers ag30al6A and K91Envl6éB (lane 1) was ap-
proximately 1.1Kb; no other PCR products were observed in
a 15 hour exposure. The HCV products extended from the
primer sets ag30alSA/CAlS56el6B (lane 2) and CAl56el6A/
K91Env1éB (lane 3) were approximately 625NT and ap-
proximately 700 NT, respectively. The size of the PCR
products were determined by comparison with the relative
migrations of fragments resulting from the digestion of
pBR322 with MspI and of PhiX 174 digested with HaelIIl
(lane 5).

The above study will detect insertions or
deletions as small as approximately 20NT to 50NT and DNA
rearrangements altering the size of the target DNA. The
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results in Fig. 38 confirm that there is only 1 major spe-
cies of cDNA derived from the E/M region of the HCV in the
chimpanzee serum.

Amplification for Cloning of HCV cDNA Sequences
Utilizing the PCR and Primers Derived from
Conserved Regions of Flavivirus Genomic Sequences

Our discovery that HCV is a flavi-like virus,
allows a strategy for cloning uncharacterized HCV cDNA
sequences utilizing the PCR technique, and primers derived
from the regions encoding conserved amino acid sequences
in flaviviruses. Generally, one of the primers is derived
from a defined HCV genomic sequence, and the other primer
which flanks a region of unsequenced HCV polynucleotide is
derived from a conserved region of the flavivirus genome.
The flavivirus genomes are known to contain conserved
sequences within the NS1, and E polypeptides, which are
encoded in the 5'-region of the flavivirus genome. Thus,
to isolate cDNA sequences derived from putatively
comparable regions of the HCV genome, upstream primers are
designed which are derived from the conserved sequences
within these flavivirus polypeptides. The downstream
primers are derived from an upstream end of the known por-
tion of the HCV cDNA.

Because of the degeneracy of the code, it is
probable that there will be mismatches between the
flavivirus probes and the corresponding HCV genomic
sequence. Therefore a strategy which is similar to the
one described by Lee (1988) is used. The Lee procedure
utilizes mixed oligonucleotide primers complementary to
the reverse translation products of an amino acid

sequence; the sequénces in the mixed primers takes into
account every codon degeneracy for the conserved amino
acid sequence.

Three sets of primer mixes are generated, based
on the amino acid homologies found in several
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flaviviruses, including Dengue-2,4 (D-2,4), Japanese
Encephalitis Virus (JEV), Yellow Fever (YF), and West Nile
Virus (WN). The primer mixture derived from the most
upstream conserved sequence (5°-1), is based upon the
amino acid sequence gly-trp-gly, which is part of the
conserved sequence asp-arg-gly-trp-gly-aspN found in the E
protein of D-2, JEV, YF, and WN. The next primer mixture
(5°'-2) is based upon a downstream conserved sequence in E
protein, phe-asp-gly-asp-ser-tyr-ileu-phe-gly-asp-ser-tyr-
ileu, and is derived from phe-gly-asp; the conserved
sequence is present in D-2, JEV, YF, and WN. The third
primer mixture (5’'-3), is based on the amino acid sequence
arg-ser-cys, which is part of the conserved sequence cys-
cys-arg-ser-cys in the NS1 protein of D-2, D-4, JEV, YF,
and WN. The individual primers which form the mixture in
5’-3 are shown in Fig. 53. 1In addition to the varied
sequences derived from conserved region, each primer in
each mixture also contains a constant region at the 5’'-end
which contains a sequence encoding sites for restriction
enzymes, HindIII, MboI, and EcoRI.

The downstream primer, ssc5h20A, is derived from
a nucleotide sequence in clone 5h, which contains HCV cDNA
with sequences with overlap those in clones 14i and 1l1b.
The sequence of ssc5h20A is

5’ GTA ATA TGG TGA CAG AGT CA 3'.

An alternative primer, ssc5h34A, may also be used. This

primer is derived from a sequence in clone 5h, and in ad-
dition contains nucleotides at the 5'-end which create a

restriction enzyme site, thus facilitating cloning. The

sequence of ssc5h34A is

5’ GAT CTC TAG AGA AAT CAA TAT GGT GAC AGA GTC A 3’.
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The PCR reaction, which was initially described
by Saiki et al. (1986), is carried out essentially as
described in Lee et al. (1988), except that the template
for the cDNA is RNA isolated from HCV infected chimpanzee
liver, or from viral particles isolated from HCV infected
chimpanzee serum. In additibn, the annealing conditions
are less stringent in the first round of amplification
(0.6M NaCl, and 25°C), since the part of the primer which
will anneal to the HCV sequence is only 9 nucleotides, and
there could be mismatches. Moreover, if ssc5h34A is used,
the additional sequences not derived from the HCV genome
tend to destabilize the primer-template hybrid. After the
first round of amplification, the annealing conditions can
be more stringent (0.066M NaCl, and 32°C-37°C), since the
amplified sequences now contain regions which are com-
plementary to, or duplicates of the primers. 1In addition,
the first 10 cycles of amplification are run with Klenow
enzyme I, under appropriate PCR conditions for that
enzyme. After the completion of these cycles, the samples
are extracted, and run with Taqg polymerase, according to
kit directions, as furnished by Cetus/Perkin-Elmer.

After the amplification, the amplified HCV cDNA
sequences are detected by hybridization using a probe
derived from clone 5h. This probe is derived from
sequences upstream of those used to derive the primer, and
does not overlap the sequences of the clone 5h derived
primers. The sequence of the probe is

5’ CCC AGC GGC GTA CGC GCT GGA CAC GGA GGT GGC CGC GTC
GTG TGG CGG TGT TGT TCT CGT CGG GTT GAT GGC GC 3'.
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Industrial Applicability

The methods described herein, as well as the
oligomers, both probes and primers, derived from HCV cDNA,
and kits containing them, are useful for the accurate,
relatively simple, and economic determination of the pres-
ence of HCV in bioclogical samples, more particularly in
blood which may be used for transfusions, and in
individuals suspected of having HCV an infection. More-
over, these methods and oligomers may be useful for
detecting an earlier stage of HCV infection than are im-
munological assays based upon the use of a recombinant HCV
polypeptides. Also, an amplified polynucleotide
hybridization assay detects HCV RNA in occasional samples
which are anti-HCV antibody negative. Thus, the probes
and primers described herein may be used amplified
hybridization assays, in conjunction with an immunoassays
based on HCV polypeptides to more completely identify
infections due to HCV, and HCV-infected biological
specimens, including blood. .

The information provided herein allows the
design of primers and/or probes which are derived from
conserved regions of the HCV genome. The provision of
these primers and probes makes available a general method
which will detect variant HCV strains, and which will be
of use in the Screening of blood and blood products.

If the primers used in the method are derived
from conserved regions of the HCV genome, the method
should aid in the detection and/or identification of
variant strains of HCV. This, in turn, should lead to the
development of additional immunolegical reagents for the
detection and diagnosis of HCV, as well as the development
of additional polynucleotide reagents for detection and or
treatment of HCV.

In addition, sets of primers and probes designed
from the conserved amino acid sequences of Flaviviruses




10

15

20

25

30

35

-114-

and HCV allow for a universal detection method for these
infectious agents.
The following listed materials are on deposit

under the terms of the Budapest Treaty with the American
Type Culture Collection (ATCC), 12301 Parklawn Dr.,
Rockville, Maryland 20852, and have been assigned the fol-
lowing Accession Numbers.

lambda-gtll

HCV cDNA library

clone
clone
clone
clone
clone
clone
clone
clone
JsC 3
pS356

81
91
1-2
5-1-1
12€
35£
15e
K9-1
08

ATCC No.

40394
40388
40389
40390
40391
40514
40511
40513
40512
20879
67683

Deposit

Date

1 Dec.
17 Nov.
17 Nov.
17 Nov.
18 Nov.
10 Nov.
10 Nov.
10 Nov.
10 Nov.

S May

1987
1987
1987
1987
1987
1988
1988
1988
1988
1988

29 April 1988

In addition, the following deposits were made on 11 May

1989.

Strain

D1210
D1210
D1210
D1210
D1210
D1210
D1210
D1210
D1210
HB101

(C£1/5-1-1)
(Cf1/81)
(C£1/CA74a)
(C£1/35¢f)
(Cf1/27%a)
(Cf1/C36)
(C£1/13i)
(C£1/C33b)
(C£1/CA290a)
(AB24/C100

#3R)

Linkers
EF
EF
EF
AB
EF
CD
AB
EF
AB

67967
67968
67969
67970
67971
67972
67973
67974
67975
67976

ATCC No.
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The following derivatives of strain D1210 were deposited
on 3 May 1989.

Strain Derivative
pCF1CS/C8f
pCF1AB/C12f
pCF1EF/14c
pCF1lEF/15e
pCF1AB/C25c¢
pCF1EF/C33c
pCF1EF/C33f
pCF1CD/33g
pCF1CD/C39¢c
pCF1EF/C40b
pCF1EF/CA167b

ATCC No.

67956
67952
67949
67954
67958
67953
67950
67951
67955
67957
67959

The following strains were deposited on May 12, 1989.

Strain

Lambda gt11(C35)
Lambda gtl10(beta-5a)
D1210 (C40b)

D1210 (M16)

ATCC No.

40603
40602
67980
67981

The following biological materials were deposited on March

23,

1990.

Material
5’-clone32 (in pUC18S)

ATCC No.

68276



FIG. 1 Trgnslation of DNA 12f

IlePheLysIleArgMetTyrValGlyGlyValGluHisArgLeuGluAlaAlaCysAsn
1 CCATATTTAAAATCAGGATGTACGTGGGAGGGGTCGAACACAGGCTGGAAGCTGCCTGCA
GGTATAAATTTTAGTCCTACATGCACCCTCCCCAGCTTGTGTCCGACCTTCGACGGACGT

TrpThrArgGlyGluArgCysAspLeuGluAspArgAspArgSerGluleuSerProleu
61 ACTGGACGCGGGGCGAACGTTGCGATCTGGAAGACAGGGACAGGTCCGAGCTCAGCCCGT
TGACCTGCGCCCCGCTTGCAACGCTAGACCTTCTGTCCCTGTCCAGGCTCGAGTCGGGCA

LeuLeuThrThrThrGlnTrpGlnvalLeuProCysSerPheThrThrleuProAlaleu
121 TACTGCTGACCACTACACAGTGGCAGGTCCTCCCGTGTTCCTTCACAACCCTACCAGCCT
ATGACGACTGGTGATGTGTCACCGTCCAGGAGGGCACAAGGAAGTGTTGGGATGGTCGGA |

SerThrGlyLeulleHisLeuHisGlnAsnIleValAspValGlnTyrLeuTyrGlyval
181 TGTCCACCGGCCTCATCCACCTCCACCAGAACATTGTGGACGTGCAGTACTTGTACGGGG :
ACAGGTGGCCGGAGTAGGTGGAGGTGGTCTTGTAACACCTGCACGTCATGAACATGCCCC

GlySerSerIleAlaSerTrpAlalleLysTrpGluTyrValvValLeuLeuPheLeulLeu
241 TGGGGTCAAGCATCGCGTCCTGGGCCATTAAGTGGGAGTACGTCGTTCTCCTGTTCCTITC
ACCCCAGTTCGTAGCGCAGGACCCGGTAATTCACCCTCATGCAGCAAGAGGACAAGGAAG

LeuAlaAspAlaArgValesSerCysLeuTrpMetMetLeuLeuIleSerGlnAlaGlu
301 TGCTTGCAGACGCGCGCGTCTGCTCCTGCTTGTGGATGATGCTACTCATATCCCAAGCGE
ACGAACGTCTGCGCGCGCAGACGAGGACGAACACCTACT/.CGATGAGTATAGGGTTCGCC

- --Overlap with 141
AlaAlaLeuGluAsnLeuvalIleLeuAsnAlaAlaSerLeuAlaG1yThrHisGlyLeu
361 AGGCGGCTTTGGAGAACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGACGCACGGTC
TCCGCCGAAACCTCTTGGAGCATTATGAATTACGTCGTAGGGACCGGCCCTGCGTGCCAG

val
421 TTGTATC
AACATAG
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FIG. 2-1 translation of DNA k9-1

GlyCysProGluArgLeuAlaSerCysArgProLeuThrAspPheAspGlnGlyTrpGly
1 CAGGCTGTCCTGAGAGGCTAGCCAGCTGCCGACCCCTTACCGATTTTGACCAGGGCTGGG -
GTCCGACAGGACTCTCCGATCGGTCGACGGCTGGGGAATGGCTAAAACTGGTCCCGACCC

- ProIleSerTyrAlaAsnGlySerGlyProAspGlnArgProTyrCysTrpHisTyrPro
61 GCCCTATCAGTTATGCCAACGGAAGCGGCCCCGACCAGCGCCCCTACTGCTGGCACTACC
CGGGATAGTCAATACGGTTGCCTTCGCCGGGGCTGGTCGCGGGGATGACGACCGTGATGG

ProLysProCysGlyIleValProAlaLysSerValCysGlyProValTyrCysPheThr
121 CCCCAAAACCTTGCGGTATTGTGCCCGCGAAGAGTGTGTGTGGTCCGGTATATTGCTTCA -
GGGGTTTTGGAACGCCATAACACGGGCGCTTCTCACACACACCAGGCCATATAACGAAGT

. ProSerProValvalvalGlyThrThrAspArgSerGlyAlaProThrTyrSerTrpGly
181 CTCCCAGCCCCGTGGTGGTGGGAACGACCGACAGGTCGGGCGCGCCCACCTACAGCTGGS
- GAGGGTCGGGGCACCACCACCCTTGCTGGCTGTCCAGCCCGCGCGGGTGGATGTCGACCC

GluAsnAspThrAspValPheVallLeuAsnAsnThrArgProProleuGlyAsnTrpPhe
241 GTGAAAATGATACGGACGTCTTCGTCCTTAACAATACCAGGCCACCGCTGGGCAATTGGT
CACTTTTACTATGCCTGCAGAAGCAGGAATTGTTATGGTCCGGTGGCGACCCGTTAACCA”

GlyCysThrTrpMetAsnSerThrGlyPheThrLysValCysGlyAlaProProCysVal
301.TCGGTTGTACCTGGATGAACTCAACTGGATTCACCAAAGTGTGCGGAGCGCCTCCTTGTG
AGCCAACATGGACCTACTTGAGTTGACCTAAGTGGTTTCACACGCCTCGCGGAGGAACAC

. IleGlyGlyAlaGlyAsnAsnThrLeuHisCysProThrAspCysPheArgLysHisPro
361 TCATCGGAGGGGCGGGCAACAACACCCTGCACTGCCCCACTGATTGCTTCCGCAAGCATC -
AGTAGCCTCCCCGCCCGTTGTTGTGGGACGTGACGGGGTGACTAACGAAGGCGTTCGTAG

AspAlaThrTyrSerArgCysGlySerGlyProTrplleThrProArgCysLeuvalAsp
421CGGACGCCACATACTCTCGGTGCGGCTCCGGTCCCTGGATCACACCCAGGTGCCTQGTCG :
GCCTGCGGTGTATGAGAGCCACGCCGAGGCCAGGGACCTAGTGTGGGTCCACGGACCAGS

TyrProTyrArgLeuTrpHisTyrProCysThrileAsnTyrThrIlePheLysIleArg
481 ACTACCCGTATAGGCTTTGGCATTATCCTTGTACCATCAACTACACTATATTTAAAATCA
TGATGGGCATATCCGAAACCGTAATAGGAACATGGTAGTTGATGTGATATAAATTTTAGT

MetTyrValGlyGlyValGluHisArgLeuGluAlaAlaCysAsnTrpThrArgGlyGlu
541 GGATGTACGTGGGAGGGGTCGAGCACAGGCTGGAAGCTGCCTGCAACTGGACGCGGGGEG
CCTACATGCACCCTCCCCAGCTCGTGTCCGACCTTCGACGGACGTTGACCTGCGCCCCGE -

ArgCysAspLeuGluAspArgAspArgSerGluleuSerProLeuleuleuThrThrThr
601 AACGTTGCGATCTGGAAGATAGGGACAGGTCCGAGCTCAGCCCGTTACTGCTGACCACTA o
TTGCAACGCTAGACCTTCTATCCCTGTCCAGGCTCGAGTCGGGCAATGACGACTGGTGAT

GlnTrpGlnValLeuProCysSerPheThrThrLeuProAlaLeuSerThrGlyLeuIle
661 CACAGTGGCAGGTCCTCCCGTGTTCCTTCACAACCCTGCCAGCCTTGTCCACCGGCCTCA
GTGTCACCGTCCAGGAGGGCACAAGGAAGTGTTGGGACGGTCGGAACAGGTGGCCGGAGT



———--0verlap with Combined ORF of DNAs 12f through l15e——-—
HisLeuHisGlnAsnIleValAspValGlnTyrLeuTyrGlyValGlySerSerIleAla

721 TCCACCTCCACCAGAACATTGTGGACGTGCAGTACTTGTACGGGGTGGGGTCAAGCATCG

AGGTGGAGGTGGTCTTGTAACACCTGCACGTCATGAACATGCCCCACCCCAGTTCGTAGC

v SerTrpAlalleLysTrpGluTyrValvValleuleuPheLeuleuleuAlaAspAlaArg
781 CGTCCTGGGCCATTAAGTGGGAGTACGTCGTCCTCCTGTTCCTTCTGCTTGCAGACGCGC
GCAGGACCCGGTAATTCACCCTCATGCAGCAGGAGGACAAGGAAGACGAACGTCTIGCGCG

' ValCysSerCysLeuTrpMetMetLeuleuIleSerGlnAlaGluAlaAlaLeuGluAsn
841 GCGTCTGCTCCTGCTTGTGGATGATGCTACTCATATCCCAAGCGGAAGCGGCTTTGGAGA
CGCAGACGAGGACGAACACCTACTACGATGAGTATAGGGTTCGCCTTCGCCGAAACCTCT

LeuValIleLeuAsnAlaAlaSerLeuAlaGlyThrHisGlyLeuValSerPheLeuVal
901 ACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGACGCACGGTCTTGTATCCTTCCTCG
TGGAGCATTATGAATTACGTCGTAGGGACCGGCCCTGCGTGCCAGAACATAGGAAGGAGC

PhePheCysPheAlaTrpTyrLeuLysGlyLysTrpValProGlyAlavalTyrThrPhe
961 TGTTCTTCTGCTTTGCATGGTATCTGAAGGGTAAGTGGGTGCCCGGAGCGGTCTACACCT
ACAAGAAGACGAAACGTACCATAGACTTCCCATTCACCCACGGGCCTCGCCAGATGTGGA

TyrGlyMetTrpProLeuleuleuleuLeuLeuAlaleuProGlnArgAlaTyrAlaleu
1021 TCTACGGGATGTGGCCTCTCCTCCTGCTCCTGTTGGCGTTGCCCCAGCGGGCGTACGCGC
AGATGCCCTACACCGGAGAGGAGGACGAGGACAACCGCAACGGGGTCGCCCGCATGCGCG

AspThrGluvalAlaAlaSerCysGlyGlyvValvalleuValGlyLeuMetAlaLeuThr
1081 TGGACACGGAGGTGGCCGCGTCGTGTGGCGGTGTTGTTCTCGTCGGGTTGATGGCGCTAA |
ACCTGTGCCTCCACCGGCGCAGCACACCGCCACAACAAGAGCAGCCCAACTACCGCGATT'

LeuSerProTyrTyrLysArgTyrIleSerTrpCysLeuTrpTrpLeuGlnTyrPheLeu
1141 CTCTGTCACCATATTACAAGCGCTATATCAGCTGGTGCTTGTGGTGGCTTCAGTATTTTC -
- GAGACAGTGGTATAATGTTCGCGATATAGTCGACCACGAACACCACCGAAGTCATAAAAG

ThrArgvValGluAlaGlnLeuHisValTrpIleProProlLeuAsnValArgGlyGlyArg
1201 TGACCAGAGTGGAAGCGCAACTGCACGTGTGGATTCCCCCCCTCAACGTCCGAGGGGGGC
ACTGGTCTCACCTTCGCGTTGACGTGCACACCTAAGGGGGGGAGTTGCAGGCTCCCCCCG

AspAlavValIleLeulLeuMetCysAlaValHisProThrLeuValPheAspIleThrLys
1261 GCGACGCTGTCATCTTACTCATGTGTGCTGTACACCCGACTCTGGTATTTGACATCACCA
CGCTGCGACAGTAGAATGAGTACACACGACATGTGGGCTGAGACCATAAACTGTAGTGGT

LeulLeuLeuAlaValPheGlyProLeuTrpIlleLeuGlnAla
1321 AATTGCTGCTGGCCGTCTTCGGACCCCTTTGGATTCTTCAAGCCAG
TTAACGACGACCGGCAGAAGCCTGGGGAAACCTAAGAAGTTCGGTC

FIG. 2-2
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FIG 3 Translation of DNA 1lSe

GlyAlaGlyLysArgValTyrTyrLeuThrargAspProThrThrProleuAlaArgAla
CGGCGCTGGAAAGAGGGTCTACTACCTCACCCGTGACCCTACAACCCCCCTCGCGAGAGE
GCCGCGACCTTTCTCCCAGATGATGGAGTGGGCACTGGGATGTTGGGGGGAGCGCTCTCG

Overlap with 26g -

AlaTrpGluThrAlaArgHisThrProvalAsnSerTrpLeuGlyAsnIleIleMetPhe
TGCGTGGGAGACAGCAAGACACACTCCAGTCAATTCCTGGCTAGGCAACATAATCATGTT -
ACGCACCCTCTGTCGTTCTGTGTGAGGTCAGTTAAGGACCGATCCGTTGTATTAGTACAA

AlaProThrLeuTrpAlaArgMetIleLeuMetThrHisPhePheSerVallLeulleala
TGCCCCCACACTGTGGGCGAGGATGATACTGATGACCCATTTCTTTAGCGTCCTTATAGC
ACGGGGGTGTGACACCCGCTCCTACTATGACTACTGGGTAAAGAAATCGCAGGAATATCG

ArgAspGlnLeuGluGlnAlaLeuAspCysGluIleTyrGlyAlaCysTyrSerIleGlu
CAGGGACCAGCTTGAACAGGCCCTCGATTGCGAGATCTACGGGGCCTGCTACTCCATAGA
GTCCCTGGTCGAACTTGTCCGGGAGCTAACGCTCTAGATGCCCCGGACGATGAGGTATCT

