HCV GENOTYPI NG AND PHENOTYPI NG [ 0001] The present
application clains priority to U. S. Provisional
wa\ppbios®ei on No. 60/983, 854, filed October 30, PCD0%2008/081816

and U.S. Provisional Application No. 61/043,020, filed

April 7, 2008, both of which are incorporated by

reference herein in their entirety. FIELD OF THE

I NVENTI ON [ 0002] The present invention relates to HCV

genot ypi ng ANAVIGENOYHYPING ANBWPHENOT YRINGAt | on

i ncludes, for instance, conpositions and priners for

anplifying an NS3 protease domai n of HCV. BACKGROUND
[00010F THE prdaNapONati@0A8nsHepalty to |S.SCPravisusnal WEplicatonNo.

o098 ERAE ORF PalBer A By7 w0 s et ARGl o MO YaRbMRD. e

April 7520608, B&f ol hEchRet ﬁfcbmﬁrﬁéwby RITREh&SRrQR ¢ ARARNfIRAAI NY
frame of approxi mately 9600 nucl eotides in |ength,

whi ch encodes a p protein of a oxi mately 3,010
am no acids. In |Wf5)éd? &F THE E\V RTJIQN yprotein is
cl eaved at nultiple sites by host and viral proteases

o0 PEREHEE o SR PR £ 408 R

inventdil N esydiEeinstpndeheompusiteme aps pmprsobeamplafythgomeNS3 protease
nbr ane- associ ated gl ycoproteins. The
domawcﬂ{@(tEYuctural proteins (NS2, NS3, NS4A, NS4B, NS5A
and NS5B) are enzynes or accessory factors that

catal yze and pa@tK&ROUN® OFPFHEINVENPIONhEe HCV RNA

genome. NS3 is both a proteolytic cleavage enzyme and

a helicase, to facilitate unwi nding of the viral
[0003beno&1@aﬁ1@s Cr@plSi(HéN)cman Nssioped paﬁtlwwééﬁ%nmmmﬁ\the

Flavixﬁ? %1 n@mals S g?%% %get Sé]i%{ld %Lg\?f‘iﬂ\{% geno Co)g p%%tgm pc{lantx and
compfide@nBopér RAdipg (ﬁﬁh%)ofa[ﬁplrohﬁﬁatbl@%Od agtlastetds yleh i, which

Wrl d Health Organization as a gl obal health e&edem C. ,
encodagp gelysdsip o semowmatn3 1) g %.féIdS\M Infinferted gellsethspolyprotein

is cleﬁ%{i K Elﬁlrt@%)&{eh tbg %OW afnﬁ VYIJa eﬁjoteggs% Fo%ﬂ&evuﬁlé%gcﬁfﬁ and non-

nic atitis ar i ncr ased risk
structaielV@NQ)pirotginsi ver cirrhosi s and hepatocel | ul ar
carci noma. End-stage liver disease caused by HCV

100047 oot St By GBI 11 oy SR i b ALy protin and one

or twd FAfbiRBtas®fcididVsly So @@ atl"ﬁgn@ﬁ Lt @6 epOihd(NS2, NS3, NS4A,
conbi nation with ribavirin, a broad-spectrumantiviral

NS4Ba$aA andoWeiBrare elryntes gi AesesIosy fretsirothgeentalye: andtregwdite the
1rephcaté%l(_)?fa%eég’f,ﬁ%[\]t hgeéliog}gn |}¥S3a RRGH* pro%eo&%lc c‘i‘eavagef enzyme and a

helicase, to facilitate unwinding of the viral genome for replication. NS5b is an RNA-

dependent RNA polymerase needed for viral replication.