ProLeuAspLeuProProlIleIleGlnArgLeu
ACCACTTGATCTACCTCCAATCATTCAAAGACTC
TGGTGAACTAGATGGAGGTTAGTAAGTTTCTGAG



FIG. 4

Translation of DNA 13i

ProSerProvalValValGlyThrThrAspArgSerGlyAlaProThrTyrSerTrpGly
1 CTCCCAGCCCCGTGGTGGTGGGAACGACCGACAGGTCGGGCGCGCCTACCTACAGCTGGG
GAGGGTCGGGGCACCACCACCCTTGCTGGCTGTCCAGCCCGCGCGGATGGATGTCGACCC

GluAsnAspThrAspValPheVallLeuAsnAsnThrArgProProLeuGlyAsnTrpPhe
61 GTGAAAATGATACGGACGTCTTCGTCCTTAACAATACCAGGCCACCGCTGGGCAATTGGT
CACTTTTACTATGCCTGCAGAAGCAGGAATTGTTATGGTCCGGTGGCGACCCGTTAACCA

GlyCysThrTrpMetAsnSerThrGlyPheThrLysValCysGlyAlaProProCysval
121 TCGGTTGTACCTGGATGAACTCAACTGGATTCACCAAAGTGTGCGGAGCGCCTCCTTGTG
AGCCAACATGGACCTACTTGAGTTGACCTAAGTGGTTTCACACGCCTCGCGGAGGAACAC

IleGlyGlyAlaGlyAsnAsnThrLeuHisCysProThrAsprsPheArgLysHisPro
181 TCATCGGAGGGGCGGGCAACAACACCCTGCACTGCCCCACTGATTGCTTCCGCAAGCATC
AGTAGCCTCCCCGCCCGTTGTTGTGGGACGTGACGGGGTGACTAACGAAGGCGTTCGTAG

AspAlaThrTyrSerArgCysGlySerGlyProTrpLeuThrProArgCysLeuValAsp
_241CGGACGCCACATACTCTCGGTGCGGCTCCGG?CCCTGGCTCACACCCAGGTGCCTGGTCG
GCCTGCGGTGTATGAGAGCCACGCCGAGGCCAGGGACCGAGTGTGGGTCCACGGACCAGC

.~ TyrProTyrArgLeuTrpHisTyrProCysThrlleAsnTyrThrllePhelyslleArg
301 ACTACCCGTATAGGCTTTGGCATTATCCTTGTACCATCAACTACACCATATTTAAAATCA
TGATGGGCATATCCGAAACCGTAATAGGAACATGGTAGTTGATGTGGTATAAATTTTAGT

- - - W D WP WP - - D W D W WP WD S A D AR P D D G S N - — - D W G S - e D - - - - - - - -

MetTyrValGlyGlyValGluHisArgLeuGluAlaAlaCysAsnTrpThrArgGlyGlu
361GGATGTACGTGGGAGGGGTcgAGCACAGGCTGGAAGCTGCCTGCAACTGGACGCGGGGCG
CCTACATGCACCCTCCCCAGCTCGTGTCCGACCTTCGACGGACGTTGACCTGCGCCCCGC

--------------- Overlap with 12f---===-—---co=--—co—coocooom-
ArgCysAspLeuGluAspArgAspArgserGluLeuserProLeuLeuLeuThrThrThr

421AACGTTGCGATCTGGAAGACRGGGACAGGTCCGAGCTCAGCCCGTTACTGCTGACCACTA

TTGCAACGCTAGACCTTCTGTCCCTGTCCAGGCTCGAGTCGGGCAATGACGACTGGTGAT

GlnTrpGlnValLeuProCysSerPheThrThrLeuProAlalLeuSerThrGlyLeu
481 CACAGTGGCAGGTCCTCCCGTGTTCCTTCACAACCCTGCCAGCCTTGTCCACCGGCCTCA
GTGTCACCGTCCAGGAGGGCACAAGGAAGTGTTGGGACGGTCGGAACAGGTGGCCGGAGT
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Translation of DNA 26 FIG 5

LeuPheTyrHisHisLysPheAsnSerSerGlyCysProGluArgLeuAlaSerCysArg
1GCTTTTCTATCACCACAAGTTCAACTCTTCAGGCTGTCCTGAGAGGCTAGCCAGCTGCCG -
CGAAAAGATAGTGGTGTTCAAGTTGAGAAGTCCGACAGGACTCTCCGATCGGTCGACGGC

ProleuThrAspPheAspGlnGlyTrpGlyProlleSerTyrAlaAsnGlySerGlyPro
61 ACCCCTTACCGATTTTGACCAGGGCTGGGGCCCTATCAGTTATGCCAACGGAAGCGGCCC
TGGGGAATGGCTAAAACTGGTCCCGACCCCGGGATAGTCAATACGGTTGCCTTCGCCGGG

AspGlnArgProTyrCysTrpHisTyrProProLysProCysGlylIlevValProAlalys
121 CGACCAGCGCCCCTACTGCTGGCACTACCCCCCAAAACCTTGCGGTATTGTGCCCGCGAA
GCTGGTCGCGGGGATGACGACCGTGATGGGGGGTTTTGGAACGCCATAACACGGGCGCTT

-=-=-Qverlap with 13{---
ServValCysGlyProvalTyrCysPheThrProSerProvalvalval

181 GAGTGTGTGTGGTCCGGTATATTGCTTCACTCCCAGCCCCGTGGTGGTGGG

CTCACACACACCAGGCCATATAACGAAGTGAGGGTCGGGGCACCACCACCC

Translation of DNA CAS9a FIG. 6

- LeuValMetAlaGlnLeuLeuArgIleProGlnAlalleleuAspMetIleAlaGlyAla
1 TTGGTAATGGCTCAGCTGCTCCGGATCCCACAAGCCATCTTGGACATGATCGCTGGTGCT
AACCATTACCGAGTCGACGAGGCCTAGGGTGTTCGGTAGAACCTGTACTAGCGACCACGA

HisTrpGlyvallLeuAlaGlyIleAlaTyrPheSerMetvValGlyAsnTrpAlalLysval
61 CACTGGGGAGTCCTGGCGGGCATAGCGTATTTCTCCATGGTGGGGAACTGGGCGAAGGTC
GTGACCCCTCAGGACCGCCCGTATCGCATAAAGAGGTACCACCCCTTGACCCGCTTCCAG

LeuValValleuLeulLeuPheAlaGlyvValAspAlaGluThrHisvalThrGlyGlySer
121 CTGGTAGTGCTGCTGCTATTTGCCGGCGTCGACGCGGAAACCCACGTCACCGGGGGAAGT
GACCATCACGACGACGATAAACGGCCGCAGCTGCGCCTTTGGGTGCAGTGGCCCCCTTCA

AlaGlyHisThrvalSerGlyPheValSerLeuLeuAlaProGlyAlaLysGlnAsnVal
181 GCCGGCCACACTGTGTCTGGATTTGTTAGCCTCCTCGCACCAGGCGCCAAGCAGAACGTC
CGGCCGGTGTGACACAGACCTAAACAATCGGAGGAGCGTGGTCCGCGGTTCGTCTTGCAG

GlnLeulleAsnThrAsnGlySerTrpHisLeuAsnSerThrAlaleuAsnCysAsnAsp
241 CAGCTGATCAACACCAACGGCAGTTGGCACCTCAATAGCACGGCCCTGAACTGCAATGAT
GTCGACTAGTTGTGGTTGCCGTCAACCGTGGAGTTATCGTGCCGGGACTTGACGTTACTA

SerLeuAsnThrGlyTrpLeuAlaGlyleuPheTyrHisHisLysPheAsnSerSerGly
301 AGCCTCAACACCGGCTGGTTGGCAGGGCTTTTCTATCACCACAAGTTCAACTCTTCAGGC -
TCGGAGTTGTGGCCGACCAACCGTCCCGAAAAGATAGTGGTGTTCAAGTTGAGAAGTCCG
------ Overlap with 26j---=-=-v==---

------ Overlap with K9-l--------
CysProGluArgleuAlaSerCysArgPro
361 TGTCCTGAGAGGCTAGCCAGCTGCCGACCCC

ACAGGACTCTCCGATCGGTCGACGGCTGGGG



Translation of DNA CA84a F'G. 7

GlnGly€ysAsnCysSerIleTyrProGlyHisIleThrGlyHisArgMetAlaTrpAsp
1CGCAAGGTTGCAATTGCTCTATCTATCCCGGCCATATAACGGGTCACCGCATGGCATGGG
GCGTTCCAACGTTAACGAGATAGATAGGGCCGGTATATTGCCCAGTGGCGTACCGTACCC

MetMetMetAsnTrpSerProThrThrAlalLeuvValMetAlaGlnLeuLeuArgIlePro
6 LATATGATGATGAACTGGTCCCCTACGACGGCGTTGGTAATGGCTCAGCTGCTCCGGATCC
TATACTACTACTTGACCAGGGGATGCTGCCGCAACCATTACCGAGTCGACGAGGCCTAGG

GlnAlaIleLeuAspMetIleAlaGlyAlaHisTrpGlyValLeuAlaGlyIleAlaTyr
121 CACAAGCCATCTTGGACATGATCGCTGGTGCTCACTGGGGAGTCCTGGCGGGCATAGCGT
GTGTTCGGTAGAACCTGTACTAGCGACCACGAGTGACCCCTCAGGACCGCCCGTATCGCA

------------ Overlap with CAS9a-=--=--ceemmccccceneemem e e
PheSerMetValGlyAsnTrpAlaLysValleuValVallLeulLeuLeuPheAlaGlyval
181 ATTTCTCCATGGTGGGGAACTGGGCGAAGGTCCTGGTAGTGCTGCTGCTATTTGCCGGCG
TAAAGAGGTACCACCCCTTGACCCGCTTCCAGGACCATCACGACGACGATAAACGGCCGC

- ——— - - - D D . D D W - D D = - — -

AspAlaGluThrHisValThrGly
241 TCGACGCGGAAACCCACGTCACCGGGG
~ AGCTGCGCCTTTGGGTGCAGTGGCCCC

Translation of DNA CAlSée FIG 8

CysTrpValAlaMetThrProThrValAlaThrArgAspGlyLysLeuProAlaThrGln
1 GTGTTGGGTGGCGATGACCCCTACGGTGGCCACCAGGGATGGCAAACTCCCCGCGACGCA
CACAACCCACCGCTACTGGGGATGCCACCGGTGGTCCCTACCGTTTGAGGGGCGCTGCGT

LeuArgArgHisIleAspLeuleuValGlySerAlaThrLeuCysSerAlaLeuTyrval
61 GCTTCGACGTCACATCGATCTGCTTGTCGGGAGCGCCACCCTCTGTTCGGCCCTCTACGT
CGAAGCTGCAGTGTAGCTAGACGAACAGCCCTCGCGGTGGGAGACAAGCCGGGAGATGCA

GlyAspLeuCysGlySerValPhelLeuValGlyGlnLeuPheThrPheSerProArgArg
121 GGGGGACCTATGEGGGTCTGTCTTTCTTGTCGGCCAACTGTTCACCTTCTCTCCCAGGCG
CCCCCTGGATACGCCCAGACAGAAAGAACAGCCGGTTGACAAGTGGAAGAGAGGGTCCGC

- - —— - — — — D — - - - - D = - - - ———— —— - W VO TS WP W G WP G W = B wm AP

HisTrpThrThrGlnGlyCysAsnCysSerIleTyrProGlyHisIleThrGlyHisArg
181 CCACTGGACGACGCAAGGTTGCAATTGCTCTATCTATCCCGGCCATATAACGGGTCACCG
GGTGACCTGCTGCGTTCCAACGTTAACGAGATAGATAGGGCCGGTATATTGCCCAGTGGE

-------------------- Overlap with CAB4a-------c---ccocmcaaea

MetAlaTrpAspMetMetMetAsnTrpSerProThrThrAlaLeuValValAlaGlnLeu
241 CATGGCATGGGATATGATGATGAACTGGTCCCCTACGACGGCGTTGGTAGTGGCTCAGCT

GTACCGTACCCTATACTACTACTTGACCAGGGGATGCTGCCGCAACCATCACCGAGTCGA

LeuArgIleProGlnala
301 GCTCCGGATCCCACAAGCC
CGAGGCCTAGGGTGTTCGG
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FIG. 9

Translation of DNA CAlé67b

SerThrGlyLeuTyrHisValThrAsnAspCysProAsnSerSerIleValTyrGluAla
1CTCCACGGGGCTTTACCACGTCACCAATGATTGCCCTAACTCGAGTATTGTGTACGAGGC
- GAGGTGCCCCGAAATGGTGCAGTGGTTACTAACGGGATTGAGCTCATAACACATGCTCCG

AlaAspAlalleleuHisThrProGlyCysvalProCysvValArgGluGlyAsnAlaSer
61 GGCCGATGCCATCCTGCACACTCCGGGGTGCGTCCCTTGCGTTCGTGAGGGCAACGCCTC
CCGGCTACGGTAGGACGTGTGAGGCCCCACGCAGGGAACGCAAGCACTCCCGTTGCGGAG

ArgCysTrpValAlaMetThrProThrvValAlaThrArgAspGlyLysLeuProAlaThr
121 GAGGTGTTGGGTGGCGATGACCCCTACGGTGGCCACCAGGGATGGCAAACTCCCCGCGAC
CTCCACAACCCACCGCTACTGGGGATGCCACCGGTGGTCCCTACCGTTTGAGGGGCGCTG

------------------ Overlap with CAlS56e----=——----—c-—-c——cocc—-
GlnLeuArgArgHisIleAspLeuleuValGlySerAlaThrLeuCysSerAlaLeuTyr
181 GCAGCTTCGACGTCACATCGATCTGCTTGTCGGGAGCGCTACCCTCTGTTCGGCCCTCTA
CGTCGAAGCTGCAGTGTAGCTAGACGAACAGCCCTCGCGATGGGAGACAAGCCGGGAGAT

ValGlyAspLeuCysGlySerValPheLeu
241 CGTGGGGGACTTGTGCGGGTCTGTCTTTCTTG
GCACCCCCTGAACACGCCCAGACAGAAAGAAC
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FIG. 10

Translation of DNA ssCA2l6a

ArgArgArgSerArgAsnleuGlyLysValIleAspThrLeuThrCysGlyPheAlaAsp
CCCGGCGTAGGTCGCGCAATTTGGGTAAGGTCATCGATACCCTTACGTGCGGCTTCGCCG
GGGCCGCATCCAGCGCGTTAAACCCATTCCAGTAGCTATGGGAATGCACGCCGAAGCGGC

LeuMetGlyTyrIleProLeuValGlyAlaProlLeuGlyGlyAlaAlaArgAlaLleuAla
ACCTCATGGGGTACATACCGCTCGTCGGCGCCCCTCTTGGAGGCGCTGCCAGGGCCCTGG
TGGAGTACCCCATGTATGGCGAGCAGCCGCGGGGAGAACCTCCGCGACGGTCCCGGGACC

HisGlyValArgValLeuGluAspGlyValAsnTyrAlaThrGlyAsnLeuProGlyCys
CGCATGGCGTCCGGGTTCTGGAAGACGGCGTGAACTATGCAACAGGGAACCTTCCTGGTT
GCGTACCGCAGGCCCAAGACCTTCTGCCGCACTTGATACGTTGTCCCTTGGAAGGACCAA

SerPheSerIlePheleuleuAlaleul.euSerCysLeuThrvValProAlaSerAlaTyr
GCTCTTTCTCTATCTTCCTTCTGGCCCTGCTCTCTTGCTTGACTGTGCCCGCTTCGGCCT
CGAGAAAGAGATAGAAGGAAGACCGGGACGAGAGAACGAACTGACACGGGCGAAGCCGGA

GlnValArgAsnSerThrGlyLeuTyrHisValThrAsnAspCysProAsnSerSerlle
ACCAAGTGCGCAACTCCACGGGGCTTTACCACGTCACCAATGATTGCCCTAACTCGAGTA
TGGTTCACGCGTTGAGGTGCCCCGAAATGGTGCAGTGGTTACTAACGGGATTGAGCTCAT

-overlap with CAl67b-
ValTyrGluAlaAlaAspAlaIleLeuHisThrProGlyCysValProCysvValArgGlu

TTGTGTACGAAGCGGCCGATGCCATCCTGCACACTCCGGGGTGCGTCCCTTGCGTICGTG

AACACATGCTTCGCCGGCTACGGTAGGACGTGTGAGGCCCCACGCAGGGAACGCAAGCAC

GlyAsnAlaSerArgCysTrpvValAlaMetThrProThrValAla
AGGGCAACGCCTCGAGGTGTTGGGTGGCGATGACCCCTACGGTGGCC
TCCCGTTGCGGAGCTCCACAACCCACCGCTACTGGGGATGCCACCGG
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FIG. 11

Translation of DNA ssCA290a

LysLysAsnLysArgAsnThrAsnArgArgProGlnAspVallysPheProGlyGlyGly
CAAACGTAACACCAACCGTCGCCCACAGGACGTCAAGTTCCCGGGTGGCG
ITTTTITTTTTIGTTTGCATTGTGGTTGGCAGCGGGTGTCCTGCAGTTCAAGGGCCCACCGC

GlnlleValGlyGlyValTyrLeuleuProArgArgGlyProArgLeuGlyValArgala
GTCAGATCGTTIGGTGGAGTTTACTTGTTGCCGCGCAGGGGCCCTAGATTGGGTGTGCGCG
CAGTCTAGCAACCACCTCAAATGAACAACGGCGCGTCCCCGGGATCTAACCCACACGCGC

- ThrArgLysThrSerGluArgSerGlnProArgGlyArgArgGlnProIleProLysAla
CGACGAGAAAGACTTCCGAGCGGTCGCAACCTCGAGGTAGACGCCAGCCTATCCCCAAGG
GCTIGCTCTTTCTGAAGGCTCGCCAGCGTTGGAGCTCCATCTGCGGTCGGATAGGGGTTCC

ArgArgProGluGlyArgThrTrpAlaGlnProGlyTerfoTerroLeuTyrGlyAsn
CTCGTCGGCCCGAGGGCAGGACCTGGGCTCAGCCCGGGTACCCTTGGCCCCTCTATGGCA
GAGCAGCCGGGCTCCCGTCCTGGACCCGAGTCGGGCCCATGGGAACCGGGGAGATACCGT

GluGlyCysGlyTrpAlaGlyTrpleulLeuSerProArgGlySerArgProSerTrpGly
ATGAGGGCTGCGGGTGGGCGGGATGGCTCCTGTCTCCCCGTGGCTCTCGGCCTAGCTGGG
TACTCCCGACGCCCACCCGCCCTACCGAGGACAGAGGGGCACCGAGAGCCGGATCGACCC

ProThrAspProArgArgArgSerArgAsnLeuGlyLysValIleAspThrLeuThrCys
GCCCCACAGACCCCCGGCGTAGGTCGCGCAATTTGGGTAAGGTCATCGATACCCTTACGT
CGGGGTGTCTGGGGGCCGCATCCAGCGCGTTAAACCCATTCCAGTAGCTATGGGAATGCA

GlyPheAléAspLeuMetGlyTyrIleProLeuValclyAlaProLeuGlyGlyAlaAla
GCGGCTTCGCCGACCTCATGGGGTACATACCGCTCGTCGGCGCCCCTCTTGGAGGCGLTG
CGCCGAAGCGGCTGGAGTACCCCATGTATGGCGAGCAGCCGCGGGGAGAACCTCCGCGAC

overlap with CA2l6a
ArgAlaleuAlaHisGlyValArgValLeuGluAspGlyValAsnTyrAlaThrGlyAsn

CCAGGGCCCTGGCGCATGGCGTCCGGGTTCTGGAAGACGGCGTGAACTATGCAACAGGGA

GGTCCCGGGACCGCGTACCGCAGGCCCAAGACCTTCTGCCGCACTTGATACGTTGTCCCT

LeuProGlyCysSerPheSerThrPhe
ACCTTCCTGGTTGCTCTTTCTCTACCTTC
TGGAAGGACCAACGAGAAAGAGATGGAAG
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Translation of DNA ag30a
FIG 1 2_1 #MetServValvalGlnProProGlyProProlLeu
#MetAlaleuvalQP
CGCAGAAAGCGTCTAGCCATGGCGTTAGTATGAGTGTCGTGCAGCCTCCAGGACCCCCCC
GCGTCTTTCGCAGATCGGTACCGCAATCATACTCACAGCACGTCGGAGGTCCTGGGGGGG
ProGlyGluProAM
TCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTACACCGGAATTGCCAGGACGAC
AGGGCCCTCTCGGTATCACCAGACGCCTTGGCCACTCATGTGGCCTTAACGGTCCTGCTG
#MetProGlyAspLeuGlyValProProGlnAsp

CGGGTCCTTTCTTGGATCAACCCGCTCAATGCCTGGAGATTTGGGCGTGCCCCCGCAAGA
GCCCAGGAAAGAACCTAGTTGGGCGAGTTACGGACCTCTAAACCCGCACGGGGGCGTTICT

OP AM GlyAlaCys
CysaAM *

CTGCTAGCCGAGTAGTGTTGGGTCGCGAAAGGCCTTGTGGTACTGCCTGATAGGGTGCTT
GACGATCGGCTCATCACAACCCAGCGCTTTCCGGAACACCATGACGGACTATCCCACGAA
GluCysProGlyArgSerArgArgProCysThrMetSerThrAsnProLysProGlnLys
GCGAGTGCCCCGGGAGGTCTCGTAGACCGTGCACCATGAGCACGAATCCTAAACCTCAAA
CGCTCACGGGGCCCTCCAGAGCATCTGGCACGTGGTACTCGTGCTTAGGATTTGGAGTTT
LysAsnLysArgAsnThrAsnArgArgProGlnAspValLysPheProGlyGlyGlyGln

AAAAAAACAAACGTAACACCAACCGTCGCCCACAGGACGTCAAGTTCCCGGGTGGCGGTC
TTTTTTTGTTTGCATTGTGGTTGGCAGCGGGTGTCCTGCAGTTCAAGGGCCCACCGCCAG

IlevValGlyGlyValTyrLeulLeuProArgaArgGlyProArgleuGlyvalArgAlaThr

AGATCGTTGGTGGAGTTTACTTGTTGCCGCGCAGGGGCCCTAGATTGGGTGTGCGCGCGA
TCTAGCAACCACCTCAAATGAACAACGGCGCGTCCCCGGGATCTAACCCACACGCGCGCT