[0005] HCYV affects approximately 3% of the world’s population (170 million people)
and has been declared by the World Health Organization as a global health epidemic. About
50% to 80% of those infected with HCV develop chronic hepatitis with viral persistence.
Subjects with chronic hepatitis are at increased risk for developing liver cirrhosis and
hepatocellular carcinoma. End-stage liver disease caused by HCV accounts for

approximately 30% to 40% of liver transplants.



i ndi vi dual s have a sustained response to the
treatnment. [0007] There is a great demand for

wo bh@vapeat i cs that are efficacious and safe  PCT/US2008/081816
alternatives to interferon or that may be used in

nterferon-c ai ni n nens antivi.ral
[00063 F ealherEnGgQld S‘ﬁn@%ra forcatntef ?ﬁmgmroaﬁléﬁfq% in
combinﬁﬁ&y@zﬁh rfb@VirinN$ bAAE S pectiunfhntRAQI E25E HBRERIr L @BE §eg§‘tﬁ€ln is
pol ymerase inhibitors. Inhibitors of HCV protease NS3
prolotgedeant eehwdléuéd:r@ipéd Futtherhordy epirokimatély hhlf ohgenoreeand CV-

. sel ect.i v S reas ounds have

infect BRI hf slatefieh RPRE A IR GuRBRR  on - of anti - Hov
treatnment. (See, for instance, WD 00/09543, WD

[0007P0/ OPRh8isanecMAcRah® 8 2Bcraphiitictithat Src@BRACIEAE Bhdlsafe alternatives
|ncorporated by reference in its entirety. % [ 0008

to 1ntq9@§?ﬁ pigth plrTB#¥ e usedan @t¢rﬁerpm@o@@m&g@sg@@s evsaal HCV antiviral

treatrﬁeﬁ?saatr?%néhn?&ﬁ l[r?anss ”fﬁ%rse }fﬂ%}/ eﬂtflc%qﬁ@%ieo %IJ 1 gltgr?ce eﬂgﬁotease
resistance 1s a nmj or concern ays a

inhibigesn eid pol;zlmvms&nh}blﬁolmtlnhléﬂuﬂstcff HCW mcﬂl&fsem Hame béwn developed

ir activity of RNA-dependent RNA pol ynerase.

Whichrgage gagén%lfly lai;]‘[évep'aé]grse Pl IFtQ}: 18 FSasQy% thase C(pmpunds have potential
for bePOMFRERSt obliYa it SF dnBiSHE VARt aESe%nﬁ)r sBankk, lﬁ\96*33’0(?/(‘5’9543
occur in patlents treated with specrfic HCV antiviral
WO 00H®5apend WE3 0069929, windt @asech hen¢ibincormratad bp ofyrcecaisets
. I nhibitors) as have simlarly been observed in
@nneb' ients treated with HV antiviral therapeutics. In
addition to devel oping resistance to antivira
[0008] he rla&ipﬂé Ffrc%@éss sRAeiih thealel MopAERIRIS b\ reatriéht | ﬁd)iﬁ; foSHCV
capabl e o vel opi ng resistance to non-speci
lnfect%p@twmf%ﬂmgﬁﬁlﬁw@tw e gagqichnessn FCSL displays 2 high (ggqletmrdngersny
o S B RRA oEARE 0 DO R BB e
of thetpoer fifalitprat efthe HEW pobniceises BEVsdrageesidtant pioatems are hkely to

inhibitors. This finding is simlar to that of the HV
occur gp pteatsdreafaqd withspeegic Iﬂ‘g&aaﬁwéal therapeadicheth, BIQIFALE PRAkREtors

and pglgﬁﬁfafsé g%‘lﬁo@%? al rﬁﬁvé ﬁrntlllaﬁy Hbé(lb@{s%éﬁpa{tfeﬁ% tfe%ted with HIV

Crease otypi c suscepti Ity to H 'V protease
antiviiah mebageonss [18@dd}iof keddvielopity osistpnavtio dtasvmhtlme&alms that s

speci%%ﬁg?%%%qgﬁig i~ I?IB% gsnrf:&?%ggf %]Vtg degtnrgglg‘gag(fee tpﬁlgn-spemﬁc antiviral
therapgcM&YukRAs fRdkddgn. useful , for instance, for predicting
the response of a patient to an HCV t herapeutic and

for determ ni ng HCV dr;gtre5|stance (e.g., protease
[0009¢r ygDFuEgESstarasey Profease petbigas isff perisulan gerrer ingalio studies

have s%o%%qgatl%ﬁlﬁgt&%ns 1? tkpelrﬁékf é%%t%gge c%ﬁ %Q%f‘gf ye%‘ Pagn?{&t r%f%gse inhibitors.
eenin ease 1 nh ors ctivity.
This fﬁidﬂﬂéoiﬁ\élrﬂl:ar'fdlﬂlal BMIENHIWrotease. In HIV, for instance, it has been found

that specific mutations in the HIV protease lead to decreased phenotypic susceptibility to

HIV protease inhibitors

[0010] The invention provides primers, kits and methods which can be used to determine
HCV genotype and HCV phenotype. The methods of the invention can be useful, for
instance, for predicting the response of a patient to an HCV therapeutic and for determining

HCV drug resistance (e.g., protease drug resistance). The methods of the invention can also



[0011] The present invention is based, in part, on the

di scovery of priners useful for identifying the
waaiwonypel of a hepatitis C virus (HCV) and on P¢EEUS2008/081816

di scovery of nethods for genotyping and phenotypi ng

. Accordjngly, the present invention provides. .
be usegﬂ{ﬁ@r%c?mtaal &g SRpFPR ?wr%mnﬁéwge,nﬂﬁ@ﬂ@a%e ippitors for
aCtivi@,nplifying specific regions of a HCV, e.g., genotype 1
HCV, nethods for determ ning the genotype and
phenotype of a HCV, e.g., genotype la or |Ib, etc. The
i nvention al so PUMMAKY At EHESINVENTEON ni ni ng t he
presence of a drug-resistant HCV. [0012] The present
j nv i.Qn i . ul at.i.o f [ .
(0011} 00 Ol R AV LARRS bR It oth B IO TEN B plliys ypotul fo
identifyotnthe Bub-iEtesof allRpait® €@ yed{HEW) ande@cihe @isco®ry of methods for
conprises a nucleic acid sequence encodi ng Met/Lys - .
genotypipg @@,phemp;y,p}n[g HCV. %ozdmg ¥y e prepet vepdemprovides primers, kits
A5k A ALy P i of eV, c g
Compc%} I ee:}glrﬁle %f éetai Y %r?ﬁ@?&tgg%@gggsé 2 nucl ei ¢ é%?dgemtype !
HCV secthedscfor detcmainmg tisegenotyparand pligwotype@fis/Y¥, e.gl gsnotype 1a or

Phe -.Leu.- Ala - Asp - 0013] .1 n, yet anot her .
1b. ctE Hon ORI Er O G EY Bieeo g Pge drugresistant
gcvsequence encoding Ala - Pro/H's - He - Thr - Ala - Tyr

- Ser/Ala - An/Arg - @n -Thr. In still another

enbodi nent, the conplenent of each prinmer conprises a
[0012hyc| Biapragsnginyegfirsrinevidacaopomdatamof prigers. - Thg gopatagion of

prime G gnkoq ity e K104 6B ad piREUR e “Bbeginihl spet ainer

compASIRrmuSiengadidigequéndd@hsodihg Mg/ Liyev €id/Gon- Thr/Ké oViydetle/Val/Leu -

[0015] The invention provides methods of anplifying a
lle/Alpadibgién ad il endadnagcacssliment. BesorRianas rasach primsr

i u _ _ C _ _ _

com TR 1R 18 BN R SO CAPLS0E TP
Ala —dopei Glyor portion thereof, a NS3 domain or portion

thereof (e.g., both NS3 protease and NS3 helicase or

3 protease an . portion of NS3 helicase), a NS2/NS3

100130 oy eb o R ERGE BT POReA D R AL A e
encodR) AjaQrPrb/raS €0fe-— TIRO1RIa ThE: 1 BMEAtai 001/ Al UGES—Thr. In still

ampl i fying a HCV Erotease domain using a first and/or
anothegreqrahrodimeninitic gompleimeat ef cach pymer eerprdicse muclgic ackiesequence