ArgLysThrSerGluArgSerGlnProArgGlyArgArgGlnProIleProLysAlaArg

CGAGAAAGACTTCCGAGCGGTCGCAACCTCGAGGTAGACGTCAGCCTATCCCCAAGGCTC
GCTCTTTCTGAAGGCTCGCCAGCGTTGGAGCTCCATCTGCAGTCGGATAGGGGTTCCGAG

ArgProGluGlyArgThrTrpAlaGlnProGlyTyrProTrpProleuTyrGlyAsnGlu

-—overlap with CA290a
GTCGGCCCGAGGGCAGGACCTGGGCTCAGCCCGGGTACCCTTGGCCCCTCTATGGCAATG
CAGCCGGGCTCCCGTCCTGGACCCGAGTCGGGCCCATGGGAACCGHGGAGATACCGTTAC

GlyCysGlyTrpAlaGlyTrpLeuleuSerProArgGlySerArgProSerTrpGlyPro

AGGGCTGCGGGTGGGCGGGATGGCTCCTGTCTCCCCGTGGCTCTCGGCCTAGCTGGGGCC
TCCCGACGCCCACCCGCCCTACCGAGGACAGAGGGGCACCGAGAGCCGGATCGACCCCGG

ThrAspProArgArgArgSerArgAsnLeuGlyLysValIlleAspThrLeuThrCysGly
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a——

601 CCACAGACCCCCGGCGTAGGTCGCGCAATTTGGGTAAGGTCATCGATACCCTTACGTGCG
GGTGTCTGGGGGCCGCATCCAGCGCGTTAAACCCATTCCAGTAGCTATGGGAATGCACGC

Phe

661 GCTTC
CGAAG

* = Start of long HCV ORF

| = Putative first amino acid of large HCV polyprotein

$# = Putative small encoded peptides (that may play a
translational regulatory role)

FIG. 12-2
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FIG. 13

Translation of DNA CA205a

ValleuGlyArgGluArgProCysGlyThrAalaOP AM GlyAlaCysGluCysProGly
GTCTTGGGTCGCGAAAGGCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGG
CAGAACCCAGCGCTTTCCGGAACACCATGACGGACTATCCCACGAACGCTCACGGGGCCC

b

ArgSerArgArgProCysThrMetSerThrAsnProLysProGlnArgLysThrLysArg
AGGTCTCGTAGACCGTGCACCATGAGCACGAATCCTAAACCTCAAAGAAAAACCAAACGT
TCCAGAGCATCTGGCACGTGGTACTCGTGCTTAGGATTTGGAGTTTCTTTTTGGTTTGCA

AsnThrAsnArgArgProGlnAspvValLysPheProGlyGlyGlyGlnIleValGlyGly
AACACCAACCGTCGCCCACAGGACGTCAAGTTCCCGGGTGGCGGTCAGATCGTTGGTGGA
TTGTGGTTGGCAGCGGGTGTCCTGCAGTTCAAGGGCCCACCGCCAGTCTAGCAACCACCT

ValTyrLeuLeuProArgArgGlyProArgleuGlyValArgAlaThrArgLysThrSer
GTTTACTTGTTGCCGCGCAGGGGCCCTAGATTGGGTGTGCGCGCGACGAGAAAGACTTCC
CAAATGAACAACGGCGCGTCCCCGGGATCTAACCCACACGCGCGCTGCTCTTTCTGAAGG

overlap with CA290a
GluArgSerGlnProArgGlyArgArgGlnProIleProLysAlaArgArgProGluGly
GAGCGGTCGCAACCTCGAGGTAGACGTCAGCCTATCCCCAAGGCTCGTCGGCCCGAGGGC
CTCGCCAGCGTTGGAGCTCCATCTGCAGTCGGATAGGGGTTCCGAGCAGCCGGGCTCCCG

ArgThrTrpAlaGlnProGlyTyrProTrpProLeuTyrGlyAsnGluGlyCys
AGGACCTGGGCTCAGCCCGGGTACCCTTGGCCCCTCTATGGCAATGAGGGCTGCG
TCCTGGACCCGAGTCGGGCCCATGGGAACCGGGGAGATACCGTTACTCCCGACGC

* = putative initiator methionine codon
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FIG. 14

Translation of DNA 18g

$ProProOP
#SerThrMetAanisSerProValArgAsnTy:CysLeuHisAlaGluServalAM Pro
#LeuHisHisGlpSerLeuProCysGluGluLeuLeuserSerArgArgLysgrgLeuAla
CTCCACCATGAATCACTCCCCTGTGAGGAACTACTGTCTTCACGCAGAAAGCGTCTAGCC
GAGGTGGTACTTAGTGAGGGGACACTCCTTGATGACAGAAGTGCGTCTTTCGCAGATCGG

#MetServalValGlnProProGlyProProLeuProGlyGluProAM

MetAlaleuvalQpP
ATGGCGTTAGTATGAGTGTCGTGCAGCCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGT
TACCGCAATCATACTCACAGCACGTCGGAGGTCCTGGGGGGGAGGGCCCTCTCGGTATCA

GGTCTGCGGAACCGGTGAGTACACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGATC
CCAGACGCCTTGGCCACTCATGTGGCCTTAACGGTCCTGCTGGCCCAGGAAAGAACCTAG

overlap with ag30a
#MetProGlyAspLeuGlyValProProGlnAsprsAM

AACCCGCTCAATGCCTGGAGATTTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGTGT
TTGGGCGAGTTACGGACCTCTAAACCCGCACGGGGGCGTTCTGACGATCGGCTCATCACA

OP AM GlyAlaCysGluCysProGlyArgSer
*

TGGGTCGCGAAAGGCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAGGT
ACCCAGCGCTTTCCGGAACACCATGACGGACTATCCCACGAACGCTCACGGGGCCCTCCA

ArgArg

CTCGTAGA
GAGCATCT

* = Start of long HCV ORF - 4
# = Putative small encoded peptides (that may
pPlay a translational regulatory role)



FIG. 15

Translation of DNA 16jh

-—-=---Qverlap with 1l5e
GlyAlaCysTyrSerIleGluProLeuAspLeuProProIleIleGlnArgLeuHiscly
1 GGGGCCTGCTACTCCATAGAACCACTGGATCTACCTCCAATCATTCAAAGACTCCATGGC
CCCCGGACGATGAGGTATCTTGGTGACCTAGATGGAGGTTAGTAAGTTTCTGAGGTACCG

. LeuSerAlaPheSerLeuHisSerTyrSerProGlyGluIleAsnArgValAlaAlaCys
61 CTCAGCGCATTTTCACTCCACAGTTACTCTCCAGGTGAAATTAATAGGGTGGCCGCATGC
GAGTCGCGTAAAAGTGAGGTGTCAATGAGAGGTCCACTTTAATTATCCCACCGGCGTACG

Gly*
G
LeuArglysLeuGlyValProProleuArgAlaTrpArgHisArgAlaArgServValArg
121CTCAGAAAACTTGGGGTACCGCCCTTGCGAGCTTGGAGACACCGGGCCCGGAGCGTCCGC
GAGTCTTTTGAACCCCATGGCGGGAACGCTCGAACCTCTGTGGCCCGGGCCTCGCAGGEG

AlaArgLeuLeuAlaArgGlyGlyArgAlaAlalleCysGlyLysTyrLeuPheAsnTrp
181GCTAGGCTTCTGGCCAGAGGAGGCAGGGCTGCCATATGTGGCAAGTACCTCTTCAACTGG
CGATCCGAAGACCGGTCTCCTCCGTCCCGACGGTATACACCGTTCATGGAGAAGTTGACC

» AlaValArgThrLysLeuLys
241 GCAGTAAGAACAAAGCTCAAAC
CGTCATTCTTGTTTCGAGTTTG

* = nucleotide heterogeneity
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Translation of DNA 6k

------------------------ Overlap with 16jh--c-cccccccccncaaan
GlyArgAlaAlalleCysGlyLysTyrLeuPheAsnTrpAlaValArgThrLysLeulys
GGCAGGGCTGCCATATGTGGCAAGTACCTCTTCAACTGGGCAGTAAGAACAAAGCTCAAA
CCGTCCCGACGGTATACACCGTTCATGGAGAAGTTGACCCGTCATTCTTGTTTICGAGTTT

LeuThrProIleAlaAlaAlaGlyGlnLeuAspLeuSerGlyTrpPheThrAlaGlyTyr
CTCACTCCAATAGCGGCCGCTGGCCAGCTGGACTTGTCCGGCTGGTTCACGGCTGGCTAC
GAGTGAGGTTATCGCCGGCGACCGGTCGACCTGAACAGGCCGACCAAGTGCCGACCGATG

SerGlyGlyAspIleTyrHisSerValSerHisAlaArgProArgTrpIlleTrpPheCys

AGCGGGGGAGACATTTATCACAGCGTGTCTCATGCCCGGCCCCGCTGGATCTGGTTITTGC
TCGCCCCCTCTGTAAATAGTGTCGCACAGAGTACGGGCCGGGGCGACCTAGACCAAAACG

CcC
GG

FIG.16
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CACTCCACCATGAATCACTCCC CTGTGAGGAACTACTGTCTTCACGCAGAAAGCGTCTAG
GTGAGGTGGTACTTAGIGAGG GACACTCCTTGATGACAGAAGTGCGTCTTTCGCAGATC

CCATGGCGTTAGTATGAGTGTCGTGCAGCCTCCAGGACCCCCCCTCCCGGGAGAGCCATA
GGTACCGCAATCATACTCACAGCACGTCGGAGGTCCIGGGGGGGAGGGCCCTCTCGGTAT

GTGGTCTGCGGAACCGGTGAGTACACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGA
CACCAGACGCCTTGGCCACTCATGTGGCCTTAACGGTCCTGCTGGCCCAGGAAAGAACCT

TCAACCCGCTCAATGCCTGGAGATTTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGT
AGTTGGGCGAGTTACGGACCTCTAAACCCGCACGGGGGCGTTCTGACGATCGGCTCATCA

GTTGGGTCGCGAAAGGCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAG
CAACCCAGCGCTTTCCGGAACACCATGACGGACTATCCCACGAACGCTCACGGGGCCCTC

GTCTCGTAGACCGTGCACC
CAGAGCATCTGGCACGTGG
Arg Thr

MetSerThrAsnProLysProGlnLysLysAsnLysArgAsnThrAsnArgArgProGln
ATGAGCACGAATCCTAAACCTCAAAAAAAAAACAAACGTAACACCAACCGTCGCCCACAG:
TACTCGTGCTTAGGATTTGGAGTTTTTTTTTITGTTITGCATTGTGGTTGGCAGCGGGTGTC

AspValLysPheProGlyGlyGlyGlnIleValGlyGlyValTyrLeuLeuProArgArg
GACGTCAAGTTCCCGGGTGGCGGTCAGATCGTTGGTGGAGTTTACTTGTTGCCGCGCAGG
CTGCAGTTCAAGGGCCCACCGCCAGTCTAGCAACCACCTCAAATGAACAACGGCGCGTCC

GlyProArgLeuGlyValArgAlaThrArgLysThrSerGluArgSerGlnProArgGly
GGCCCTAGATTGGGTGTGCGCGCGACGAGAAAGACTTCCGAGCGGTCGCAACCTCGAGGT
CCGGGATCTAACCCACACGCGCGCTGCTCTTICTGAAGGCTCGCCAGCGTTGGAGCTCCA

ArgArgGlnProIlleProLysAlaArgArgProGluGlyArgThrTrpAlaGlnProGly

AGACGTCAGCCTATCCCCAAGGCTCGTCGGCCCGAGGGCAGGACCTGGGCTCAGCCCGGG

TCTGCAGTCGGATAGGGGTTCCGAGCAGCCGGGCTCCCGTCCTGGACCCGAGTCGGGCCC

TyrProTrpProLeuTyrGlyAsnGluGlyCysGlyTrpAlaGlyTrpLeuleuSerPro
TACCCTTGGCCCCTCTATGGCAATGAGGGCTGCGGGTGGGCGGGATGGCTCCTGTCTCCC
ATGGGAACCGGGGAGATACCGTTACTCCCGACGCCCACCCGCCCTACCGAGGACAGAGGG

ArgGlySerArgProSerTrpGlyProThrAspProArgArgArgSerArgAsnleuGly
CGTGGCTCTCGGCCTAGCTGGGGCCCCACAGACCCCCGGCGTAGGTCGCGCAATTTIGGGT
GCACCGAGAGCCGGATCGACCCCGGGGTGTCTGGGGGCCGCATCCAGCGCGTTAAACCCA

LysValIleAspThrLeuThrCysGlyPheAlaAspLeuMetGlyTyrIleProleuval
AAGGTCATCGATACCCTTACGTGCGGCTTCGCCGACCTCATGGGGTACATACCGCTCGTC
TTCCAGTAGCTATGGGAATGCACGCCGAAGCGGCTGGAGTACCCCATGTATGGCGAGCAG

GlyAlaProlLeuGlyGlyAlaAlaArgAlaleuAlaHisGlyValArgvValleuGluAsp

GGCGCCCCTCTTGGAGGCGCTGCCAGGGCCCTGGCGCATGGCGTCCGGGTTCTGGAAGAC

CCGCGGGGAGAACCTCCGCGACGGTCCCGGGACCGCGTACCGCAGGCCCAAGACCTTCTG

Thr
GlyValAsnTyrAlaThrGlyAsnLeuProGlyCysSerPheSerIlePheLeuleuAla

GGCGTGAACTATGCAACAGGGAACCTTCCTGGTTGCTCTTTCTCTATCTTCCTTCTGGCC
CCGCACTTGATACGTTGTCCCTTGGAAGGACCAACGAGAAAGAGATAGAAGGAAGACCGG

LeuLeuSerCysLeuThrValProAlaSerAlaTyrGlnValArgAsnSerThrGlyLeu
CTGCTCTCTTGCTTGACTGTGCCCGCTTCGGCCTACCAAGTGCGCAACTCCACGGGGCTT
GACGAGAGAACGAACTGACACGGGCGAAGCCGGATGGTTCACGCGTTGAGGTGCCCCGAA
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FIG. 18-2

TyrHisValThrAsnAsprsProAsnSerSerIleValTyrGluAlaAlaAs AlaIll
TACCACGTCACCAATGATTGCCCTAACTCGAGTATTGTGTACGAGGCGGCCGA%GCCATS
ATGGTGCAGTGGTTACTAACGGGATTGAGCTCATAACACATGCTCCGCCGGCTACGGTAG

LeuHisThrProGlyCysValProCysValArgGluGlyAsnAlaSerArgCysTrpVal

CTGCACACTCCGGGGTGCGTCCCTTGCGTTCGTGAGGGCAACGCCTCGAGGTGTTGGGTG
GACGTGTGAGGCCCCACGCAGGGAACGCAAGCACTCCCGTTGCGGAGCTCCACAACCCAC

AlaMetThrProThrValAlaThrArgAspGlyLysLeuProAlaThrGlnLeuArgArg
GCGATGACCCCTACGGTGGCCACCAGGGATGGCAAACTCCCCGCGACGCAGCTTCGACGT
CGCTACTGGGGATGCCACCGGTGGTCCCTACCGTTTGAGGGGCGCTGCGTCGAAGCTGCA

HiéIleAspLeuLeuvalGlyserAlaThrLeuCysSerAlaLeuTeralGlyAspLeu
CACATCGATCTGCTTGTCGGGAGCGCCACCCTCTGTTCGGCCCTCTACGTGGGGGACCTA
GTGTAGCTAGACGAACAGCCCTCGCGGTGGGAGACAAGCCGGGAGATGCACCCCCTGGAT

CysGlySerValPheleuValGlyGlnLeuPheThrPheSerProArgArgHisTrpThr
TGCGGGTCTGTCTTTCTITGTCGGCCAACTGTTCACCTTCTCTCCCAGGCGCCACTGGACG
ACGCCCAGACAGAAAGAACAGCCGGTTGACAAGTGGAAGAGAGGGTCCGCGGTGACCTGC

ThrGlnGlyCysAsnCysSerIleTyrProGlyHisIleThrGlyHisArgMetAlaTrp
ACGCAAGGTTGCAATTGCTCTATCTATCCCGGCCATATAACGGGTCACCGCATGGCATGG
TGCGTTCCAACGTTAACGAGATAGATAGGGCCGGTATATTGCCCAGTGGCGTACCGTACC

val
AspMetMetMetAsnTrpSerProThrThrAlaleuValMetAlaGlnLeuLeuArgIle
GATATGATGATGAACTGGTCCCCTACGACGGCGTTGGTAATGGCTCAGCTGCTCCGGATC
CTATACTACTACTTGACCAGGGGATGCTGCCGCAACCATTACCGAGTCGACGAGGCCTAG

ProGlnAlaIleLeuAspMetIleAlaGlyAlaHisTrpGlyVallLeuAlaGlyIleala
CCACAAGCCATCTTGGACATGATCGCTGGTGCTCACTGGGGAGTCCTGGCGGGCATAGCG
GGTGTTCGGTAGAACCTGTACTAGCGACCACGAGTGACCCCTCAGGACCGCCCGTATCGC

TyrPheSerMetValGlyAsnTrpAlaLysValLeuValValLeuLeuLeuPheAlaGly
TATTTCTCCATGGTGGGGAACTGGGCGAAGGTCCTGGTAGTGCTGCTGCTATTTGCCGGC
ATAAAGAGGTACCACCCCTTGACCCGCTTCCAGGACCATCACGACGACGATAAACGGCCG

ValAspAlaGluThrHisValThrGlyGlySerAlaGlyHisThrValSerGlyPheVal
GTCGACGCGGAAACCCACGTCACCGGGGGAAGTGCCGGCCACACTGTGTCTGGATTTGTT
CAGCTGCGCCTTTGGGTGCAGTGGCCCCCTTCACGGCCGGTGTGACACAGACCTAAACAA

SerLeuLeuAlaProGlyAlaLysGlnAsnValGlnLeuIleAsnThrAsnGlySerTrp
AGCCTCCTCGCACCAGGCGCCAAGCAGAACGTCCAGCTGATCAACACCAACGGCAGTTGG
TCGGAGGAGCGTGGTCCGCGGTTCGTCTTGCAGGTCGACTAGTTGTGGTTGCCGTCAACC

HisLeuAsnSerThrAlaleuAsnCysAsnAspSerlLeuAsnThrGlyTrpLeuAlaGly
CACCTCAATAGCACGGCCCTGAACTGCAATGATAGCCTCAACACCGGCTGGTTGGCAGGG
GTGGAGTTATCGTGCCGGGACTTGACGTTACTATCGGAGTTGTGGCCGACCAACCGTCCC

LeuPheTyrHisHisLysPheAsnSerSerGlyCysProGluArgLeudlaSerCysArg
CTTTTCTATCACCACAAGTTCAACTCTTCAGGCTGTCCTGAGAGGCTAGCCAGCTGCCGA
GAAAAGATAGTGGTGTTCAAGTTGAGAAGTCCGACAGGACTCTCCGATCGGTCGACGGCT

ProLeuThrAspPheAspGlnGlyTrpGlyProIleSerTyrAlaAsnGlySerGlyPro
CCCCTTACCGATTTTGACCAGGGCTGGGGCCCTATCAGTTATGCCAACGGAAGCGGCCCC
GGGGAATGGCTAAAACTGGTCCCGACCCCGGGATAGTCAATACGGTTGCCTTCGCCGGGG

AspGlnArgProTyrCysTrpHisTyrProProLysProCysGlyIleValProAlaLys
GACCAGCGCCCCTACTGCTGGCACTACCCCCCAAAACCTTGCGGTATTGTGCCCGCGAAG
CTGGTCGCGGGGATGACGACCGTGATGGGGGGTTTTGGAACGCCATAACACGGGCGCTTC
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FIG. 18-3

SerValesGlyProValTerysPheThrProSerProvalvalValGlyThrThrAsp
AGIGTGTGTGGTCCGGTATATTGCTTCACTCCCAGCCCCGTGGTGGTGGGAACGACCGAC
TCACACACACCAGGCCATATAACGAAGTGAGGGTCGGGGCACCACCACCCTIGCTGGCTG

ArgSerGlyAlaProThrTyrSerTrpGlyGluAsnAspThrAspValPheValleuAsp
AGGTCGGGCGCGCCCACCTACAGCTGGGGTGAAAATGATACGGACGTCTTCGTCCTTAAC
TCCAGCCCGCGCGGGTGGATGTCGACCCCACTTTTACTATGCCTGCAGAAGCAGGAATTG

AsnThrArgProProLeuGlyAsnTrpPheGlyCysThrTrpMetAsnSerThrGlyPhe

AATACCAGGCCACCGCTGGGCAATTGGTTCGGTTGTACCTGGATGAACTCAACTGGATTC
TTATGGTCCGGTGGCGACCCGTTAACCAAGCCAACATGGACCTACTTGAGTTGACCTAAG

ThrLysValCysGlyAlaProProCysValIleGlyGlyAlaGlyAsnAsnThrLeuHis
ACCAAAGTGTGCGGAGCGCCTCCTTGTGTCATCGGAGGGGCGGGCAACAACACCCTGCAC
TGGTTTCACACGCCTCGCGGAGGAACACAGTAGCCTCCCCGCCCGTTGTTGTGGGACGTG

CysProThrAspCysPheArgLysHisProAspAlaThrTyrSerArgCysGlySerGly
TGCCCCACTGATTGCTTCCGCAAGCATCCGGACGCCACATACTCTCGGTGCGGCTCCGGT
ACGGGGTGACTAACGAAGGCGTTCGTAGGCCTGCGGTGTATGAGAGCCACGCCGAGGCCA

Ile
ProTrpLeuThrProArgCysLeuValAspTyrProTyrArgLeuTrpHisTyrProCys
CCCTGGATCACACCCAGGTGCCTGGTCGACTACCCGTATAGGCTTTGGCATTATCCTTGT
GGGACCTAGTGTGGGTCCACGGACCAGCTGATGGGCATATCCGAAACCGTAATAGGAAC)

ThrileAsnTyrThrIlePheLysIleArgMetTyrValGlyGlyValGluHisArgLey
ACCATCAACTACACCATATTTAAAATCAGGATGTACGTGGGAGGGGTCGAACACAGGCTG
TGGTAGTTGATGTGGTATAAATTTTAGTCCTACATGCACCCTCCCCAGCTTGTGTCCGAL