L nventign, second Q 0 Lmers(i,.e. x,.5e6pnd
encod G <SR LR R RS- SR AMET LS g oy T8 Atarva -
Ala/Agppl ified using the first set of prinmers. For

i nstance, the invention includes anplifying a HCV

nucl eic acid encodi ng a protease domain using a first .
[0014} oy 3gpthst srreUMEBHA KitsPA ipiRE ths Rringess @f thediesntien is provided.

encoding Met/Lys - Qu/dy - Thr/lle - Lys -

[0015]r|h :5/ 'M?é ihk-&Hion PrdREA dethod B Hplifyind b RULKR RRFeresling a NS3

HCYV protease domain. The methods of the invention include, for instance, amplification of a

nucleic acid encoding a NS3/4A domain or portion thereof, a NS3 domain or portion thereof
(e.g., both NS3 protease and NS3 helicase or NS3 protease and a portion of NS3 helicase), a
NS2/NS3 domain or portion thereof, or a NS2/NS3/4A domain or portion thereof.

[0016] The invention includes amplifying a HCV protease domain using a first and/or

second round of primers. In one embodiment of the invention, the second round of primers



Tyr - Ay/Cys - Lys - Phe - Leu - Ala - Asp - dy. The
second round of prinmers can conprise nucleic acid

wgeegapswes encoding Ala - Pro/His - He - Thr -P@&I/ES2008/081816
Tyr - Ser/Ala - @n/Arg - An -Thr and Gy - Ser -

) dy/ - Lys -.Ser/ Thr .-, Thr/ Asn -
(ie. Sﬁ?%‘ﬁ eﬁl%lm%qd withipdhoaysleie e@iﬁgl%@nﬁfﬁ%ﬁr %9%&? %e&rtaat&f
primePE tflrlﬁ’ %taﬁlfce aHP iﬂvfeﬂ(ﬂlcﬁgln@luﬂé’s‘:alrﬁblff ﬁ‘l%'aq{@@mkfelcf a[c@([ré&odlng a

sanpl e of a patient infected, of Suspected of being
protedspflemnmdising & firsHOUNd of plgnmm@omplrlﬁmgsmolfelot doel $equentes orroding

meoty§ - SHGIT PIBVUET do G Gt Al Bpect RiS o TR Rt GRS - e -

Tyr — A% S- Lylsn- BHeot har — aspe @lsp afGItyh The RY@RH ir&ihd @fp'f@érs can
protease domain is anplified using genotype specific
compﬁ%mm%'g@md aepIcReds gBeasling Ala)relim&h@ra lgr Ata off vt h8er/Ala —
ot
o AGERah A e P O E?%ofg?Tﬁ{*PW/A%SS 2% - v
Pro —Wda/Ngl t Ada/pep.ners of the |nvent|on to genotype a HCV
based solely on variations in the nucleic acid

sequence whj ch odes t e NS3 pr.otease domain. Th
[0017] ny et igKent weuﬂv‘éléie ity ﬁalphg\}“%i'/nﬂﬂﬁlicé‘n@ Saespaf rom a
samplR@$ g%aﬁ’@{t RS kR? ge&e& BELARS irfEeté, wifAFFCV using the primers of
anplification, sequencing and hybridization ne@h g
the 1nu@1tm>g i enqompnﬁroi thof iny ¢reionnw BATV profeaf@ddrddin Ilsnampieﬁed using
di nent. of the inventiaqn, HCV gen pe
senor i BPTRE G PYTHG: dharahoasRiEAL g hEoRaHCY
proteddt @bRamss RPBIifd uf 104 géﬂ%%}}%%?@ﬁlﬁé A&n u&g&eh&&&m&gl W?@[ another

nmet hods of anplifying a nucleic acid Tragment with
aspect ¢fethp ryeeeye adimdiprotefse ﬁh@amava@mhﬁ@rbu%ngdmke@nuqlmc aCId
plqme?senot ype of the HCV based on the sequence of the
ragnent. In one aspect of the invention, the genotype
of a HCV is determ ned by anplifying a HCV protease
[0018¢l ot is possibl W@aRahy pemosrofsipeiaivEitnde gemeymt €HOM based solely
and sequenci hg the anplified nucleic acjd roduct In
on vagafiang a thedmeleic ssid saqacncsdheh gigod %Snt@ B@%d?tr?/tﬁ%% mginyFhe
inventiSh ﬁ%fuﬁéﬁ%&ﬁggm BOR! iy i ReilfoYsRRUERRKNIQARA fhe art (c.g.,
usi ng gen gpeC|f| C non-degenerate priners an nd
PCR smepluencbmgetiracmgpringd hiybddinateinenethads) dsipg dltupimersof the invention.
I nst ance, using the nmet hods of the invention, HCV

001987 BE SABBE. St GRS DY SOUPRLLG S LB by |

ampliﬁyi‘ﬁ%&{d/ 6&6&@1{0{1@(13@}\183@@0%5% Qotlaf Fr %t@fc@\/thg fention includes
net hods of determ ning the presence of a drug

methqds of smphfyingaynudceig aciditrp gmm @ﬁhl@ the Plh?tfljé%@tfyfpé of thadiCV and

t
determfﬁm%ntﬁeggnﬁ?ogg%emﬁe HE:VEI? | ca | b ne sedu eélg% Hg}heﬁﬁagglc gg In%'%gaspect
of thefinagidntthe gmﬁymﬂammdm@mﬁaﬁ@ alaphfyimg@nHCV protease domain

usin detern1n|q the(Presence of a nutation associated with
£ gPRRYype non specific degenerate primers and sequencing the amplified nucleic acid
product. In another aspect of the invention, the genotype of a HCV is determined by
amplifying a HCV protease domain using genotype specific non-degenerate primers and
sequencing the amplified nucleic acid product. For instance, using the methods of the
invention, HCV genotype can be determined by comparing a target sequence to sequence(s)

of known genotype(s), ¢.g., 1a and/or 1b HCV.



resistance within the fragnent. The presence of the

mutation is indicative of the drug resistant HCV. In
woer@estodi nent, the anplified nucleic acid enPCT{EsS2088/081816

mutation at position D168, for instance, DL68A and

1 The nuc eic acgid de addi ti onal
[0020& TVIiledﬁge&twata ©dree ewgtggrise%fc d%feawegng thsdrergneset aslive
remsta[h@'Hd\l’ a4 el%]paﬁeﬁk‘(x%' ?ée 1 gﬁs\fggfgd)srge' Qo dfthemBtht %r&ence of

6T ‘and 6S) and 9., I'n one exanpl e,
drug rprlsuaetrHCMa& ﬂ@teamdecbhﬁ 3®phﬁeaﬂoinlméd munlemrrbfrgrﬁem ancdsléng the

used t |den t hese . dru tan
N3 g G el R PR O T4 bR s iagavigp arue
resistdfRE MHD{fheQﬁl BicH, W@r&%ﬁc@@ﬁﬁ@hﬁ@aﬁloﬁfls hdieMvE 6f @Be drug
pr ot ease actrvrt he met hod conprises cloning the

rGSIStemSéICpY of Iea@eenmmwtome ravlified Bucieis aeid enroflys wawttefton at position
D168 ﬁ%gﬁrrs{aﬁlcg ) I%SQOAT%QW%S%pt Tlgeenu%%fé) %Al&] gnagreﬁcr?({e a]%{tl%nm%{utatlons
ahe 'assocCl a el NS ahd a secretable

that cmefplocrmg res{arge, maluamgrlaxtabt Bmited tof mnaeengaamsatlﬁfsinonls [A156
mbodi ment, the screenln% vect or i ncludes max
8