GluAlaAlaCysAsnTrpThrArgGlyGluArgCysAspLeuGluAspArgAspArgSer
GAAGCTGCCTGCAACTGGACGCGGGGCGAACGTTGCGATCTGGAAGACAGGGACAGGTCE
CTTCGACGGACGTTGACCTGCGCCCCGCTTGCAACGCTAGACCTTCTGTCCCTGTCCAGS

GluLeuSerProLeuleuLeuThrThrThrGlnTrpGlnValLeuProCysSerPheThr
GAGCTCAGCCCGTTACTGCTGACCACTACACAGTGGCAGGTCCTCCCGTGTTCCTTCACA
CTCGAGTCGGGCAATGACGACTGGTGATGTGTCACCGTCCAGGAGGGCACAAGGAAGTGT

ThrLeuProAlaLeuSerThrGlyLeuIleHisLeuHisGlnAsnIleValAspValGlny
ACCCTACCAGCCTTGTCCACCGGCCTCATCCACCTCCACCAGAACATTGTGGACGTGC2,
TGGGATGGTCGGAACAGGTGGCCGGAGTAGGTGGAGGTGGTCTTGTAACACCTGCACGTC

TyrLeuTyrGlyValGlySerSerIleAlaSerTrpAlalIleLysTrpGluTyrValval
TACTTGTACGGGGTGGGGTCAAGCATCGCGTCCTGGGCCATTAAGTGGGAGTACGTCGTT
ATGAACATGCCCCACCCCAGTTCGTAGCGCAGGACCCGGTAATTCACCCTCATGCAGC2A

LeuLeuPheleuLeuLeuAlaAspAlaArgValCysSerCysLeuTrpMetMetleuley
CTCCTGTTCCTTCTGCTTGCAGACGCGCGCGTCTGCTCCTGCTTGTGGATGATGCTACTC
GAGGACAAGGAAGACGAACGTCTGCGCGCGCAGACGAGGACGAACACCTACTACGATGLS

IleSerGlnAlaGluAlaAlaLeuGluAsnLeuValIleLeuAsnAlaAlaSerLeuAla
ATATCCCAAGCGGAGGCGGCTTTGGAGAACCTCGTAATACTTAATGCAGCATCCCTIGGCE
TATAGGGTTCGCCTCCGCCGAAACCTCTTGGAGCATTATGAATTACGTCGTAGGGACCS;

GlyThrHisclyLeuValSerPheLeuValPhePheCysPheAlaTrpTereuLysG1y
GGGACGCACGGTCTTGTATCCTTCCTCGTGTTCTTCTGCTTTGCATGGTATTTGAAGGGT

- CCCTGCGTGCCAGAACATAGGAAGGAGCACAAGAAGACGAAACGTACCATAAACTTCCCA

LysTrpValProGlyAlavValTyrThrPheTyrGlyMetTrpProleuleuleuleuley
AAGTGGGTGCCCGGAGCGGTCTACACCTTCTACGGGATGTGGCCTCTCCTCCTGCTCCTS
TTCACCCACGGGCCTCGCCAGATGTGGAAGATGCCCTACACCGGAGAGGAGGACGAGGA,
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FIG. 18-4

LeuAlaLeuProGlnArgAlaTyrAlaLeuAspThrGluValAlaAlaSerCysGlyGly
TTGGCGTTGCCCCAGCGGGCGTACGCGCTGGACACGGAGGTGGCCGCGTCGTGTGGCGGT
AACCGCAACGGGGTCGCCCGCATGCGCGACCTGTGCCTCCACCGGCGCAGCACACCGCCA

ValvalleuvValGlyLeuMetAlalLeuThrLeuSerProTyrTyrLysArgTyrIleSer
GTTGTTCTCGTCGGGTTGATGGCGCTGACTCIGTCACCATATTACAAGCGCTATATCAGC
CAACAAGAGCAGCCCAACTACCGCGACTGAGACAGTGGTATAATGTTCGCGATATAGTCG

(Asn)
TrpCysLeuTrpTrpLleuGlnTyrPheleuThrArgvalGluAlaGlnLeuHisValTrp
TGGTGCTTGTGGTGGCTTCAGTATTTTCTGACCAGAGTGGAAGCGCAACTGCACGTGTGG
ACCACGAACACCACCGAAGTCATAAAAGACTGGTCTCACCTTCGCGTTGACGTGCACACC

IleProProleuAsnValArgGlyGlyArgAspAlavallleleuLeuMetCysAlaval

ATTCCCCCCCTCAACGTCCGAGGGGGGCGCGACGCCGTCATCTTACTCATGTGTGCTGTA
TAAGGGGGGGAGTTGCAGGCTCCCCCCGCGCTGCGGCAGTAGAATGAGTACACACGACAT

HisProThrLeuValPheAspIleThrLysLeuLeulLeuAlavalPheGlyProLeuTrp
CACCCGACTCTGGTATTTGACATCACCAAATTGCTGCTGGCCGTCTTCGGACCCCTTTGG
GTGGGCTGAGACCATAAACTGTAGTGGTTTAACGACGACCGGCAGAAGCCTGGGGAAACC

IleLeuGlnAlaSerLeuleulysValProTyrPheValArgvValGlnGlyLeuLeuArg
ATTCTTCAAGCCAGTTTGCTTAAAGTACCCTACTTTGTGCGCGTCCAAGGCCTTCTCCGG
TAAGAAGTTCGGTCAAACGAATTTCATGGGATGAAACACGCGCAGGTTCCGGAAGAGGCC

PheCysAlaLeuAlaArgLysMetIleGlyGlyHisTeralGlnMetValIleIleLys
TTCTGCGCGTTAGCGCGGAAGATGATCGGAGGCCATTACGTGCAAATGGTCATCATTAAG
AAGACGCGCAATCGCGCCTTCTACTAGCCTCCGGTAATGCACGTTTACCAGTAGTAATTC

LeuGlyAlaLeuThrGlyThrTyrValTyrAsnHisLeuThrProLeuArgAspTrpAla
TTAGGGGCGCTTACTGGCACCTATGTTTATAACCATCTCACTCCTCTTCGGGACTGGGCG
AATCCCCGCGAATGACCGTGGATACAAATATTGGTAGAGTGAGGAGAAGCCCTGACCCGC

HisAsnGlyLeuArgAspLeuAlavValAlaValGluProvalvValPheSerGlnMetGlu
CACAACGGCTTGCGAGATCTGGCCGTGGCTGTAGAGCCAGTCGTCTTCTCCCAAATGGAG
GTGTTGCCGAACGCTCTAGACCGGCACCGACATCTCGGTCAGCAGAAGAGGGTTTACCTC

ThrLysLeuIleThrTrpGlyAlaAspThralaAlaCysGlyAspIllelleAsnGlyLeu
ACCAAGCTCATCACGTGGGGGGCAGATACCGCCGCGTGCGGTGACATCATCAACGGCTTG
TGGTTCGAGTAGTGCACCCCCCGTCTATGGCGGCGCACGCCACTGTAGTAGTTGCCGAAC

ProvalSerAlaArgArgGlyArgGluIleLeuLeuGlyProAlaAspGlyMetValSer
CCTGTTTCCGCCCGCAGGGGCCGGGAGATACTGCTCGGGCCAGCCGATGGAATGGTCTCC
GGACAAAGGCGGGCGTCCCCGGCCCTCTATGACGAGCCCGGTCGGCTACCTTACCAGAGG

LysGlyTrpArgLeuleuAlaProlleThrAalaTyrAlaGlnGlnThrArgGlyLeuLeu
AAGGGGTGGAGGTTGCTGGCGCCCATCACGGCGTACGCCCAGCAGACAAGGGGCCTCCTA
TTCCCCACCTCCAACGACCGCGGGTAGTGCCGCATGCGGGTCGTCTGTTCCCCGGAGGAT

GlyCysIleIleThrSerLeuThrGlyArgAspLysAsnGanalGluGlyGluvalGlh _
GGGTGCATAATCACCAGCCTAACTGGCCGGGACAAAAACCAAGTGGAGGGTGAGGTCCAG
CCCACGTATTAGTGGTCGGATTGACCGGCCCTGTTTTTGGTTCACCTCCCACTCCAGGTC

IlevalSerThrAlaAlaGlnThrPheLeuAlaThrCysIleAsnGlyValCysTrpThr
ATTGTGTCAACTGCTGCCCAAACCTTCCTGGCAACGTGCATCAATGGGGTGTGCTGGACT
TAACACAGTTGACGACGGGTTTGGAAGGACCGTTGCACGTAGTTACCCCACACGACCTGA

ValTyrHisGlyAlaGlyThrArgThrIleAlaSerProLysGlyProvallleGlnMet
GTCTACCACGGGGCCGGAACGAGGACCATCGCGTCACCCAAGGGTCCTGTCATCCAGATG -
CAGATGGTGCCCCGGCCTTGCTCCTGGTAGCGCAGTGGGTTCCCAGGACAGTAGGTCTAC
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FIG. 18-5 cer ne

TerhrAsnValAspGlnAspLeuValGlyTerroAlaProGlnGlySerArgSerLeu
TATACCAATGTAGACCAAGACCTTGTGGGCTGGCCCGCTCCGCAAGGTAGCCGCTCATTG
ATATGGTTACATCTGGTTCTGGAACACCCGACCGGGCGAGGCGTTCCATCGGCGAGTAAC

ThrProCysThrCysGlySerSerAspLeuTereuValThrArgHisAlaAspValIle
ACACCCTGCACTTGCGGCTCCTCGGACCTTTACCTGGTCACGAGGCACGCCGATGTCATT
TGTGGGACGTGAACGCCGAGGAGCCTGGAAATGGACCAGTGCTCCGTGCGGCTACAGTAA

ProvalArgArgArgGlyAspSerArgGlySerLeuLeuSerProArgProIleSerTyr_
CCCGTGCGCCGGCGGGGTGATAGCAGGGGCAGCCTGCTGTCGCCCCGGCCCATTTCCTAC
GGGCACGCGGCCGCCCCACTATCGTCCCCGTCGGACGACAGCGGGGCCGGGTAAAGGATG

LeuLysGlySerSerGlyGlyProLeuLeuCysProAlaGlyHisAlaValGlyIlePhe
TTGAAAGGCTCCTCGGGGGGTCCGCTGTTGTGCCCCGCGGGGCACGCCGTGGGCATATTT
AACTTTCCGAGGAGCCCCCCAGGCGACAACACGGGGCGCCCCGTGCGGCACCCGTATAAA

ArgAlaAlavalCysThrArgGlyValAlaLysAlavValAspPheIleProvValGluAsn
AGGGCCGCGGTGTGCACCCGTGGAGTGGCTAAGGCGGTGGACTTTATCCCTGTGGAGAAC

TCCCGGCGCCACACGTGGGCACCTCACCGATTCCGCCACCTGAAATAGGGACACCTCTTG
LeuGluThrThrMetArgSerProvalPheThrAspaAsnSerSerProProvalValPro
CTAGAGACAACCATGAGGTCCCCGGTGTTCACGGATAACTCCTCTCCACCAGTAGTGCCC
GATCTCTGTTGGTACTCCAGGGGCCACAAGTGCCTATTGAGGAGAGGTGGTCATCACGGG

GlnSerPheGlnvalAlaHisLeuHisAlaProThrGlySerGlyLysSerThrLysVal

'CAGAGCTTCCAGGTGGCTCACCTCCATGCTCCCACAGGCAGCGGCAAAAGCACCAAGGTC

GTCTCGAAGGTCCACCGAGTIGGAGGTACGAGGGTGTCCGTCGCCGTTTTCGTGGTTCCAG

ProAlaAlaTyrAlaAlaGlnGlyTyrLysValleuValLeuAsnProServValAlaAla
CCGGCTGCATATGCAGCTCAGGGCTATAAGGTGCTAGTACTCAACCCCTCTGTTGCTGCA
GGCCGACGTATACGTCGAGTCCCGATATTCCACGATCATGAGTTGGGGAGACAACGACGT

Leu
ThrLeuGlyPheGlyAlaTeretSerLysAlaHisGlyIleAspProAsnIleArgThr
ACACTGGGCTTTGGTGCTTACATGTCCAAGGCTCATGGGATCGATCCTAACATCAGGACC
TGTGACCCGAAACCACGAATGTACAGGTTCCGAGTACCCTAGCTAGGATTGTAGTCCTGGE

GlyValArgThrIleThrThrGlySerProIleThrTyrSerThrTyrGlyLysPheLeu
GGGGTGAGAACAATTACCACTGGCAGCCCCATCACGTACTCCACCTACGGCAAGTTCCTT
CCCCACTCTTIGTTAATGGTGACCGTCGGGGTAGTGCATGAGGTGGATGCCGTTCAAGGAA

AlaAspGlyGlyCysSerGlyGlyAlaTyrAsleeIleIleCysAspGluCysHisSer
GCCGACGGCGGGTGCTCGGGGGGCGCTTATGACATAATAATTTGTGACGAGTGCCACTCC.
CGGCTGCCGCCCACGAGCCCCCCGCGAATACTGTATTATTAAACACTGCTCACGGTGAGG

(val)
ThrAspAlaThrSerIleLeuGlyIleGlyThrValLeuAspGlnAlaGluThrAlaGly
ACGGATGCCACATCCATCTTGGGCATCGGCACTGTCCTTGACCAACCAGAGACTGCGGGS
TGCCTACGGTGTAGGTAGAACCCGTAGCCGTGACAGGAACTGGTTCGTCTCTGACGCCCC

AlaArgLeuValValleuAlaThrAlaThrProProGlyServValThrValProHisPro
GCGAGACTGGTTGTGCTCGCCACCGCCACCCCTCCGGGCTCCGTCACTGTGCCCCATCCC
CGCTCTGACCAACACGAGCGGTGGCGGTGGGGAGGCCCGAGGCACTGACACGGGGTAGGS

AsnIleGluGluValAlaLeuserThrThrGlyGluIleProPheTyrGIyLysAlaIle
AACATCGAGGAGGTTGCTCTGTCCACCACCGGAGAGATCCCTTTTTACGGCAAGGCTATC
TTGTAGCTCCTCCAACGAGACAGGTGGTGGCCTCTCTAGGGAAAAATGCCGTTCCGATAG

ProLeuGluValIleLysGlyGlyArgHisLeuIlePheCysHisSerLysLysLysCys
CCCCTCGAAGTAATCAAGGGGGGGAGACATCTCATCTTCTGTCATTCAAAGAAGAAGTGC
GGGGAGCTTCATTAGTTCCCCCCCTCTGTAGAGTAGAAGACAGTAAGTTTCTTCTTCACG
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FIG. 18-6

AspGluleuAlaAlalysLeuValAlaleuGlyIleAsnAlavValAlaTyrTyrArgGly
GACGAACTCGCCGCAAAGCTGGTCGCATTGGGCATCAATGCCGTGGCCTACTACCGCGGT
CTGCTTGAGCGGCGTTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGCCA

LeuAspValSerValIleProThrSerGlyAspValValvalvalAlaThrAspAlaleu
CTTGACGTGTCCGTCATCCCGACCAGCGGCGATGTTGTCGTCGTGGCAACCGATGCCCTC
GAACTGCACAGGCAGTAGGGCTGGTCGCCGCTACAACAGCAGCACCGTTGGCTACGGGAG

Tyr
MetThrGlyTyrThrGlyAspPheAspSerValIlleAspCysAsnThrCysValThrGln
ATGACCGGCTATACCGGCGACTTCGACTCGGTGATAGACTGCAATACGTGTGTCACCCAG
TACTGGCCGATATGGCCGCTGAAGCTGAGCCACTATCTGACGTTATGCACACAGTGGGTC

(Ser)
ThrvalAspPheSerlLeuAspProThrPheThrIleGluThrIleThrLeuProGlnAsp
ACAGTCGATTTCAGCCTTGACCCTACCTTCACCATTGAGACAATCACGCTCCCCCAGGAT
TGTCAGCTAAAGTCGGAACTGGGATGGAAGTGGTAACTCTGTTAGTGCGAGGGGGTCCTA

AlaValSerArgThrGlnArgArgGlyArgThrGlyArgGlyLysProGlyIleTyrarg
GCTGTCTCCCGCACTCAACGTCGGGGCAGGACTGGCAGGGGGAAGCCAGGCATCTACAGA
CGACAGAGGGCGTGAGTTGCAGCCCCGTCCTGACCGTCCCCCTTCGGTCCGTAGATGTCT

PheValAlaProGlyGluArgProSerGlyMetPheAspSerSerValLeuCysGluCys
TTTGTGGCACCGGGGGAGCGCCCCTCCGGCATGTTCGACTCGTCCGTCCTCTGTGAGTGC
AAACACCGTGGCCCCCTCGCGGGGAGGCCGTACAAGCTGAGCAGGCAGGAGACACTCACG

TyrAspAlaGlyCysAlaTrpTyrGluLeuThrProAlaGluThrThrValArgLeuArg
TATGACGCAGGCTGTGCTTGGTATGAGCTCACGCCCGCCGAGACTACAGTTAGGCTACGA |
ATACTGCGTCCGACACGAACCATACTCGAGTGCGGGCGGCTCTGATGTCAATCCGATGCT

AlaTyrMetAsnThrProGlyLeuProvalCysGlnAspHisLeuGluPheTrpGluGly
GCGTACATGAACACCCCGGGGCTTCCCGTGTGCCAGGACCATCTTGAATTTTGGGAGGGC
CGCATGTACTTGTGGGGCCCCGAAGGGCACACGGTCCTGGTAGAACTTAAAACCCTCCCG

ValPheThrGlyLeuThrHisIleAspAlaHisPhelLeuSerGlnThrLysGlnSerGly
GTCTTTACAGGCCTCACTCATATAGATGCCCACTTTCTATCCCAGACAAAGCAGAGTGGG
CAGAAATGTCCGGAGTGAGTATATCTACGGGTGAAAGATAGGGTCTGTTTCGTCTCACCC

GluAsnlLeuProTyrleuValAlaTyrGlnAlaThrvValCysAlaArgAlaGlnAlaPro
GAGAACCTTCCTTACCTGGTAGCGTACCAAGCCACCGTGTGCGCTAGGGCTCAAGCCCCT
CTCTTGGAAGGAATGGACCATCGCATGGTTCGGTGGCACACGCGATCCCGAGTTCGGGGA

ProProSerTrpAspGlnMetTrpLysCysLeulleArgLeuLysProThrLeuHisGly

CCCCCATCGTGGGACCAGATGTGGAAGTGTTTGATTCGCCTCAAGCCCACCCTCCATGGG

GGGGGTAGCACCCTGGTCTACACCTTCACAAACTAAGCGGAGTTCGGGTGGGAGGTACCC

ProThrProLeuleuTyrArgLeuGlyAlavValGlnAsnGluIleThrLeuThrHisPro
CCAACACCCCTGCTATACAGACTGGGCGCTGTTCAGAATGAAATCACCCTGACGCACCCA
GGTTGTGGGGACGATATGTCTGACCCGCGACAAGTCTTACTTTAGTGGGACTGCGTGGGT

ValThrLysTyrIleMetThrCysMetSerAlaAspleuGluvalvalThrSerThrTrp
GTCACCAAATACATCATGACATGCATGTCGGCCGACCTGGAGGTCGTCACGAGCACCTGG
CAGTGGTTTATGTAGTACTGTACGTACAGCCGGCTGGACCTCCAGCAGTGCTCGTGGACC

ValLeuValGlyGlyValleuAlaAlaleuAlaAlaTyrCysLeuSerThrGlyCysval
GIGCTCGTTGGCGGCGTCCTGGCTGCTTTGGCCGCGTATTGCCTGTCAACAGGCTGCGTG
CACGAGCAACCGCCGCAGGACCGACGAAACCGGCGCATAACGGACAGTTGTCCGACGCAC

ValllevalGlyArgValValLeuSerGlyLysProAlaIleIleProAspArgGluval
GTCATAGTGGGCAGGGTCGTCTTGTCCGGGAAGCCGGCAATCATACCTGACAGGGAAGTC
CAGTATCACCCGTCCCAGCAGAACAGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAG
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FIG. 18-7

LeuTyrArgGluPheAspGluMetGluGluCysSerGlnHisLeuProTyrIleGluGln‘
CTCTACCGAGAGTTCGATGAGATGGAAGAGTGCTCTCAGCACTTACCGTACATCGAGCAA
GAGATGGCTCTCAAGCTACTCTACCTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTT

GlyMetMetLeuAlaGluGlnPheLysGlnLysAlaLeuGlyteuLeuGlnThrAlaSer
GGGATGATGCTCGCCGAGCAGTTCAAGCAGAAGGCCCTCGGCCTCCTGCAGACCGCGTCC
CCCTACTACGAGCGGCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGGACGTCTGGCGCAGG

ArgGlnAlaGluValIleAlaProAlavalGlnThrAsnTrpGlnLysLeuGluThrPhe
CGTCAGGCAGAGGTTATCGCCCCTGCTGTCCAGACCAACTGGCAAAAACTCGAGACCTTC
GCAGTCCGTCTCCAATAGCGGGGACGACAGGTCTGGTTGACCGTTTTIGAGCTCTGGAAG

TrpAlaLysHisMetTrpAsnPheIleSerGinleG1nTereuA1aGlyLeuSerThr
TGGGCGAAGCATATGTGGAACTTCATCAGTGGGATACAATACTTGGCGGGCTTGTCAACG

‘ACCCGCTTCGTATACACCTTGAAGTAGTCACCCTATGTTATGAACCGCCCGAACAGTTGC

LeuProGlyAsnProAlalleAlaSerlLeuMetAlaPheThrAlaAlavalThrSerPro
CTGCCTGGTAACCCCGCCATTGCTTCATTGATGGCTTTTACAGCTGCTGTCACCAGCCCA
GACGGACCATTGGGGCGGTAACGAAGTAACTACCGAAAATGTCGACGACAGTGGTCGGGT

LeuThrThrSerGlnThrLeulLeuPheAsnIleLeuGlyGlyTrpvalAlaAlaGlnleu
CTAACCACTAGCCAAACCCTCCTCTTCAACATATTGGGGGGGTGGGTGGCTGCCCAGCTC
GATTGGTGATCGGTTTGGGAGGAGAAGTTGTATAACCCCCCCACCCACCGACGGGTCGAG

AlaAlaProGlyAlaAlaThrAlaPheValGlyAlaGlyLeuAlaGlyAlaAlaIleGly
GCCGCCCCCGGTGCCGCTACTGCCTTTGTGGGCGCTGGCTTAGCTGGCGCCGCCATCGGC