(e.g., ﬁdﬁ@ﬂé A ALPEN) and P 48§43k i 1B 0PA @X%mwrﬁgeraﬂ%%%am Rh4038
4 r

describ8in EEhANe 2 8allbg n o bRl b rélivant Sl et fond
secretabl e | uciferase reporter I n anot her enbodlnent

[0021{ he FElorieeeritiog fu@hﬁTQ)IrO\'ridﬂSI Metéo&l@f/dmihblgith@pl@powpp of a HCV
4B, 5A, 5 . ISt O ac

(c.2- Bnsedt dapav it nphol 2B sfoni g B ke AMaifor eV

into a QBRI FRBiter édﬁ%rﬁﬁfgeﬁﬁﬂl?ﬂlc‘i’&ﬁﬁi@ bnddaed UstRr eYe N%BJ membrane
Hel i case, he first 6 am no acids of 4B

assOCiatiBg Brosuey @tdaﬁﬂeérdtabéﬁr Yepprierd c o porerstablel 1n01£qrasre|rewer) n one

embo 08 EIS ¢ chegeggn &@Eo}i glcl?lgi’&i %na?(len%rﬂ?]ﬁél%% ?f; Iiltgc grgﬁ%ne associating

prote1a§ hlttsw &l in 3Ky varest, agSear eBaddes A (s f ®rmisemize perddats non-specific
[ 0022] . The screening vector expresses a pol ynucl eotide

backgegipddioig stanel) e 2 sedelablsdudtontse icpasise brangice cmbodiment, the
scree@ﬂ?b%dﬁ%wﬁélum%& I\%)ﬁﬁbl'?csas% %PQ 48 %@3 % ggﬁf\%g aflﬂt\no égds of

a secretable repor mheré
5B), and atseasbltdo@ifarascap@ortr. oy ahlﬁh{eﬂ\&ﬁmimemsthe aodeiiihg vector

} e I reporter are o | i nked. he. NS3

mclucfrﬁ %@%@&M?ﬁ .45 r“gﬁ%izv ﬁﬁ rst ﬁy angino acids @56&@ pgl ypecretable

luc1fe‘Pa.|s§ ?éﬁoﬁgr tiA&tiR %V ot 'eﬂlbo&hﬂ?enf Qlﬁ’é)é'ctféaéhn{gevegto’r includes HCV NS3
[ uci ferase) is cleaved and secreted. A signal fromthe

Helicasect At Sefpag.1tbe ficsb dpenel e¢ide oA oandsi sterctible Ineiferesd reporter.
in the presence of an appropriate substrate (e.g., a

ucl f.e€rase su
o022} 5 {1 208 RRRRL Sl L, G R PR, AR
domamNend HrusoRQiddB@aLIETEd N$ démaink . HONSG dpdibhe, DA, 4B, 5A) and a
rodu0|ng a signal outside of the cell). [0023 I'n one

sccrciahlB SENORER (M hsFeit Hie N BROYS0 dorgaipiorne oy mays [FHt e AN Sedpgnains, and
the se %{a%?é’]r%g?gté}rarég[ze?%{7 'hﬁkéd ¥ NS E&%éa?%@étﬁéﬂh% functtl%nal 1.e., 18

IC SuU as” a prot ease I n
capabd}mfp:rleasl&% tat polly pptein NESrapotie@se lﬁi@fmzltsle) Bfcldaked and secreted. A
signal fS rom t %e secrl_egcli rleEotr?er cat? lge Seetgcltgcg 01\1/t(sel(czie of the cell in the presence of an
appropriate substrate (e.g., a luciferase substrate). If the NS3 protease domain is not
functional, the secreted reporter is not cleaved and thus not secreted (i.e., is not capable of

producing a signal outside of the cell).



descri bed herein (e.g., a screening vector conprising
a pol ynucl eoti de encodi ng HCV NS3 Hel i case , 4A, 4B,