CGGCGGGGGCCACGGCGATGACGGAAACACCCGCGACCGAATCGACCGCGGCGGTAGCCG

SerValGlyleuGlyLysVallLeulleAspIleLeuAlaGlyTyrGlyAlaGlyvalAla
AGTGTTGGACTGGGGAAGGTCCTCATAGACATCCTTGCAGGGTATGGCGCGGGCGTGGCG
TCACAACCTGACCCCTTCCAGGAGTATCTGTAGGAACGTCCCATACCGCGCCCGCACCGC

(Gly)
GlyAlaLeuValAlaPheLysIleMetSerGlyGluValProSerThrGluAspLeuVval
GGAGCTCTTGTGGCATTCAAGATCATGAGCGGTGAGGTCCCCTCCACGGAGGACCTGGTC
CCTCGAGAACACCGTAAGTTCTAGTACTCGCCACTCCAGGGGAGGTGCCTCCTGGACCAG

AsnLeuLeuProAlallelLeuSerProGlyAlalLeuValValGlyValValCysAlaAla
AATCTACTGCCCGCCATCCTCTCGCCCGGAGCCCTCGTAGTCGGCGTGGTCTGTGCAGCA
TTAGATGACGGGCGGTAGGAGAGCGGGCCTCGGGAGCATCAGCCGCACCAGACACGTCGT

IleLeuArgArgHisvValGlyProGlyGluGlyAlaValGlnTrpMetAsnArgLleulle
ATACTGCGCCGGCACGTTGGCCCGGGCGAGGGGGCAGTGCAGTGGATGAACCGGCTGATA
TATGACGCGGCCGTGCAACCGGGCCCGCTCCCCCGTCACGTCACCTACTTGGCCGACTAT

AlaPheAlaSerArgGlyAsnHisValSerProThrHisTyrValProGluSerAspAla
GCCTTCGCCTCCCGGGGGAACCATGTTTCCCCCACGCACTACGTGCCGGAGAGCGATGCA
CGGAAGCGGAGGGCCCCCTTGGTACAAAGGGGGTGCGTGATGCACGGCCTCTCGCTACGT

(HisCys)
AlaAlaArgValThrAlalIleLeuSerSerLeuThrValThrGlnLeuleuArgArgLleu
GCTGCCCGCGTCACTGCCATACTCAGCAGCCTCACTGTAACCCAGCTCCTGAGGCGACTG
CGACGGGCGCAGTGACGGTATGAGTCGTCGGAGTGACATTGGGTCGAGGACTCCGCTGAC

HisGlnTrpIleSerSerGluCysThrThrProCysSerGlySerTrpLeuArgAsplle
CACCAGTGGATAAGCTCGGAGTGTACCACTCCATGCTCCGGTTCCTGGCTAAGGGACATC
GTGGTCACCTATTCGAGCCTCACATGGTGAGGTACGAGGCCAAGGACCGATTCCCTGTAG

TrpAspTrpIleCysGluValLeuSerAspPheLysThrTrpLeulysAlaLysLeuMet
TGGGACTGGATATGCGAGGTGTTGAGCGACTTTAAGACCTGGCTAAAAGCTAAGCTCATG
ACCCTGACCTATACGCTCCACAACTCGCTGAAATTCTGGACCGATTTTCGATTCGAGTAC
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ProGlnLeuProGlyIleProPheVaISerCysGInArgclyTerysGlyValTrpArg
CCACAGCTGCCTGGGATCCCCTTTIGTGTCCTGCCAGCGCGGGTATAAGGGGGTCTGGCGA
GGTGTCGACGGACCCTAGGGGAAACACAGGACGGTCGCGCCCATATTCCCCCAGACCGCT

(Val) :
GlyAspGlyIleMetHisThrArgCysHisCysGlyAlaGluIleThrGlyHisValLys
GTGGACGGCATCATGCACACTCGCTGCCACTGTGGAGCTGAGATCACTGGACATGTCAAA
CACCTGCCGTAGTACGTGTGAGCGACGGTGACACCTCGACTCTAGTGACCTGTACAGTTT

AsnGlyThrMetArgIlevValGlyProArgThrCysArgAsnMetTrpSerGlyThrPhe
AACGGGACGATGAGGATCGTCGGTCCTAGGACCTGCAGGAACATGTGGAGTGGGACCTTC
TTGCCCTGCTACTCCTAGCAGCCAGGATCCTGGACGTCCTTGTACACCTCACCCTGGAAG

ProIleAsnAlaTyrThrThrGlyProCysThrProlLeuProAlaProAsnTyrThrPhe
CCCATTAATGCCTACACCACGGGCCCCTGTACCCCCCTTCCTGCGCCGAACTACACGTTC
GGGTAATTACGGATGTGGTGCCCGGGGACATGGGGGGAAGGACGCGGCTTGATGTGCAAG

AlaLeuTrpArgValSerAlaGluGluTyrValGlulleArgGlnvValGlyAspPheHis
GCGCTATGGAGGGTGTCTGCAGAGGAATATGTGGAGATAAGGCAGGTGGGGGACTTCCAC
CGCGATACCTCCCACAGACGTCTCCTTATACACCTCTATTCCGTCCACCCCCTGAAGGTG

TyrvValThrGlyMetThrThrAspAsnLeuLysCysProCysGlnvalProSerProGlu
TACGTGACGGGTATGACTACTGACAATCTCAAATGCCCGTGCCAGGTCCCATCGCCCGAA
ATGCACTGCCCATACTGATGACTGTTAGAGTTTACGGGCACGGTCCAGGGTAGCGGGCTT

PhePheThrGluLeuAspGlyValArgLeuHisArgPheAlaProProCysLysProleu
TTTTTCACAGAATTGGACGGGGTGCGCCTACATAGGTTTGCGCCCCCCTGCAAGCCCTTG
AAAAAGTGTCTTAACCTGCCCCACGCGGATGTATCCAAACGCGGGGGGACGTTCGGGAAC

LeuArgGluGluValSerPheArgValGlyLeuHisGluTyrProvalGlySerGlnLeu

CTGCGGGAGGAGGTATCATTCAGAGTAGGACTCCACGAATACCCGGTAGGGTCGCAATTA,
GACGCCCTCCTCCATAGTAAGTCTCATCCTGAGGTGCTTATGGGCCATCCCAGCGTTAAT

ProCysGluProGluProAspvValAlavValLeuThrSerMetLeuThrAspProSerHis
CCTTGCGAGCCCGAACCGGACGTGGCCGTGTTGACGTCCATGCTCACTGATCCCTCCCAT
GGAACGCTCGGGCTTGGCCTGCACCGGCACAACTGCAGGTACGAGTGACTAGGGAGGGTA

IleThralaGluAlaAlaGlyArgArgleuAlaArgGlySerProProSerValAlaSer
ATAACAGCAGAGGCGGCCGGGCGAAGGTTGGCGAGGGGATCACCCCCCTCTGTGGCCAGC
TATTGTCGTCTCCGCCGGCCCGCTTCCAACCGCTCCCCTAGTGGGGGGAGACACCGGTCG

SerSerAlaSerGlnLeuSerAlaProSerLeulysAlaThrCysThrAlaAsnHisAsp
TCCTCGGCTAGCCAGCTATCCGCTCCATCTCTCAAGGCAACTTGCACCGCTAACCATGAC
AGGAGCCGATCGGTCGATAGGCGAGGTAGAGAGTTCCGTTGAACGTGGCGATTGGTACTG

SerProAspAlaGluleulleGluAlaAsnLeuLeuTrpArgGlnGluMetGlyGlyAsn
TCCCCTGATGCTGAGCTCATAGAGGCCAACCTCCTATGGAGGCAGGAGATGGGCGGCAAC
AGGGGACTACGACTCGAGTATCTCCGGTTGGAGGATACCTCCGTCCTCTACCCGCCGTTG

IleThrArgvValGluSerGluAsnLysValValIleLeuAspSerPheAspProLeuval
ATCACCAGGGTTGAGTCAGAAAACAAAGTGGTGATTCTGGACTCCTTCGATCCGCTTGTG
TAGTGGTCCCAACTCAGTCTTTTGTTTCACCACTAAGACCTGAGGAAGCTAGGCGAACAC

AlaGluGluAspGluArgGluIleSerValProAlaGluIleLeuArgLysSerArgArg
GCGGAGGAGGACGAGCGGGAGATCTCCGTACCCGCAGAAATCCTGCGGAAGTCTCGGAGA
CGCCTCCTCCTGCTCGCCCTCTAGAGGCATGGGCGTCTTTAGGACGCCTTCAGAGCCTCT

PheAlaGlnAlaleuProvalTrpAlaArgProAspTyrAsnProProleuvalGluThr
TTCGCCCAGGCCCTGCCCGTTTGGGCGCGGCCGGACTATAACCCCCCGCTAGTGGAGACG
AAGCGGGTCCGGGACGGGCAAACCCGCGCCGGCCTGATATTIGGGGGGCGATCACCTCTGC
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FIG. 18-9

TrpLysLysProAspTyrGluProProvalvalHisGlyCysProLeuProProProLys
TGGAAAAAGCCCGACTACGAACCACCTIGTGGTCCATGGCTGTCCGCTTCCACCTCCAAAG
ACCTTTTTCGGGCTGATGCTTGGTGGACACCAGGTACCGACAGGCGAAGGTGGAGGTTTC

SerProProValProProProArgLYsLysArgThrValValLeuThrGIuSerThrLeu
TCCCCTCCTGTGCCTCCGCCTCGGAAGAAGCGGACGGTGGTCCTCACTGAATCAACCCTA .
AGGGGAGGACACGGAGGCGGAGCCTTCTTCGCCTGCCACCAGGAGTGACTTAGTTGGGAT

(Ser)
SerThrAlaleuAlaGluLeuAlaThrArgSerPheGlySerSerSerThrSerGlyIle
TCTACTGCCTTGGCCGAGCTCGCCACCAGAAGCTTTGGCAGCTCCTCAACTTCCGGCATT
AGATGACGGAACCGGCTCGAGCGGTGGTCTTCGAAACCGTCGAGGAGTTGAAGGCCGTAA

ThrGlyAspAsnThrThrThrSerSerGluProAlaProSerGlyCysProProAspSer
ACGGGCGACAATACGACAACATCCTCTGAGCCCGCCCCTTCTGGCTGCCCCCCCGACTCC
TGCCCGCTGTTATGCTGTTGTAGGAGACTCGGGCGGGGAAGACCGACGGGGGGGCTGAGG

(PheAla)
AspAlaGluSerTyrSerSerMetProProLeuGluGlyGluProGlyAspProAspLeu
GACGCTGAGTCCTATTCCTCCATGCCCCCCCTGGAGGGGGAGCCTGGGGATCCGGATCTT
CTGCGACTCAGGATAAGGAGGTACGGGGGGGACCTCCCCCTCGGACCCCTAGGCCTAGAA

SerAspGlySerTrpSerThrValSerSerGluAlaAsnAlaGluAspValvalCysCys
AGCGACGGGTCATGGTCAACGGTCAGTAGTGAGGCCAACGCGGAGGATGTCGTGTGCTGC
TCGCTGCCCAGTACCAGTTGCCAGTCATCACTCCGGTTGCGCCTCCTACAGCACACGACG

SerMetSerTyrSerTrpThrGlyAlaLeuValThrProCysAlaAlaGluGluGlnLys
TCAATGTCTTACTCTTGGACAGGCGCACTCGTCACCCCGTGCGCCGCGGAAGAACAGAAA
AGTTACAGAATGAGAACCTGTCCGCGTGAGCAGTGGGGCACGCGGCGCCTTICTTGTCTTIT

LeuProlleAsnAlaleuSerAsnSerLeuLeuArgHisHisAsnLeuValTyrSerThr
CTGCCCATCAATGCACTAAGCAACTCGTTGCTACGTCACCACAATTTGGTGTATTCCACC
GACGGGTAGTTACGTGATTCGTTGAGCAACGATGCAGTGGTGTTAAACCACATAAGGTGG

ThrSerArgSerAlaCysGlnArgGlnLysLysValThrPheAspArgLeuGlnvalLeu

ACCTCACGCAGTGCTTGCCAAAGGCAGAAGAAAGTCACATTTGACAGACTGCAAGTTCTG
TGGAGTGCGTCACGAACGGTTTCCGTCTTCTTTCAGTGTAAACTGTCTGACGTTCAAGAC

AspSerHisTyrGlnAspValLeuLysGluva1LysAlaAlaAlaSerLysvalLysAla
GACAGCCATTACCAGGACGTACTCAAGGAGGTTAAAGCAGCGGCGTCAAAAGTGAAGGCT
CTGTCGGTAATGGTCCTGCATGAGTTCCTCCAATTTCGTCGCCGCAGTTTTCACTTCCGA

(Phe)
AsnLeuleuSerValGluGluAlaCysSerLeuThrProProHisSerAlaLysSerLys
AACTTGCTATCCGTAGAGGAAGCTTGCAGCCTGACGCCCCCACACTCAGCCARATCCAAG
TTGAACGATAGGCATCTCCTTCGAACGTCGGACTGCGGGGGTGTGAGTCGGTTTAGGTTC

PheGlyTyrGlyAlaLysAspValArgCysHisalaArgLysAlavalThrHisIleAsn
TTTGGTTATGGGGCAAAAGACGTCCGTTGCCATGCCAGAAAGGCCGTAACCCACATCAAC
AAACCAATACCCCGTTTTCTGCAGGCAACGGTACGGTCTTTCCGGCATTGGGTGTAGTTG

SerValTrpLysAspLeuleuGluAspAsnValThrProIleAspThrThrIleMetAla.
TCCGTGTGGAAAGACCTTCTGGAAGACAATGTAACACCAATAGACACTACCATCATGGCT
AGGCACACCTTTCTGGAAGACCTTCTGTTACATTGTGGTTATCTGTGATGGTAGTACCGA

LysAsnGluvValPheCysValGlnProGluLysGlyGlyArgLysProAlaArgLeulle
AAGAACGAGGTTTTCTGCGTTCAGCCTGAGAAGGGGGGTCGTAAGCCAGCTCGTCTCATC
TTCTTGCTCCAAAAGACGCAAGTCGGACTCTTCCCCCCAGCATTCGGTCGAGCAGAGTAG



7741

7801

7861

7921

7981

8041

8101

816l

8221

8281

8341

8401

8461

8521

8581

FIG. 18-10

ValPheProAspLeuGlyValArgvValCysGluLysMetAlaleuTyrAspvalValThr
GTGTTCCCCGATCTGGGCGTGCGCGTGTGCGAAAAGATGGCTTTGTACGACGTGGTTACA
CACAAGGGGCTAGACCCGCACGCGCACACGCTTTTCTACCGAAACATGCTGCACCAATGT

LysLeuProLeuAlavalMetGlySerSerTyrGlyPheGlnTyrSerProGlyGlnArg
AAGCTCCCCTTGGCCGTGATGGGAAGCTCCTACGGATTCCAATACTCACCAGGACAGCGG
TTCGAGGGGAACCGGCACTACCCTTCGAGGATGCCTAAGGTTATGAGTGGTCCTGTCGCC

ValGluPheLeuVa1GlnAlaTrpLysserLysLysThrProMetGlyPheSerTyrAsp
GITGAATTCCTCGTGCAAGCGTGGAAGTCCAAGAAAACCCCAATGGGGTTCTCGTATGAT
CAACTTAAGGAGCACGTTCGCACCTTCAGGTTCTTTTGGGGTTACCCCAAGAGCATACTA

ThrArgCysPheAspSerThrValThrGluSerAspIleArgThrGluGluAlaIleTyr
ACCCGCTGCTTTGACTCCACAGTCACTGAGAGCGACATCCGTACGGAGGAGGCAATCTAC
IGGGCGACGAAACTGAGGTGTCAGTGACTCTCGCTGTAGGCATGCCTCCTCCGTTAGATG

GlnCysCysAspLeuAspProGlnAlaArgValAlalleLysSerLeuThrGluArgLeu
CAATGTTGTGACCTCGACCCCCAAGCCCGCGTGGCCATCAAGTCCCTCACCGAGAGGCTT
GTTACAACACTGGAGCTGGGGGTTCGGGCGCACCGGTAGTTCAGGGAGTGGCTCTCCGAA

(Gly)
TyrValGlyGlyProLeuThrAsnSerArgGlyGluAsnCysGlyTyrArgArgCysArg
TATGTTGGGGGCCCTCTTACCAATTCAAGGGGGGAGAACTGCGGCTATCGCAGGTGCCGC
ATACAACCCCCGGGAGAATGGTTAAGTTCCCCCCTCTTGACGCCGATAGCGTCCACGGCG

AlaSerGlyValLeuThrThrSerCysGlyAsnThrLeuThrCysTyrlleLysAlaArg
GCGAGCGGCGTACTGACAACTAGCTGTGGTAACACCCTCACTTGCTACATCAAGGCCCGG
CGCTCGCCGCATGACTGTTGATCGACACCATTIGTGGGAGTGAACGATGTAGTTCCGGGCC

AlaAlaCysArgAlaAlaGlyLeuGlnAspCysThrMetLeuValCysGlyAspAspleu
GCAGCCTGTCGAGCCGCAGGGCTCCAGGACTGCACCATGCTCGTGTGTGGCGACGACTTA
CGTCGGACAGCTCGGCGTCCCGAGGTCCTGACGTGGTACGAGCACACACCGCTGCTGAAT

ValvalIleCysGluSerAlaGlyValGlnGluAspAlaAlaSerLeuArgAlaPheThr
GTCGTTATCTGTGAAAGCGCGGGGGTCCAGGAGGACGCGGCGAGCCTGAGAGCCTTCACG
CAGCAATAGACACTTTCGCGCCCCCAGGTCCTCCTGCGCCGCTCGGACTCTCGGAAGTGC

GluAlaMetThrArgTyrSerAlaProProGlyAspProProGlnProGluTyrAspLeu
GAGGCTATGACCAGGTACTCCGCCCCCCCTGGGGACCCCCCACAACCAGAATACGACTTG
CTCCGATACTGGTCCATGAGGCGGGGGGGACCCCTGGGGGGTGTTGGTCTTATGCTGAAC

GluLeulleThrSerCysSerSerAsnValSerValAlaHisAspGlyAlaGlyLysArg

GAGCTCATAACATCATGCTCCTCCAACGTGTCAGTCGCCCACGACGGCGCTGGAAAGAGG
CTCGAGTATTGTAGTACGAGGAGGTTGCACAGTCAGCGGGTGCTGCCGCGACCTTTCTCC

ValTyrTyrLeuThrArgAspProThrThrProLeuAlaArgAlaAlaTrpGluThrAla
GTCTACTACCTCACCCGTGACCCTACAACCCCCCTCGCGAGAGCTGCGTGGGAGACAGCA
CAGATGATGGAGTGGGCACTGGGATGTIGGGGGGAGCGCTCTCGACGCACCCTCTGTCGT

ArgHisThrProvalAsnSerTrpLeuGlyAsnIleIleMetPheAlaProThrLeuTrp
AGACACACTCCAGTCAATTCCTGGCTAGGCAACATAATCATGTTTGCCCCCACACTGTGG
TCTGTGTGAGGTCAGTTAAGGACCGATCCGTTGTATTAGTACAAACGGGGGTGTGACACC

AlaArgMetIleLeuMetThrHisPhePheServalleulleAlaArgAspGlnLeuGlu
GCGAGGATGATACTGATGACCCATTTCTTTAGCGTCCTTATAGCCAGGGACCAGCTTGAA
CGCTCCTACTATGACTACTGGGTAAAGAAATCGCAGGAATATCGGTCCCTGGTCGAACTT

GlnAlaLeuAspCysGluIleTyrGlyAlaCysTyrSerIleGluProLeuAspLeuPro
CAGGCCCTCGATTGCGAGATCTACGGGGCCTGCTACTCCATAGAACCACTTGATCTACCT
GTCCGGGAGCTAACGCTCTAGATGCCCCGGACGATGAGGTATCTTGGTGAACTAGATGGA
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ProIlelleGlnArgLeuHisGlyLeuSerAlaPheSerLeuHisSerTyrSerProGly
8641 CCAATCATTCAAAGACTCCATGGCCTCAGCGCATTTTCACTCCACAGTTACTCTCCAGGT
GGTTAGTAAGTTTCTGAGGTACCGGAGTCGCGTAAAAGTGAGGTGTCAATGAGAGGTCCA

GluIleAsnArgValAlaAlaCysLeuArgLysLeuGlyValProProLeuArgAlaTrp
8701 GAAATTAATAGGGTGGCCGCATGCCTCAGAAAACTTGGGGTACCGCCCTTGCGAGCTTGE
CTTTAATTATCCCACCGGCGTACGGAGTCTTTTGAACCCCATGGCGGGAACGCTCGAACC

Gly

ArgHisArgAlaArgSerValArgAlaArgLeuLeuAlaArgGlyGlyArgAlaAlaIle
8761 AGACACCGGGCCCGGAGCGTCCGCGCTAGGCTTCTGGCCAGAGGAGGCAGGGCTGCCATA

TCTGTGGCCCGGGCCTCGCAGGCGCGATCCGAAGACCGGTCTCCTCCGTCCCGACGGTAT

CysGlyLysTyrLeuPheAsnTrpAlavValArgThrLysLeuLysLeuThrProIleala
8821 TGTGGCAAGTACCTCTTCAACTGGGCAGTAAGAACAAAGCTCAAACTCACTCCAATAGCG
ACACCGTTCATGGAGAAGTTGACCCGTCATTCTTGTTTCGAGTTTGAGTGAGGTTATCGC

AlaAlaGlyGlnLeuAspLeuSerGlyTrpPheThralaGlyTyrSerGlyGlyAspIle
8881 GCCGCTGGCCAGCTGGACTTGTCCGGCTGGTTCACGGCTGGCTACAGCGGGGGAGACATT
CGGCGACCGGTCGACCTGAACAGGCCGACCAAGTGCCGACCGATGTCGCCCCCTCTGTAA

. (Pro)
TyrHisSerValSerHisAlaArgProArgTrpIleTrpPheCyslLeuleuleuleuAla
8941 TATCACAGCGTGTCTCATGCCCGGCCCCGCTGGATCTGGTTTTGCCTACTCCTGCTTGCT
ATAGTGTCGCACAGAGTACGGGCCGGGGCGACCTAGACCAAAACGGATGAGGACGAACGA

AlaGlyValGlyIleTyrLeuLeuProAsnArgOP

9001 GCAGGGGTAGGCATCTACCTCCTCCCCAACCGATGAAGGTTGGGGTAAACACTCCGGCCT
CGTCCCCATCCGTAGATGGAGGAGGGGTTGGCTACTTCCAACCCCATTTGTGAGGCCGGA

FIG. 18-11



:42.16.XT1 '
GGTAGGGTCAAGGCTGAAATCGACTGTCTGCTTCTTTGGAGAAAGTGGTG

:42.17.XT1
ATCCTGGGGGAGCGTGATTGTCTCAATGGTCTITCTTTGGAGAAAGTGGTG

:42.18.XT1
AGTCCTGCCCCGACGTTGAGTGCGGGAGACCTTCTTTGGAGAAAGTGGTG

:42.19.XT1
CACAAATCTGTAGATGCCTGGCTTCCCCCTCTTCTTTGGAGAAAGTGGTG

:42.20.XT1
GTCGAACATGCCGGAGGGGCGCTCCCCCGGCTTCTTTGGAGAAAGTGGTG

:42.21.LLA2C
GCCTGCGTCATAGCACTCACAGAGGACGGATTAGGCATAGGACCCGTGTC

:42.22.LLA2C
AGTCTCGGCGGGCGTGAGCTCATACCAAGCTTAGGCATAGGACCCGTGTC

:42.23.LLA2C
CGGGGTGTTCATGTACGCTCGTAGCCTAACTTAGGCATAGGACCCGTGTC

- 342.24.1LLA2C
AAATTCAAGATGGTCCTGGCACACGGGAAGTTAGGCATAGGACCCGTGTC

:42.25.LLA2C
TATATGAGTGAGGCCTGTAAAGACGCCCTCTTAGGCATAGGACCCGTGTC

$42.26.1L1A2C
ACTCTGCTTTGTCTGGGATAGAAAGTGGGCTTAGGCATAGGACCCGTGTC

:42.27.1L1A2C
TTGGTACGCTACCAGGTAAGGAAGGTTCTCTTAGGCATAGGACCCGTGTC

:42.28.LLA2C
GGGAGGGGCTTGAGCCCTAGCGCACACGGTTTAGGCATAGGACCCGTGTC

:42.29.LLA2C
AATCAAACACTTCCACATCTGGTCCCACGATTAGGCATAGGACCCGTGTC

:42.30.LLA2C
GGGTGTTGGCCCATGGAGGGTGGGCTTGAGTTAGGCATAGGACCCGTGTC

:42.31.1LLA2C
TTCATTCTGAACAGCGCCCAGTCTGTATAGTTAGGCATAGGACZCGTGTC

FIG. 19-1
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:42.XT1.1
TCCTCACAGGGGAGTGATTCATGGTGGAGTCTTCTTTGGAGAAAGTGGTG

:42,XT1.2
AIGGCTAGACGCTTTCTGCGTGAAGACAGTCTTCTTTGGAGAAAGTGGTG

:42.XT1 3
TCCTGGA&GCTGCACGACACTCATACTAACCTTCTTTGGAGAAAGTGGTG

 :42.XT1.4
CGCAGACCACTATGGCTCTCCCGGGAGGGGCTTCTTTGGAGAAAGTGETS.

:42.XT1.5
‘TCGTCCTGGCAATTCCGGTGTACTCACCGGCTTCTTTGGAGAAAGTGGTG

:42.LIA2C.6
GCATTGAGCGGGTTGATCCAAGAAAGGACCTTAGGCATAGGACCCGTGTC

:42.LLA2C.7
AGCAGTCITGCGGGGGCACGCCCAAATCTCTTAGGCATAGGACCCGTGTC

:42.L1LA2C.8
ACAAGGCCTTTCGCGACCCAACACTACTCGTTAGGCATAGGACCCGTGTC

:42.LLA2C.9
GGGGCACTCGCAAGCACCCTATCAGGCAGTTTAGGCATAGGACCCGTGTC

:42,L1A2.10
CGTGCTCATGGTGCACGGTCTACGAGACCTTTAGGCATAGGACCCGTGTC

:42.LLA2C.11
GTTACGTTTGTTTTTTTTTTGAGGTTTAGGTTAGGCATAGGACCCGTGTC

:42.LLA2C.12
CGGGAACTTGACGTCCTGTGGGCGACGGTTTTAGGCATAGGACCCGTIGTC

:42.LLA2C.13 ,
CAAGTAAACTCCACCAACGATCTGACCGCCTTAGGCATAGGACCCGTGTC

:42.LLA2C.14
GCGCACACCCAATCTAGGGCCCCTGCGCGGTTAGGCATAGGACCCGTGTC

:42.LLA2C.15
AGGTTGCGACCGCTCGGAAGTCTTTCTCGTTTAGGCATAGGACCCGTGTC

FIG. 19-2



142.32.XT1
ATGTTGGGATGGGGCACAGTGACGGAGCCCCTTCTTTGGAGAAAGTGGTG

:42.33.XT1
ATCTCTCCGGTGGTGGACAGAGCAACCTCCCTTCTTTGGAGARAGTGGTG

:42.34.XT1
ACTTCGAGGGGGATAGCCTTGCCGTAAAAACTTCTTTGGAGAAAGTGGTG

:42.35.XT1
TGACAGAAGATGAGATGTCTCCCCCCCTTGCTTCTTTGGAGAAAGTGGTG

:42.36.LLA2C
TTTGCGGCGAGTTCGTCGCACTTCTTCTTTTTAGGCATAGGACCCGTGTC

:42.37.L1.A2C
TAGGCCACGGCATTGATGCCCAATGCGACCTTAGGCATAGGACCCGTGTC

:42.38.1LLA2C
GTCGGGATGACGGACACGTCAAGACCGCGGTTAGGCATAGGACCCGTGTC

:42.39.1L1A2C
GCATCGGTTGCCACGACGACAACATCGCCGTTAGGCATAGGACCCGTGTC

:42.40.1LA2C
GAGTCGAAGTCGCCGGTATAGCCGGTCATGTTAGGCATAGGACCCGTIGTC

:42.41.11A2C
GTCTGGGTGACACACGTATTGCAGTCTATCTTAGGCATAGGACCCGTGTC

:42.42.11A2C
ATGGTGAAGGTAGGGTCAAGGCTGAAATCGTTAGGCATAGGACCCGTIGTC

:42,.43.1L1A2C
GAGACAGCATCCTGGGGGAGCGTGATTGTCTTAGGCATAGGACCCGTGTC

FIG. 19-3
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FlG 22 Translation of DNA 81

SerGlyLysProAlaIleIleProAspArgGluValLeuTyrArgGluPheAspGluMet
1GTCCGGGAAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGAT
CAGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTA

GluGluCysSerGlnHisLeuProTyrIleGluGlnGlyMetMetLeuAlacluGlnPhe
61GGAAGAGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTT
CCTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAA

LysGlnLysAlaLeuGlyLeuleuGlnThrAlaSerArgGlnAlaGluValIleAlaPro
121CAAGCAGAAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCC
GTTCGTCTTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGG

AlavalGlnThrAsnTrpGlnLysLeuGluThrPheTrpAlaLysHisMetTrpAsnPhe
181 TGCTGTCCAGACCAACTGGCAAAAACTCGAGACCTTCTGGGCGAAGCATATGTGGAACTT
ACGACAGGTCTGGTTGACCGTTTTTGAGCTCTGGAAGACCCGCTTCGTATACACCTTGAA

IleSerGlyIleGlnTyrLeuAlaGlyLeuSerThrLeuProGlyAsnProAlaIleala
241CATCAGTGGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCGCCATTGC
GTAGTCACCCTATGTTATGAACCGCCCGAACAGTTGCGACGGACCATTGGGGCGGTAACG

SerLeuMetAlaPheThrAlaAlaValThrSerProLeuThrThrSerGln
_301TTCATTGATGGCTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAA
AAGTAACTACCGAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGGTTT

FlG 23 Translation of DNA 36

AspAlaHisPheLeuSerGlnThrLysGlnSerGlyGluAsnLeuProTyrLeuvValala
1 GATGCCCACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCG
CTACGGGTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAATGGACCATCGC

TyrGlnAlaThrValCysAlaArgAlaGlnAlaProProProSerTrpAspGlnMetTrp
61 TACCAAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGG
ATGGTTCGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACC

LysCysLeulleArgLeuLysProThrLeulisGlyProThrProleuleuTyrArgleu
121AAGTGTTTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTG
TTCACAAACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTCAC

GlyAlaValGlnAsnGlulleThrLeuThrHisProvValThrLysTyrIleMetThrCys
181 GGCGCTGTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACATCATGACATGC
CCGCGACAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATGTAGTACTGTACG

MetSerAlaAspLeuGluVa1ValThrSerThrTrpValLeuValGlyGlyValLeuAla
241 ATGTCGGCCGACCTGGAGGTCGTCACGAGCACCTGGGTGCTCGTTGGCGGCGTCCTGGCT
TACAGCCGGCTGGACCTCCAGCAGTGCTCGTGGACCCACGAGCAACCGCCGCAGGACCGA

AlaLeuAlaAlaTyrCysLeuSerThrGlyCysValvallIleValGlyArgvalvValleu
301 GCTTTGGCCGCGTATTGCCTGTCAACAGGCTGCGTGGTCATAGTGCGCAGGGTCGTCTTG
CGAAACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAAC

Overlap with 81 - -—=
SerGlyLysProAlallelleProAspArgGluvValLeuTyrArg

361 TCCGGGAAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAG
AGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTC

~
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FlG 24 Translation of DNA 37b

‘LeuAlaAlaLyslLeuValAlaLeuGlyIleAsnAlaValAlaTyrTyrArgGlyLeuAsp
1 CTCGCCGCAAAGCTGGTCGCATTGGGCATCAATGCCGTGGCCTACTACCGCGGTCTTGAC
GAGCGGCGTTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTG

ValSerVallleProThrSerGlyAspValvValvalvalAlaThrAspAlaLeuMetThr
61 GTGTCCGTCATCCCGACCAGCGGCGATGTTGTCGTCGTGGCAACCGATGCCCTCATGACC
CACAGGCAGTAGGGCTGGTCGCCGCTACAACAGCAGCACCGTTGGCTACGGGAGTACTGG

GlyTyrThrGlyAspPheAspSerValIleAspTyrAsnThrCysValThrGlnThrval
121 GGCTATACCGGCGACTTCGACTCGGTGATAGACTACAATACGTGTGTCACCCAGACAGTC
CCGATATGGCCGCTGAAGCTGAGCCACTATCTGATGTTATGCACACAGTGGGTCTGTCAG

- --Overlap with
AspPheSerLeuAspProThrPheThrIleGluThrIleThrLeuProGlnAspAlaval

181 GATTTCAGCCTTGACCCTACCTTCACCATTGAGACAATCACGCTCCCCCAGGATGCTGTC
CTAAAGTCGGAACTGGGATGGAAGTGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAG

clone 35
SerArgThrGlnArgArgGlyArgThr
241 TCCCGCACTCAACGTCGGGGCAGGACTG - -
AGGGCGTGAGTTGCAGCCCCGTCCTGAC
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61

121

181

241

Translation of DNA CA84a

GlnGlyCysAsnCysSerIleTyrProGlyHisIleThrGlyHisArgMetAlaTrpAsp
CGCAAGGTTGCAATTGCTCTATCTATCCCGGCCATATAACGGGTCACCGCATGGCATGGG
GCGTTCCAACGTTAACGAGATAGATAGGGCCGGTATATTGCCCAGTGGCGTACCGTACCC

MetMetMetAsnTrpSerProThrThrAlaleuValMetAlaGlnleuleuArgIlePro. -

ATATGATGATGAACTGGTCCCCTACGACGGCGTTGGTAATGGCTCAGCTGCTCCGGATCC
TATACTACTACTTGACCAGGGGATGCTGCCGCAACCATTACCGAGTCGACGAGGCCTAGG

GlnAlaIleLeuAspMetIleAlaGlyAlaHisTrpGlyvValleuAlaGlyIleAlaTyr
CACAAGCCATCTTGGACATGATCGCTGGTGCTCACTGGGGAGTCCTGGCGGGCATAGCGT
GIGTTCGGTAGAACCTGTACTAGCGACCACGAGTGACCCCTCAGGACCGCCCGTATCGCA

Overlap with CAS9a
PheSerMetValGlyAsnTrpAlaLysValleuValVallLeulLeuleuPheAlaGlyVval

ATTTCTCCATGGTGGGGAACTGGGCGAAGGTCCTGGTAGTGCTGCTGCTATTTGCCGGCG

TAAAGAGGTACCACCCCTTGACCCGCTTCCAGGACCATCACGACGACGATAAACGGCCGC

AspAlaGluThrHisValThrGly
TCGACGCGGAAACCCACGTCACCGGGG - FIG. 27
AGCTGCGCCTTTGGGTGCAGTGGCCCC
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Translation of DNA 40b

AlaTyrMetSerLysAlaHisGlyIleAspProAsnIleArgThrGlyValArgThrile
GGCTTACATGTCCAAGGCTCATGGGATCGATCCTAACATCAGGACCGGGGTGAGAACAAT

. CCGAATGTACAGGTTCCGAGTACCCTAGCTAGGATTIGTAGTCCTGGCCCCACTCTTGTTA

ThrThrGlySerProlleThrTyrSerThrTyrGlyLysPheLeuAlaAspGlyGlyCys
TACCACTGGCAGCCCCATCACGTACTCCACCTACGGCAAGTTCCTTGCCGACGGCGGGTG
ATGGTGACCGTCGGGGTAGTGCATGAGGTGGATGCCGTTCAAGGAACGGCTGCCGCCCAC

SerGlyGlyAlaTyrAsplIlelleIleCysAspGluCysHisSerThrAspAlaThrSer
CTCGGGGGGCGCTTATGACATAATAATTTGTGACGAGTGCCACTCCACGGATGCCACATC
GAGCCCCCCGCGAATACTGTATTATTAAACACTGCTCACGGTGAGGTGCCTACGGTGTAG

IleleuGlyIleGlyThrValleuAspGlnAlaGluThrAlaGlyAlaArgLeuValval
CATCTTGGGCATCGGCACTGTCCTTGACCAAGCAGAGACTGCGGGGGCGAGACTGGTTGT
GTAGAACCCGTAGCCGTGACAGGAACTGGTTCGTCTCTGACGCCCCCGCTCTGACCAACA

LeuAlaThrAlaThrProProGlyServValThrValProHisProAsnIleGluGluval
GCTCGCCACCGCCACCCCTCCGGGCTCCGTCACTGTGCCCCATCCCAACATCGAGGAGGT -
CGAGCGGTGGCGGTGGGGAGGCCCGAGGCAGTGACACGGGGTAGGGTTGTAGCTCCTCCA

AlaleuSerThrThrGlyGluIlleProPheTyrGlyLysAlaIleProleuGluvallle
TGCTCTGTCCACCACCGGAGAGATCCCTTTTTACGGCAAGGCTATCCCCCTCGAAGTAAT
ACGAGACAGGTGGTGGCCTCTCTAGGGAAAAATGCCGTTCCGATAGGGGGAGCTTCATTA

LysGlyGlyArgHisLeuIlePheCysHisSerLysLysLysCysAspGluLeuAlaAla
CAAGGGGGGGAGACATCTCATCTTCTGTCATTCAAAGAAGAAGTGCGACGAACTCGCCGC
GTTCCCCCCCTCTGTAGAGTAGAAGACAGTAAGTTTCTTCTTCACGCTGCTTGAGCGGCG

Overlap with 37b-
LysLeuValAlaLeuGlyIleAsnAlavValAlaTyrTyrArgGlyLeuAspValSerVal
AAAGCTGGTCGCATTGGGCATCAATGCCGTGGCCTACTACCGCGGTCTTGACGTGTCCGT
TTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTGCACAGGCA

IleProThr

CATCCCGACCAG FIG. 28

GTAGGGCTGGTC



FIG. 29
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HCV cDNA OF CLONE 40a

GluPheGlyAlaIleProleuGluValIleLysGlyGlyArgHisLeuIlePheCysHis
1 GAATTCGGGGCTATCCCCCTCGAAGTAATCAAGGGGGGGAGACATCTCATCTTCTGTCAT
CTTAAGCCCCGATAGGGGGAGCTTCATTAGTTCCCCCCCTCTGTAGAGTAGAAGACAGTA

61 TCAAAGAAGAAGTGCGACGAACTCGCCGCAAAGCTGGTCGCATTGGGCATCAATGCCGTG
AGTTTCTTCTTCACGCTGCTTGAGCGGCGTTTCGACCAGCGTAACCCGTAGTTACGGCAC

121 GCCTACTACCGCGGTCTTGACGIGTCCGTCATCCCGACCAGCGGTGATGTTGTCGTCGTG
CGGATGATGGCGCCAGAACTGCACAGGCAGTAGGGCTGGTCGCCACTACAACAGCAGCAC

181 GCAACCGATGCCCTCATGACCGGCTATACCGGCGACTTCGACTCGGTGATAGACTGCAAT
CGTTGGCTACGGGAGTACTGGCCGATATGGCCGCTGAAGCTGAGCCACTATCTGACGTTA

241 ACGTGTGTCACCCAGACAGTCGATTTCAGCCTTGACCCTACCTTCACTATTGAGACAATC
TGCACACAGTGGGTCTGTCAGCTAAAGTCGGAACTGGGATGGAAGTGATAACTCIGTTAG

FIG. 32

301 ACGCTCCCCCAAGATGCTCCGAATTC
TGCGAGGGGGTTCTACGAGGCTTAAG



FIG. 33




LV 10729

F'G 34 Translation of DNA 35

v SertleGIuThrIleThrLeuProGlnAspAlaValSerArgThrGlnArgArgGlyArg
1TGCATTGAGACAATCACGCTCCCCCAGGATGCTGTCTCCCGCACTCAACGTCGGGGCAGG
AGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAGAGGGCGTGAGTTGCAGCCCCGTCC

ThrGlyArgGlyLysProGlyIleTyrArgPheValAlaPrpGlyGluArgProSerGly
61ACTGGCAGGGGGAAGCCAGGCATCTACAGATTTGTGGCACCGGGGGAGCGCCCCTCCGGC
TGACCGTCCCCCTTCGGTCCGTAGATGTCTAAACACCGTGGCCCCCTCGCGGGGAGGCCG

MetPheAspSerSerValLeuCysGluCysTyrAspAlaGlyCysAlaTrpTyrGluLeu
121ATCTTCGACTCGTCCGTCCTCTGTGAGTGCTATGACGCAGGCTGTGCTTGGTATGAGCTC
TACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCGTCCGACACGAACCATACTCGAG

ThrProAlaGluThrThrValArgLeuArgAlaTeretAsnThrProGlyLeuProVal
181ACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACACCCCGGGGCTTCCCGTG
TGCGGGCGGCTCTGATGTCAATCCGATGCTCGCATGTACT TG TGGGGCCCCGAAGGGCAC

CysGlnAspHisLeuGluPheTrpGluGlyValPheThrGlyLeuThrHisIleAspAla
241TGCCAGGACCATCTTGAATTTTGGGAGGGCGTCTTTACAGGCCTCACTCATATAGATGCC
ACGGTCCTGGTAGAACTTAAAACCCTCCCGCAGAAATGTCCGGAGTGAGTATATCTACGG

HisPheLeuSerGlnThrLysGlnSerGlyGluAsnLeuProTereuValAlaTyrGln
301CACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCGTACCAA
GTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAATGGACCATCGCATGGTT

Overlap with 3§
AlaThthlesAlaArgAlaGlnAlaProPrOProSerTrpAspGlnMetTrpLysCys
361GCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAAGTGT
CGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTTCACA'

LeuIleArgLeuLysP:oThrLeuHisGlyProThrProLeuLeuTyrArgLeuGlyAla
421TTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCGCT
AACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTGACCCGCGA



Patient
Lane Reference F'G35

Number Number Diagnosis ALT Level (mu/ml)
1 11 NANB 1354
2 11 NANB 31

'3 21 NANB 14
4 21 NANB 79
5 2l NANB 26
6 3l NANB 78
7 3l NANB 87
8 3l NANB 25
9 41 NANB 60

10 41 NANB .13

11 51 NANB 298

12 51 NANB 101

13 6l NANB 474

14 6l NANB 318

15 71 NANB 20

16 71 NANB 163

17 gl NANB "

18 gl NANB 50

19 9 NANB N/A

20 10 NANB N/A

21 11 NANB N/A

22 12 Normal N/A

23 13 Normal N/A

24 14 Normal N/A

26 30174 Normal N/A

27 30105 Normal N/A

28 30072 Normal N/A

29 30026 Normal N/A

30 30146 ' Normal N/A

31 30250 Normal N/A

32 30071 Normal N/A

33 15 AcuteHAV N/A

34 16 AcuteHAV N/A

35 17 AcuteHAV N/A

36 18 AcuteHAV N/A

37 48088 AcuteHAV N/A

38 47288 AcuteHAV N/A

39 47050 AcuteHAV N/A

40 46997 AcuteHAV N/A

41 19 Convalescent HBV N/A

42 20 (anti-HBSagtve; N/A

43 21 anti-HBCagtve) N/A

44 22 (anti-HBSagtve; N/A

45 23 anti-HBCag+ve) N/A

46 24 (anti-HBSag+ve; N/A

47 25 anti-HBCagtve) N/A

48 26 (anti-HBSagtve; N/A

49 27 anti-HBSag+ve) N/A

lsequential serum samples were assayed from these patients
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FIG. 37 PCR/HCV ENV Region

1.145Kbp

K91Env16B

< ag30albA

ag30a

| CA216a | O>maml ,

16A 16B 16A 16B
CA156¢

11 683bp

-

k9-1

A 614bp

CA156e16A
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100 bp
—f

—— = probes CA216a, CA84a
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Gly?heAlaAspLeuMetGlyTyrIleProLeuValGlyAlaProLeuGlyGlyArgAla
GGCITCGCCGACCTCATGGGGTACATACCGCTCGICGGCGCCCCTCTTGGAGGCCGTGCC

A:gAlaLeuAlaHisGlyValArgValLeuGluAspGlyValAsnTyrAlaTh:GlyAsuv
AGGGCCCTGGCGCACGGCGTCCGGGTTTTGGAAGACGGCGTGAACTATGCAACAGGGAAC
G A .