WG 2095B0e. g. first 6 am no acids of 5B) and aPGCHUS®I&0B1816
luci ferase reporter). Transfected cells are contacted

ith a candidate t apeut.i c .as ot ease
10023, i opg eI OF o TRE e e i ol g SereEned for
susceptiffBRE UHEV ahfiGirNER S 35S ég%elﬁot%é’ste 1ﬁﬂnﬁﬁéﬁe TH€method

secreted luciferase reporter and the secreted
comphmsud@mgzeNSé W@@ﬁ dogamof thespktaddICBusle asscrastningd ectan

st ance reclinic cree
deserife B Sinds e ot g Pt iy s PoSbEdiaeR cESHBIHE Y N3
Hehc@sepalA' 8R! SAM i (er LI FarhBoAc|of SB}IM‘H a @okdtdd Tudiferase reporter).
t her ap eterm ning whether a patient is

Transfogsilgrlpercen G AN IR P Cohel Sy proBRsERhibitor, 17

the Heg‘sf Cﬁ%gét dleg: tih%- FIE %R@% N%E{EQ 8?qﬂeasg g rneot %l ?{rjl o‘%@ ?creted

lucifeel®t edpatrtat agl the sec&ttannﬁlfafasd-l@yo@éitlan@t@écﬁewdmsaclp aftnegidd. can be
[ Q025] Figure 2 shows an exenplary reporter system
useful[ @Uzgqtarmeg@r aregligigphpstaspids of ygmﬁ@u% donanfigi gl acvify tdgtermining
wheth@ﬁé‘pg QWA PR 3‘@({ {o ag%a?ﬁmﬁz{r thl{rgqggrll%F Y H@teﬁfmﬁﬁ%"\@hetber a
enotypl g ass signal variation across
patlelﬁ@-mbﬂantﬁb atpartiqu0 28fiviFl ghergpys shows t he EC50
vari ation of the sane NS3 sequence using the

phenot ypi n [ [ | ow chart
depi cting gﬁaﬁ%‘gﬁ%ﬂ%ﬁ%@{ﬁﬁ@g\%ﬁﬁé ot ocol
for a cell-based reporter assay. [0030] Figure 7 shows
[00241 he TigmRLIYMoNG adlisl SN piing @x&thplaRestdis\d fNPEtRé Db RRS@ mining
domai n usi ng exenplary prinmers of the invention.
resistgnge 9 HOM ghfpi@cd friofoheaticRe ani no aci d conservati on
anong genotype 1 isolates in upstream priner, U3276.
00 [ id conser vatl on
[002553 Sﬁkulgnzg%ﬁ ;[/’SVS%?E%?@%@S%@@?rggm@@t ream primer, D4221
[0033] Figure 10 shows the am no acid conservatl on
[00263nD ngggeriothppe phendypiag esay resulbs itk &N A fiomea 96-WBA2Tini-Prep.
[0034] Figure 11 shows the am no acid conservation

no eno el isolates in ream prinmer ., D4038.
10027f GO FBEHE EIPES 15 1R BB e’ P HRE T REh By o e
assay using genotype 1 a/b non specific degenerate
[0028pr i NEEGre 5 shows the EC50 variation of the same NS3 sequence using the

phenotyping system.

[0029] Figure 6 shows a flow chart depicting exemplary steps of an automation protocol

for a cell-based reporter assay.

[0030] Figure 7 shows the genotyping and phenotyping of the HCV NS3 protease domain

using exemplary primers of the invention.

[0031] Figure 8 shows the amino acid conservation among genotype 1 isolates in

upstream primer, U3276.

[0032] Figure 9 shows the amino acid conservation among genotype 1 isolates in

downstream primer, D4221.