LeuProGlyCysSerPheSerIlePheLeuLeuAlaLeuLeuserCysLeuTh:ValPro
CTTCCTGGTTGCTCCITTTCTATCTTCCTTCTGGCCCTACTCTCTTGCCTGACCGTGCCC
GA T

AlaSerAlaTyrGanalArgAsnSerThrGlyLeuTyrHisValThrAsnAsprsPro
GCTTCAGCCTACCAAGTGCGCAACTCIACGGGGCTTTACCATGICACCAATGATTGCCCT

AsnSerSerIleValTyrGIuAlaAlaAspAlaIleLeuHisAlaProGlyCysValPro
AACTCGAGIATTGTGTACGAGGCGGCCGATGCCATCCTGCACGCTCCGGGGTGTGTCCCT
T c

CysValAquluAspAanalSerA:gCysTrpValAlaValIhrPrcThrValAlaThr
TGCGTTCGCGAGGATAACGTCTCGAGATGTTGGGTGGCGGTGACCCCCACGGTGGCCA%C
G

LysAspGlyLysLeuPrcThrThrGlnLeuArgArgHisIleAspLeuLeuValGlySer

AAGGACGGCAAACTCCCCACAACGCAGCTTCGACGTCACATCGAICTGCTEGTCGGGA:C

AlaThrLeuCysSerAlaLeuTeralGlyAspLeuCysGlySerIlePheLeuValGly

GCCACCCTCTGCTCGGCCCTCTACGTGGGGGACCTTTGCGGGTCCAICTTTCTTGTCGGT
T

GlnLeuPheThrPheSerProA:gArgHisTrpTh:ThrGlnAsprsAsnCysSerIle
CAACTGTTTACCT TCTCTCCCAGGCGCCACTGGACGACGCAGGACTGCAACTGTTCTATC
o

Tyr?roGlyHisIleThrGlyHisA:gMetAlaTrpAspMetMetMetAsnTrpSerPro
TATCCCGGCCATATAACGGGTCACCGCATGGCATGGGATATGATGAIGAACTGGTCCCCT
G

ThrAlaAlaLeuValValAlaGlnLeuLeuA:gIleProGlnAlaIleLeuAspMetIle
ACGGCGGCATTGGTAGTAGCTCAGCTGCTCCGGATCCCACAAGCCATCTTGGACATGAIC
G AG

AlaGlyAlaHisTrpGlyValLeuAlaGlyMetAlaTerheSerMetValGlyAsnTrp
GCTGGTGCTCACTGGGGAGTCCTGGCGGGCATGGCGTATTTCTCCATGGTGGGGAACTGG
G

AlaLysVllLeuValValLeuLeuLeuPheAlaGlyValAspAlaGluTh:HisA:ngr
GCGAAGGTCCTGGTAGIGCTGCTTCTATTTGCCGGCGTCGACGCGGAAACCCACCGTACC
' G

GlyGlySerAlaAlaA:gSerThrAlaG1yValAlaserLeuPheThrPrcGlyAlaArg
GGGGGAAGTGCCGCCCGCAGCACGGCTGGAGTTGCTAGICTCTTCACACCAGGCGCTAGG
C T A : '

GlnAsnIleGlnLeuIleAsnTh:AsnGlySerTrpHisIleAsnSerThrAlaLeuAsn
CAGAACATCCAGCTGATCAACACCAACGGCAGTTGGCACATCAATAGTACGGCCTTGAAC
AT

CysAsnAspSerLeuTh:Th:GlyTrpLeuAlaGlyLeuPheTyrHisHisLysPheAsn
TGCAAIGACAGCCITACCACCGGCTGGTTAGCGGGGCTTTTCTATCACCAIAAATTCAAC
A A

SerSerclyCysProGluArgLeuAlaSe:CysArgProLeuThrASpPheAlaGln
TCTTCAGGCTG TCCCGAGAGG TTGGCCAGC TGCCGACCCCTCACCGATTTIGCCCAGS
G A G



61

121

181

241

301

361

421

481

S41

601

€61

721

781

841

901

961

LV 10729

Human 27

FIG. 47

GlyPheAlaAspleuMetGlyTyrIleProleuValGlyAlaProLeuGlyGlyAlaAla
GGCTTCGCCGACCTCATGGGGTACATTCCGCTCGTCGGCGCTCCTCTTGGEGGCGCTIGCC

ArgAlaLeuAlaHisGlyValArgValLeuGluAspGlyValAsnTyrAlaThrGlyAsn
AGGGTCCTGGCGCATGGCGTCCGGGTTCTGGAAGACGGCGTGAACTATGCAACAGGGAAC

LeuProGlyCysSerPheSerIlePheLeuLeuAlaLeuLeuSerCysLeuThrvalPro
CTTCCIGGTTGCTCTTICTCTATCTTCCTTCTGGCTCTGCTCTCTTGCCTGACCGTGCCS

AlaSerAlaTyrGlnValArgAsnSerSerGlyIleTyrHisvValThrAsnAspCysPro
GCATCGGCCTACCAAGTACGCAACTCCTCGGGCATTTACCATGTCACCAATGATTGCCCT

AsnSerSerllevValTyrGluThrAlaAspThrilelLeuHisSerProGlyCysvalPro
AATTCGAGTATTGTGTACGAGACGGCCGACACCATCCTACACTCTCCGGGETGTGTCCCT
c (o}

CysValArgGluGlyAsnAlaSerLysCysTrpValProvalAlaProThrValAlaThr
TGCGTTCGCGAGGG TAACGCCTCGAAATG T TGGGTGCCGGTAGCCCCCACAGTGGCCACS
G

ArgAspGlyAsnLeuProAlaThrGlnLeuArgArgHisIleAspleuleuvalGlySer
AGGGACGGCAACCTCCCCGCAACGCAGCTTCGACGTCACATCGATCTGCTTIGTCGGGAGT
G G

AlaThrlLeuCysSerAlaleuTyrValGlyAspLeuCysGlySerValPheleuvValGly
GCCACCCTTTGCTCGGCCCTCTATGTGGGGGACTTGTGCGGGTCIGICTTTCTIGTCGGT
o o

GlnLeuPheThrPheSerProArgArgHi sTrpThrThrGlnAspCysAsnCysSerlle.
CAACTGTTCACTTTCTCCCCCAGGCGCCACTGGACAACGCAAGATTGCAACTGCTCTATC
A

TyrProGlyHisIleThrGlyHisArgMetAlaTrpAspMetMetMetAsnTrpSerPro
TACCCCGGCCATATAACGGGACACCGCATGGCATGGGATATGATGATGAACTGGTCCCCT

ThrAlaAlaleuValMetAlaGlnleuleuArgIleProGlnAlalleLeudspMetIle -
ACAGCAGCGCTGGTAATGGC TCAGCTGCTCAGGATCCCGCAAGCCATCTTGGACATGATC
G

AiaGlyAlaHisTrpGlyValLeuAlaGlyIleAlaTerheSerMetValGlyAsnTrp
GCTGGTGCTCACTGGGGAGTCCTAGCGGGCATAGCGTATTTCTCCATGGTGGSGAACTGG

AlaLysValleuValValleuLeuleuPheAlaGlyValAspAlaThrThrIyrThrThr
GCGAAGGTCCTGGTGGTGC TG T TGC TG TTTGCCGGCGTCGATGCGACAACCTATACCACS

GlyGlyAsnAlaAlaArgThrThrGlnAlaleuThrSerPhePheSerProGlyAlalys
GGGGGGAATGCTGCCAGGACCACGCAGGCGCTCACCAGTTTTTTCAGCCCAGGCGCCAAG

GlnAspIlleGlnleulleAsnThrAsnGlySerTrpHisIleAsnArgThrAlaleuAsn
CéGGATATCCAGCTGATCAACACCAACGGCAGTTGGCACATCAATCGCACGGCCTTGAAC
T

CysAsnAlaSerLeuAspThrGlyTrpValAlaGlyLeuPheTyrTyrHisLysPheAsn
TGTAATGCGAGCCTCGACACTGGCTGGGTAGCGGGGCTCTTCTATTACCACAAATTCAAC
T G

SerSerGlyCysProGluArgMetAlaSerCysArgProleuAlaAspPheAspGln
TCTTCAGGCTIGCCCCGAGAGGATGGCCAGCTGTAGGCCCCTTGCCGATTTCGACCAGS
C
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ECl0 GAATTCGGACGACGCAAGGTTGCAATTGCTCTATCTATCCCGGCCATAT
Xssssssrsrsesosoressstreessrssassssssssssss
HCV1  CTCTCCCAGGCGCCACTGGACGACGCAAGGTTGCAATTGCTCTATCTATCCCGGCCATAT
250 560 570 580 590 600

50 60 70 80 A 90 100

AACAGGTCACCGCATGGCATGGGATATGATGATGAACTGGTCCCCTACGACGGCGTTAGT

® ® 99 000 a0 2 2 22 2 ¢ 8000000 s 000000 es0e $ 322 300000000 ecs00pv0o0 o e
oooooooooo ® © 0 0020000000000 e L0000 esess 022

AAéGGGTCACCGCATGGCATGGGATATGATGATGAACTGGTCCCCTACGACGGCGTTGGT
610 - 620 630 640 650 660

110 120 130 140 150 160
GGTAGCTCAGCTGCTCCGGATCCCACAAGCCATCTTGGACATGATCGCTGGTGCTCACTG
AATGGCTCAGCTOCTCCGCATCCCACAAGECATOTTGCACATCA TG T T At

670 680 690 700 710 720

170 180 190 200 210 220
GGGAGTCCTGGCGGGCATAGCGTATTICTCCATGGTGGGGAACTGGGCGAAGGTCTTGEC
GGGAGTCCTEGCCEaCATAGCOTAT T TCTCCATE T AR AT A et

730 740 750 760 770 780

230 240 250 260 270 280
AGTGCTGCTGCTATTTGCCGGCGTCGACGCGGAAACCCACGTCACTGGGGGGATCGCCGC

ooooooooooooooooooooooooo HE S

oooooooooooooooooooooooooooooooooooooooooooo

AGTGCTGCTGCTATTTGCCGGCGTCGACGCGGAAACCCACGTCACCGGGGGAAGTGCCGG
790 800 810 820 830 840

290 300 310 - 320 330 340
CAAAACTACGGCTAGCCTTACTGGTCTCTTCAATTTAGGTGCCAAGCAGAACATCCAGCT

H H H - 2 gsr se e e T3]
-------------------

850 860 870 880 890 900

350 360 370 380 390 400
GATCAACACCAACGGCAGTTGGCACATCAACAGGACGGCCTTGAACTGCAATGATAGCCT

oooooooooooo * s e e H ] ® % e s 00 [ [ EEEEE]
oooooooooooooooooooooooooooo

GATCAACACCAACGGCAGTTGGCACCTCAATAGCACGGCCCTGAACTGCAATGATAGCCT

910 920 930 940 950 960
410 420
CAACACCGGCTIGGAATTC
t2328822::::X
CAACACCGGCTGGTTGGCAGGGCTTTTCTATCACCACAAGTTCAACTCTTCAGGCTGTCC
970 980 990 1000 1010 1020

FIG. 50-1
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AA #117-308 (putati ! ion)
1) HCT #18 (USA) 3 clones sequenced FIG. 51
2) JH23 (USA) ? .
3) JH 27 (USA) ?
4) PBL-Th (USA) 2 clones sequenced
5) EC1 (ltaly) - 3 clones sequenced
6) HCV-1 (chimpanzee) multiple
c™ S
1) ™ P
2)
3)
4)
5)
G)RNLGKVIDTLTCGFADLMGYIPLVGAPLGGAARALAHGVRVLEDGVNYATGNL
1) H
2) :
3) S T T
4) L
5) (F) s
6)PGCSFSlFLLALLSCLTVPASAYQVRNSTGLYHVTNDCPNSSlVYEAADAlLH
1) M v v T
2)a DV v K T
3)s PVA N
4)A . A R T
5) H Vv T

6)TPGCVPCVREGNASRCWVAMTPTVATRDGKLPATQLRRHIDLLVGSATLCS

1)

2) I b
3) D
4)

5) |

6)ALYVGDLCGSVFLVGQLFTFSPRRHWTTQGCNCS!
SUMMARY: "S" AA117-308 (93%)

HCT#18, PBL-Th, EC1(Italy) have 97Z homology with HCV-1
JH23 and JH 27 have 962 and 95% homology with HCV-1,respectively



aming ~1/3 _of NSI)

1) JH23 ' ?
2) JH27 ?
3) Japanese Isolate (T. Miyamura) ?
4) EC10 (ltaly) 2 clones sequenced
(one nt difference, which did not
result in an amino acid change)
5) HCV-1 (chimpanzee) multiple
SG—T—oNSI
1) D A v
2) o A
3) Vs W v
4)

5)TTQGCNCSIYPGHITGHRMAWDMMMNWSPTTALVMAQLLRIPQAILDMIAGA

1) M R ARSTA VA
2) TYT N AR TOALT F
3) L v I'M GH R vQ VT TLT
4) A I AK TASLTA

S)HWGVLAGIAYFSMVGNWAKVLVVLLLFAGVDAETHVTGGSAGHTVSGFVSL

16 R | ! T v
2T DI - { R A D

3FR S KiI V | R Q F
4)FNL I i R N
5)LAPGAKQNVQLINTNGSWHINSTALNCNDSINTGWL

SUMMARY: NS 1 AA 330-660

"Isolate" ZHomology (AA330-438) ZHomology (AA383-405)
JH23 83 57
JH27 80 39
Japanese 73 48
EC10 (Italy) 84 48

FIG. 52
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Common Sequence

LV 10729

variable 'Sequence

AAGCTTGATCGAATTC

CGATCTTGC
CGATCCTGC
CGATCATGC
CGATCGTGC
CGAAGTTGC
CGAAGCTGC

AGATCTTGC
AGATCCTGC
AGATCATGC
AGATCGTGC
AGAAGTTGC
AGAAGCTGC

CGATCTTGT
CGATCCTGT
CGATCATGT
CGATCGTGT
CGAAGTTGT
CGAAGCTGT

AGATCTTGT
AGATCCTGT
AGATCATGT
AGATCGTGT
AGAAGTTGT
AGAAGCTGT

CGCTCTTGC
CGCTCCTGC
CGCTCATGC
CGCTCGTGC
CGCAGTTGC
CGCAGCTGC

CGCTCTTGT
CGCTCCTGT
CGCTCATGT
CGCTCGTGT
CGCAGTTGT
CGCAGCTGT
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CLAIMS

1. An oligomer capable of hybridizing to an HCV
sequence in an analyte polynucleotide strand, wherein the
oligomer is comprised of an HCV targeting sequence com-
plementary to at least 4 contiguous nucleotides of HCV
cDNA shown in Fig. 18.

2. The oligomer of claim 1, wherein the target-
ing sequence is comprised of nucleotides which are com-
plementary to nucleotides selected from the following HCV
cDNA nucleotides shown in Fig. 18, (nn - na, denotes
nucleotide number x to nucleotide number y)):

nn_s4q ~ RA_3397 NA_339 = MR_3307 MM_3309 ~ NR_3;0¢
nn_qy9 = BR_3507 PR_399 ~ PM_g907 MP_290 ~ "M_2807
nD_s0q = ON_j907 DN_j9g = NN _5607 MN_3609 ~ MM_2507
NN_,5q = MN_5407 MR_y40 = PN_3307 M_23¢ - MM.2207
nn_j90 = MN_2107 MP_z10 ~ M™M2007 ™-200 T "M-1907
nn_y99 = MN_jgo¢ MR_jgg = MM.y707 ™M-o170 T "P-1607
nn_je9 = MR_1507 PR_350 T M_1407 MMo140 T "Po1307
nn_y3q9 = NN_j507 BR_jp0 = MMyj0f Mo110 - "P-100¢
nn_j00 ~ MR_ggi MP_gg " M.go’ "M-go T ""-707

nn_;g = MA_ggi MN_gg ~ MMoggi Mf.gg ~ Mf_q0f
nn_40 - nn_3o: nn_30 - nn_zo; nn_20 - nn_lo;
nn__lo - nnl; nnl - nnlo; nnlo i nnzo: nnzo - nn30;
NNz, = NNy ANgq = NNggi Mgy = Afggi NNgg = NNggs

nn,s = NNggi NNgg = NNgqgi Mg = ARy g47 ANy59 = 0,447

NNy g = MRyop7 ONypq = MRy3p7 MMy30 = Mhyg0f
NNy.0 ~ MRygof Afygo = MMy MMyge ~ MM1707
NNy 49 = NNjggi RRygg = ANjgq? Mhygg = MMpgqf
NNy50 = DRyy97 DMy g = MMg207 M220 = MM23¢¢
MNy3g = DNgaqi ARyag = MNygei Myg59 = Bhygof
MNycg = MNyqqgi NRyqg = RNggqi NMMjgp = Nhigg07

nn290 - nN3QQ; nNn3gp - NN3j1p7 NN310 -~ NN3207
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fn320
NN3s0
NN3g0
lln410
NN440
MN470
ffg00
MNg39
Nfggo
MNgg0
NNgao
NNgso
Mego
nn210
40
nns70
NNgoo
fNg3g
NNgeo
MNgg0
MNg20
MNgs9
NNggg
Nyo10
NNyo40
nni070
0100
nni130
nnyi60
nNyi190
nny220
fny2s0
nn,280
nNi310

nn;340
nnj370

NN3307
NN3607
MN3g07
NNg207
MRy507
NN4go?
fNgyo7
Mhgqqi
MNg797
MNgoo?
MNg307
NNggoi
RRego?
NN7207
MNa507
nn;go’
fNgio0?
NNg40?
MNg7o7
MNg00?
NNg307
MNggo?
MNggo/

NNyo207 PP1020
NNjos07
Rnio80°
fNyj10f
Ny 1407
nny1707
nNy200°
nnj2307
nny2607
nNy2907
nhy320°

NNy3s0?
nnj3go;’

NN339
360
MN399
Nn420
MNsso
NN4g0
MNs510
MNs540
NNs570
MNeoo
MNg3g
MMeggo
MNeg0
nns20
M50
NNsg0
NNg10
MNg4g
MNg7o
MMg900
MNg30
MNgg0
NNggg

nNyos50
D080
fNi110
nNy140
nnyi70
nny200
nn1230
nNy260
MNi290
nhi320

nny3s9
nnj3go

-117-

NN3407 M340
NN3707 MN370
NMN4o07 MM400
NNg307 NN430
NN4e0f M4g60
MNg907 MN490
NNg07 M50
NNg5507 MMggg
MNgggi Mhsgg
MNgy107 Mg
MNgq0? Mgag
NNgz07 MNg70
fn200% M700
MN730f MM730
NNa607 MNy60
NNa907 MMagg
NNgaof Mgap
NNgggi NNgsg
MNggqi NNggo
MNg107 Mg30
MNggqi MMgyg
nn970; nn97o

MNi0007 ™1000

- NNjo30¢ "P1030
Bioso? ™M1060
Mi0907 ™1090
= Myj20f ™i120
MNy1s0f "M1150
Nnyi1g07 MMy1g0
= MRyo30f MMi210
NN1240° ™1240
MMy 5907 MM1270
- My3007 ™1300
nhy3307 ™M1330
MN13607 ™M1360

N3507
MN3g07
MNgy0/
MMg40f
Mfg907
MMgo0?

Mhg 307
MNgeof
MRs907
MNgaoi
MRgsqi
MNggo?
R710¢
MR7407
nnaq707
Mgoof
MNg3p7
NNggoi
Rggg?
Mgo07
MNgs5q
MRggg?

- MMyo107

- Nfyo407
nNy070°
nRi1007
nn1307
MNy1607
MNi1907
nNy2207
NNy2s507
NNy 2807
nNy3107
RNy 3407
hR13707

- nnj39Q7 NN1390 - NN14007
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Nfi400
NN 430
nNy460
N7y490
ffy520
MRy s50
Ny 580
nMe10
fni640
ne70
nni 700
nny730
nny760
nni790
nRig20
N850
Nnjg80
Mie10
NNi940
970
000
n1030
NN3060
nRa090
fn120
fn3150
NN2180
fnz210
nny240
nny270
MN7300
MN2330
nN2360
2390

nNj420
nn450

NRi4107
nNj440°
nNj4707
MNs007
Rhy5307
NNys607
fys907
NRyg207
nNjes07
NNyego’
nhy7107
NNy7407
nny7797
NNjgoo?
Nnjg3of
nhigso’
nniggo?
MRyg207
MNjgs507
NNy9g07
Mny0107
MNa0407
NMa0707
NR1007
Nnz1307
MNji1607
MNj1907
nnj2207
fnj2507
nny2807
NNz3107
NN73407
NN33707
NNa400°

NNs4307
nn24607

NNjs10
NNy440
Nny470
NNys500
fNys30
NNs560
NNys590
NNy620
nn650
nN680
nnj710
nny740
nnyq70
NNig00
nnjg3o
RNyg60
NNig90
fNy920
950
Nfi9g0
NN3010
NN7040
NN2070
MM2100
nN7130
nN2160
RNz190
nn3220
nn250
nna280
nn3310
nN7340
nN3370
fN2400

nNy430
nn2460
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= My4007

NNy4507
nny4g0¢
MRys107
fNys407
nNys70/
Nny600°
fni6307
NNje607
Nhie907

‘MRy9207

nny7507
nny,g07
nRjg107
nnig40’
nnjg70/
MMyg9007
MRy9307
NNy960°
MNig907
MN0207
MRy0s07
Nhs0807
nnj1107
nnj1407
nny1707
nNj2007
NNy230°
nnj260°
NNy2907
nN>320°
nRy3s50°
nn33g80°
NNz410°

NNo4407
nn470:

ni420
MNy450
fN480
Mhis10
NNis540
MNis70
nN1600
nny630
NNi660
MNy690
nny 720
nNy750
nny7g0
RNig10
NNig40
nNjg70
nM9p0
NNye30
MNj960
M990
ns020
MN30s50
MN2080
nNa110
NN3140
nna170
nN2200
NN3230
nn2260
nns290
MNy320
nN3y350
nNy380
NNy410

NNy440
nny479

LV 10729

MM14307
MNy4607
MNy4907
Nis207
MNisso?
NNysgo?
Mg107
MMig407
nMie707
My7007
nny7307
nny7607
Ny 7907
nhig207
hhgso?
Nhggo’
MMyg107
MNyg9407
MNyg707
MMa0007
MM70307
Rho0607
MMo0907
MMa1207
fNj1s07
nhs 1807
MNz2107
MNs2407
nfy2707
NN23007
nNy3307
nn360°
PMy3907
fM24207

Nygs0?
nn24g0;
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NNa480
NNas10
NN3s540
RNss70
nN2600
nN2630
NNo660
NN7630
nNj720
NNa7s0
nn3780
nnzg10
NNg40
nN2870
N2900
NNa930
NN7960
NNJg90
"R3020
RR3050
R3080
NN3110
N340
nn3170
Nn3200
fn3230
nN3260
Nn3290
MN3320
N3350
MN3380
MN3410
NN3440
fN3470

MN3500
nn3s3p

MNj4907
NNy5207
NNogs597
NNys5g07
MN26107
MNae407
NNa6707
nNa7007
7307
RNa7607
NN39907
NNjg207
NNygso?
NNoggo’
fN29107
MNag407
NNa9707
nN30007
MR30307
RN30607
MN30907
NN3y207
NN31507
MN31807
fn32107
NN32407
MR33707
NN33007
MN33307
NN33607
NN33907
MN34207
MR34507
MR34g07

NN3s5107
nnisqo;

MN2490
NN2s20
MNyss0
MNas580
NNy610
NN2640
NNy670
nN2700
nny730
NN2760
nNy290
NNyg20
NNygso
nNyg80
MNo910
NN2940
NNa970
NN3000
NN3030
N3060
MN3090
nN3120
fN31s50
NN3180
nR3710
MN3240
nn3270
N3300
nN3330
nN3360
NN3390
NN3420
MN34s0
MN3480

MN3s550
nn3sqg

-119-

RNas5007
Nys5307
NNos607
NNos5907
Nho6207
NNoes0?
fNo6g07
Mha7107
MM27407
nRo2707
NN3g00?
nNog307
MNogeo’
MNaggo?
NRo9207
Rho9507
NNz9g07
MN30107
fM30407
NR30707
MN31007
NN3y307

MN31607

Rh31907
MN33207
MN32507
Nhi32807
nR33107
MN33407
RR33707
MN3400°
MN34307
MM34607
MR34907

NN35207
nn3ssg;

NN3s500
MNys530
NNys60
NNrs590
NN2620
nn6s0
680
MNy710
NNy740
nnz770
MN2g800
NN2g30
NNsg60
MN2g890
MN2920
RNa9s0
NNa9g0
MN3010
"N3040
3070
MN3100
330
NN3160
MN3190
NN3320
N3350
NN3280
nN3310
fN3340
MN3370
N300
MN3430
3460
fM3450

MN3520
nn3ssg

MNas107
fNys407
NNys5707
MMo6007
fn26307
nR6607
NNs6907
nNj7207
NNy7507
Rno7807
MNjg10f
fhag40’
NNyg70¢
MMa9007
Ma9307
MNog607
NNy9907
RN30207
MM30507
MM30807
MN3y107
NN31407
fN31707
MN32007
MN32307
MN32607
MN32907
fn33207
MM33507
MN33g0°
MM34107
MM34407
MNie707
MR35007

MN35307
nn3sgQ;
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NN3s60
RN3s590
MMi620
MM36s0
MN3680

MM3919

MM3740
MM3770
MM3g800
MM3g30
MM3g60
Mf3g90
MM3920
MM3g50
MM3980
MM4o010
MR4040
NR4070
MM4100
MN4130
RR4160
MNs190
Ny220
NN4250
NN4280
RRs310
MM4340
MNy370
MN4400
MR4430
M4s60
VLT
MMys20
MMy4ssg

NN4sg0
nngg10

NN35707
NN36007
NN36307

" MN3e607

RN36907
M37207
MN39507
MN39g07
MM3g107
MN3g407
NNig707

- MN39007

NM3g9307
MM3g607
MM39907
MNgo207
MM4os07
MM4ogo’
D107
MR41407
41707
MM42007
Rf42307
MR42607
PNg2907
MN43207
NNy 3507
Nns3g0?
Ngq107
MN44407
MNgg707
MMys007
MN45307
MMysgo?

ANggg07
nnge207

MN3570
fR3600
RN3630
MM3g60
MN3690
fN3720
MN37s50
fN3780
RR3g10
MM3g40
NN3g70
MN3900
Nh3930
MN3960
MM3990
MR4020
MM40s0
MM4080
MNg110
MN4140
MN4170
MNy200
Ny230
An4260
MN4290
4320
Mns3s0
NNy 380
RNsq10
fN4440
MN4470

NN4500

NNgs3g
MN4ss0

Mys90
nngg20

-120-

= Mf3sg07 NN3gg9
MM36107 TN3610
MM3640° PN3g4¢
MM36707 MN3g79
M37007 "M3700
MM37307 PP3730
MM37607 MM3760
MM37907 MN37g90
MN3g207 MP3g20
- MN3gsp? PN3gsg
NN3ggo? M3ggo
M39107 M™3910
MM3g407 MN3940
MM39707 MN3g97¢
MM40007 ™4000
MMg0307 MM4030
MM40607 "M4060
MM40907 PM4090
Mg1207 Pgg20
MM41507 MMy1s0
M41807 MPg1g0
MM42107 M4210
MMN42407 PN4240
M42707 My279
MM43007 MN4300
MNg43307 MRg330
MNg3607 ™M4350
MM43907 MN4399
N44207 MNgqzg
MM4gs507 Plyygsp
MMy4807 MNgego
MMys510° Mysyg
MMys407 MMys40
MMes707 TM4s570

MMys007 ™P4g00
= NN4g30; NNgg3Q

LV 10729

MM3s5907
MN36207
MMN36s507
MM36807
MN37107
MN37407
MM37707
MM3g007
MM3g307
MMiggo’
MM3g907
MN39207
MM39507
MM39g07
M40107
MM4i0407
MMgo707
MMa1007
41307
MN4160°
MM41907
MMy2207
MNs2507
MM42907
My3107
MMy3407
MMe3707
Mas007
MMgg307
MMys607
MMyg907
MMgs207
MMyssg?
Mysgo’

NNye107
nngg40;
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NNs640
NN4670
NN4700
NNg730
nh4760
NNg730
NN4g20
ni4gs50
NN4880
MRg910
NN4940
N4970
MNs000
5030
MMs060
MM5090
MNg120
MMgi50
MMs180
fRs210
MRs240
MNs270
MMs5300
Ms330
NNg360
MNg390
5420
BT
Blgsgo
Mss10
MNs540
5570
MMse00
fflse30

MNge60
nnsg90

MN4es507
NN46807
MNg710¢
MN47407
fMgy707
NN4g00’
NN4g307
NN4ge0?
NN4g907
MNg9207
NN49507
NN4g9g07
MNso10/
NRs0407
RR5o707
Ns1007
NNs1307
MN51607
MNg51907
MNg2207
MNga507
NNgog07
MNg3107
MNg3407
ANg53707
MRg4007
Nf54307
NNg4607
MNg4907
MNgs207
MMggg07
NNssgo?
MNse107
MNggq07

MMgeq07
nns700;

Mhs650
NNs680
MM4710
MN4740
MN4770
RM4800
NNs830
NN4860
NM4890
M4g20
NN49s0
MN4980
Mhs5010
Mf5040
MMs5070
MMs5300
NNg130
MMs160
Mfs)90
Mfs5220
MNg250
MMs5280
5310
MM5340
MNs370
Mfs400
Mfs5430
MMs460
MMs490
MMss20
MRsss0
Mfs5580
MMse10
Plse40

MNge70
nns700

-121~

MN46607
NN46907
MN47207
NN47507
NNg7g07
NN4gi107
NNgg407
nn4g707
MM4g9007
RN49307
MNg9607
MN4g9907
MNgg207
MR50s507
Msog07
MNg1107
MNg1407
MNg1707
MNs52007
MRg2307
MMsa607
MMg2907
MMs3207
M350/
NNg3g07
Ns4107
MNgg407
MNg4707
MNgs007
MNgg307
MNss60?
MNss90 7.
MNsga07
MNggso?

‘MNgego?

nns7107+

NN4660
Nn4690
MMy720
fN4750
N4780
MN4g10
NNsg40
nf4870
4900
NR4930
NM4960
MN4990
RRs5020
Ml5050
MMsog0
MNgi10
MfRsi40
MMs170
MM5200
MMs5330
MN5260
MMs290
Ms5320
MfRs350
MNs53g0
Ms410
MMs440
Ms470
MMsso0
MMs5530
MMss60
"Mss590
MMse20
MMsgs0

MNegego
nns710

MM4g707
Mg7007
MNg7307
fn47607
MNgq7907
NNyg207
MNsgs0?
MN4ggo?
MM49107
NM4g407
Mag707
MMso007
Plgo307
MMso607
Msogo?
MNs1207
MMgys507
Mfg1g807
MNs2107
MMs2407
MNs2707
MMs3007
MMs53307
MMg3607
MM53907
Ms4207
Plzaso?
MMs4g07
Mss5107
MMss5407
MMss5707
Ms6007
MNs6307
FMseg0?

MMgegpi
nns7207¢
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MNg220
MNgq50
NNgq80

Mgg10 °

MNse40
MNgg90
MNs5900
ffRs930
MM5960
MNgg90
MNgo20
Rigoso
MNeogo
MMg110
MRg140
RNgi170
MNg200
RNga30
MMe260
MNg290
MMg320
Mg 350
MRe3g0
MMeg10
MMega0
MMeq70
MRes00
MMgs530
Rlesso
MMesg0
MMee20
Meeso
MMesgo
Rhe710

MNeq40
nng779

MNg7307 MRgq3g
MMg7607 PR5y60
MMs57907 MRgy90
MMsg207 Plsgag
MNsgso? MNggsg
MRgggo? MRgggg
MM59107 MPPsg)g
fN5g407 MM5940
MMgg707 Mhgg9q
MMeo00? MMgooo
MMeo307 MRgo30
Mgogo? MMgogo
MMeogo? MMgpgg
Mg1207 MNgi20
MNg1507 Mhgys59
MNg1807 MMg1g0
MMg210f Mg210
MMg2407 MMgay4p
MNga707 MNgaqp
MMe3007 MMg300
MMg3307 MMg330
MMe3507 MNg360
MMg3907 PNg3gq
MNeg207 MMgq20
Mgys0? MNgasp
MMgg4go? Mgago
Mes5107 Mgs10
MNes5407 MMgsqp
MMes707 MRgsag
MMes00? PNggop
Mlee307 MMgg3p
Mess0’ MMeee0
Meeg0’ MMgg90
MNg7207 PRg2p

MNg9507 NNgagp
nng7g0; Nng7gQ

-122-

= Mga407
Mgy907
MMsgoo?
Mfgg3g7
MNse607
MNsggp?
MMg9207
MMgosg?
MNs5g9g0 7
NNen107
= MNgogo?
= Mgor07
= Mgi007
MMey307
NRg1607
= MNg1907
MMga207
MNgaso?
MNgag0?
MNe3107
T Mhgagpi
MMe3707
MNgs00?
= Mg4307
MNeggo7
Meggp?
MNgs5207
Messp i
MNgsgo’
= Mge10?
MNgeq0’
nn6670;
MNeg007
MNga307

= MNga60?
- nngy99;

MNs740
Rls770
MMse00
MMsg30
Ml5e60
Rsgg90
Rh5920
MNs5950
MMs980
Mgo10
MNgo40
MNgo70
MMe100
MNey30
MNe160
Rhg190
RNga20
MNgasg
MNga80
MMe310
MMe340
MMe370
MMes00
MNge30
RRga60
MMg490
M0
Mfgsso
MNgsgo
MNe610
MMegao
MNeev0
MMg700
MMg730

MNes60
nng790
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MNg595q7
NNgag07
MMsg10?
MNgagq7
MMsgq07
MMs9007
MNg9307
Nl59607
MNg9907
MMgo207
MMeoso?
MNgago?
Mg1107
Mg1407
MMg1707
Mea00?
Rlgar3g07
MNga6o?
MNgagg?
MMe3207
MMe3507

MMe3go’

MMeg107
MNeaq07
MMgg707
Mesoo?
MNgs5307
MMgsgqi
MMesgg?

MNgea0?

MNees50?
MNeego?
Mg7107
MNe7407

Mea907
nnggoQ;
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MNgg00
fNgg30
MNgge0
Mfeggo
MNgg20
MNggs0
MNg9g0
7010
MN3040
Rn7070
nny100
nn7130
nN7160
nn2190
nn2220
nn3250
nn;280
7310
nN2340
fn7370
nN7400
nN7430
nN7460
NN2490
fNss520

TN

nN25g0
nN7610
nN7640
nns670
nN2700
nns730
7760
7790

nNsg20
nnygsg

NNgg107
MNggg0?
MNgg707
MNgg007
MNgg307
NNggg07
MNgg9g07
nR70207
NN30s507
nN70807
nN71107
nNha1407
nN71707
nn22007
nn32307
NN72607
fNa2907
nng3207
NN23s507
nN73g0¢
nna4107
Nig4407
NNs4707
NNys5007
MR75307
Ma5607
NN95907
NNyg207
NNog507
NNaeg07
nNy2107
RN29407
nNg9707
nR7g00°

Nn2g307
nn7geQ;

MNeg10
fheg40
MNgg70
MNe900
MRe930
MNgg60
MNgg90
7020
N3050
nN7080
nn7110
nN7140
nns170
200
nN3230
nn;260
nn2290
nn7320
N3350
nns3g0
410
NN7440
2470
fN7500
NN2s530
nNss60
MN7590
2620
MNaes9
7680
nn;710
7240
7270
nN7g00

NNsg30
nnyggo

-123-

MNgg207
MNggso’
MNeggo?
RNgg10?
MNggg0?
MNgg70?
nN70007
NR30307
MN20607
RN70907
Mn71207
Mhs1507
nn;y807
Mn72107
2407
nn;2707¢
nn33007
nn,3307
NR;3607
nN73907
nN24207
MNa4507
nNy4g07
Nn7s5107
MN75407
MNy5707
NN76007
NN76307
NNye607
MN76907
nn;520°
nn;750°
nn,7g07
76107

nn.g40f
nnyg7Q;

NNgg20
MNegso
MNeggo
RReg10
NNegq0
Neg70
nN7000
nN7030
NN7060
nn7090
nns120
NNs150
nN;180
nns210
nN2240
nn2270
N300
n7330
nn3360
nN7390
420
MNs4s0
MN7480
Mys510
nMas40
NNss570
RN7600
nN7630
NNa660
MNs690
nn3720
;750
nns780
NNse10

MNag40
nnyg7o

MNgg307
Mheggoi
NNgggo?
MNeg207
Mggsg?
NNgggo?
nR30107
"M20407
MN20707
nR71007
nRa1307
MNs1607
DNy1907
Nn72207
NN72507
nNy280°
MN73107
NN73407
NNs3707
MMa4007
NR74307
NNs4607
MNa4907
MNas207
MNy5507
NNasgo’
NN76107
NMNy6407
MNae707
nNs7007
nNgq307
nnss607

: nn7790;

nNzg207

NN;gs507
nnyggo;
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NNa880
NN7910
NN2940

RNag70 -

MNgooo
RNgo30
RNgo60
Rfgog0
MNg120
NNgi1s0
Rhg180
Rga10
NNga40
MNga70
Mg 300
RRg330
MNg360
Mfg390
MNg420
Mfgsso
MMg4g0
MNgs10
Nhgs40
MMgs70
T
MfRgs30
Rfggs0
MNggg0
Rfg120
Plgas0
MNg780
Mhgg10
Nhggso
RRag70

MNgago
nngg3o

nNag9o’
nN39207
NN29507
NN29g07
MNgo107
NNgo407
NNgo707
NNgi00¢
NNg1307
NNgi160’
nNgi1907

NNg2207
NNgasoi

NNgago?
NNg3107
NNg3407
NNg3707
MNg4p0?
MNgg307
NNgggo’
Nlgg9qi
MNgs5207
MRggs5g?
NNgsgo’
NNgg107
NNgggo7
MNgg707
NNg7007
NNg7307
MNgr607
MNgs907
NNgg20?
NNggso?
NNgggo’

NNgg107
nngg40;

nn;890
nN2920
MNa950
NNs980
MMgo10
RNgo40
MNgo70
NNgi00
NNg130
NNg160
ffg190
MNga20
MNgaso
NNg2g0
MNg310
MNg340
NNg370
MNg400
MNg430
NMgs60
RNg499
MRgs20
MNgsso
MNgsgo
NNgg10
MMge40
MNge70
NNg700
MNg730
NNg760
MNg790
NNgg20
NNggsg
Ntgggo

NNggi10
nngg4o
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NNa9007
NRs9307
MNa9607
Nag9g907
MNgo207
MMgoso?
NNgogo?
Rhg1107
MNg1407
NNgi1707
NNg2007
NNg2307
MNga607
DNgago7
NNg3207
NNg3s507
MNg3g07
MNgg107
MNga407
MMgg707
Mgsoof
MNgs307
MNgseoi
MNg5907
MNgga07
MMggso?
MNgego?
MNg7107
NRga407
MNg7707
MNggoo’
MNggao’
MNggeo’
NNggop?

MRgg207
nnggsg;

MN2900
Nn7930
NN7960
MN2990
MNgo20
NRgoso
MNgogo
fhgi110
MNgi40
ffg170
RNg200
MNhg230
MNga60
MNgag0
MNg320
RRg3s0
NNg 380
MNg410
MNg440
MNg470
NMgs00
MNgs30
Nfgs60
Mfgsgp
NNgg20
MNgeso
MNgego
MNg710
MMg740
MNg770
MMggoo
NNgg30
MNggso
MNggg0

MNgg20
nnggsg

MNy9107
MNa9407
MNa9707
NNgooo?
MNgo307
MNgoso?
NNgogp?
RNg1207
RNg)so’?
NNg1807
RNg2107
NRgag0?
NNga707
PNg3007
MNg3307
NNg3607
MMg3907
MNgg207
NNg4s507
NNgsgo’
RRgs107
NNgs407
Nhgs707
NNggoo?
NNgg307
MNgeeo?
MNgggo?
MNg7207
MNg7507
NNg7g07
NNgg1o’
NNggaq?
NNgg707
filggpo?

NMNgg307
nngggQ;

LV 10729
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NNgggo = "Mg9707 MMgg70 ~ MPg9go’ NRgggo ~ MNgggp?
NNgggp = ™gp007 MMgp00 ~ M9g107 MNgg1p ~ MMgg20’
MRgp20 ~ MMgo397 MMgp30 ~ Mg9pq0¢ MMggq0 ~ MMggso?
RNggso ~ MMgpe0-

3. The oligomer of claim 1, wherein the target-
ing sequence is comprised of a sequence which is com-
plementary to a sequence of at least 8 nucleotides present
in a conserved HCV nucleotide sequence in HCV RNA.

4. The oligomer of claim 3, wherein the
conserved sequence is located in the sequence of
nucleotide numbers from the 5’-terminus to about 200 in
Fig. 18.

S. The oligomer of claim 3, wherein the
conserved sequence is located in the sequence of
nucleotide numbers from about 4000 to about 5000 in Fig.
18.

6. The oligomer of claim 3, wherein the
conserved sequence is located in the sequence of
nucleotide numbers from about 8000 to about 9040 as shown
in Fig. 18.

7. The oligomer of claim 3, wherein the
conserved sequence is located in the sequence of
nucleotide numbers from about -318 to about 174 as shown
in Fig. 18.

8. The oligomer of claim 3, wherein the
conserved sequence is located in the sequence of
nucleotide numbers from about or from about 4056 to about

4448 as shown in Fig. 18.
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9. The oligomer of claim 3, wherein the conserved
sequence is located in the sequence of nucleotide numbers
from about 4378 to about 4902 as shown in Fig. 13.

5

10. The oligomer of claim 3, wherein the conserved
sequence is located in the sequence of nucleotide numbers
from about 4042 to about 4059 as shown in Fig. 18.

10

11. The oligomer of claim 3, wherein the conserved
sequence is located in the sequence of nucleotide numbers
from about 4456 to about 4470 as shown in Fig. 18.

15

12. The oligomer of claim 3, wherein the conserved
sequence is located in the sequence of nucleotide numbers
from about 8209 to about 8217 as shown in Fig. 18.

20

13. The oligomer of any one of claim 3-12, which is

a capture probe.

14. The oligomer of any one of claim 3-12, which is
a label probe.
25

15. The oligomer of any one of claim 3-12, which is
a primer.
30

16. A process for detecting an HCV sequence in an

analyte @ strand suspected of containing an HCV
polynucleotide, wherein the HCV polynucleotide comprises
a selected target region, said process comprisirg:

35
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(a) providing an oligomer capable of hybridizing to

an HCV sequence in an analyte polynucleotide strand,
wherein . the oligomer is comprised of an HCV
targetingsequence according to any one of the preceding
claims.
S (b) incubating the analyte strand with the oligomer
of (a) which allow specific hydrid duplexes to form
between the targeting sequence and the target sequence;r
and

(d) detecting‘hydride formed between target region,
if any, and the oligomer.

10
17. The process of claim 16 which further comprises:

(a) providing a set oligomers which are primers for
the polymérase chain reaction method and which flank the
target region; and
15

(b) amplifying the target region via a polymerase
chain reaction method.

20
18. A kit for detecting an HCV target sequence in an

analyte strand, comprising the oligomer according to any
one of claims 1-15 packaged in a suitable container.

19. A method for preparing blood free of HCV
comprising:
25

(a) providing analyte nucleic acids from a sample of
blood suspected of containing an HCV target sequence;
30

(b) providing an oligomer capable of hybridizing to
the HCV sequence in an analyte polynucleotide strand, if
any, wherein the oligomer is comprised of an HCV
targeting sequence according to any one of claims 3-15;

35
(c) reacting (a) with (b) under conditions which

allow the formation of a polynucleotide duplex
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between the targeting sequence and the target sequence, if
any;
(d) detecting a duplex formed in (c), if any;
and

(e) saving the blood from which complexes were
not detected in (d).
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ABSTRACT

A new virus, Hepatitis C virus (HCV), which has
proven to be the major etiologic agent of blood-borne
NANBH, was discovered by Applicant. Reagents for isolat-
ing, amplifying, and detecting HCV polynucleotides are
provided. These reagents are oligomers comprised of
polynucleotide sequences which are capable of forming
hybrid structures with HCV target polynucleotide
seguences.
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