[0036] Figure 13 shows the results of phenotyping
patient NS3 clones. [0037] Figure 14 shows the
waegemswes of the |a/b-specific non-degenerat ePQF/URINS081816

[0038] Figure 15 shows results obtained with genotype

al b- speci c non-degenerate prinmers. [0039] Figure
10033 slﬂswg‘ lﬁw@owwﬂ&aﬂe? ?lﬂi%we&aﬂpﬂ@Hwﬁgﬁ%ww%blsa%«g%yn
upmﬁgﬁ”%ﬂﬁminggfﬁjon: [0040] Figure 17 shows quasi-species
analysis with clinical sanples. [0041] Figure 18 shows
the conparison between popul ati on phenot ypi ng and '
[0034¢| onERusH EbeYpiepmipgedid comegation 2osp garotyPrat isplages in
henot ypin ay reports potencies against variants
down§r§HUW¥|%ﬁgmg§$n vitro resistance studies. [0043]
Fi gure 20 shows the characterization of in vitro
[0035] dentigfiiceld shubs thetrgbul QRS a wshstgpihpasdah esiag pphdtgpas sdyhon-
.in_ a mxed popul ation anal ysis . DETAI LED DESCRI PTI ON
specifisdrgentraodsiEnstht i on [ 0044] The invention incl udes HCV
prinmers that are capable of annealing to a HCV nucleic
[0036RCT drigReadi MGwORR 24 1HTRF BhNSR, HRIRIHS NSBRIgnay ent i on
al so I'ncl udes net hods of "anplifying a nucleic acid
t hat encodes one or nore NS3 domai ns, nethods of
[0037fenofigpicnd, shewg the ssqipeeroefythe hafbisoncifiernemdezenofate primers.
detecting drug resistant nutations and net hods of
1003871 eNALR! BBy TN GOTBOR itk QRS ADT ATRLNEER rh deDnerate
nventron-are based, ih part, on e findi'ng that
primegeneti c variations within viral nucleic acids encoding
one or nore NS3 domai nscan be used exclusively (i.e.,
wi t hout know edge of varjations outside of the. NS3 :
[0039p otlgute lr?oﬁwew %etrspr&éw el @Ha@%&%@sw ofjagyinvigesion.
susceptibility to antiviral therapy and HCV resistance
[0040§ O afo@RLITWhERS qhAEKAREU LEIyEis with clAdAOamdlQ045]
nl ess defined otherw se, a?l technical and scientific
terms used herein have the same neaning as connnnlg
[0041]indriguisdd showe the aemperisimbaty cgkpapulation phenadyping and clonal
(xmhgh this invention bel ongs. Al though any nethods and
et &rials sinmilar or equi val ent to those descri bed
herein can be used in the practice or testing of the
[0042pr eskigtirei I9whovE et tHehphepstepiap nedy ngione getcatids aEdieyt vatists
) .are. described. Definitions [0046] As used herein, the
1dentlg%‘$}ﬂ s resstanggptidisaxi mal  ef f ecti ve concentrati on,
refers to

[0043] Figure 20 shows the characterization of in vitro identified substitutions using the

phen

phenotyping assay in a mixed population analysis .
DETAILED DESCRIPTION
General Description

[0044] The invention includes HCV primers that are capable of annealing to a HCV
nucleic acid encoding one or more NS3 domains. The invention also includes methods of
amplifying a nucleic acid that encodes one or more NS3 domains, methods of genotyping,

e.g., subgenotyping HCV, methods of detecting drug resistant mutations and methods of

phenotyping HCV. The compositions and methods of the invention are based, in part, on the

finding that genetic variations within viral nucleic acids encoding one or more NS3 domains



the concentration of a drug which induces a response
hal fway between the baseline and maxi nrum EC50

w0 eoeseat s the plasma concentration of a dr ugpCEUSI0&0R1816
to obtain 50% of the maxi mumeffect in vivo The term

" or. the half ma |nh'bitor con
can bg %ﬁ%ﬁ@é@ﬁf@ew@e B HRSREPAY <gHC BF P Owl F RhBN S Brotease
m01et§1j"t%tde'te?m'hfeQHé Q@rg)u(~I of Y Hb‘\/béuﬁée%ﬁbﬂf@y W diiQiral B844Y and HCV
used herein e term™"gene" refers to any segnent
remstan‘ce BNA arsbire] tiedewtict ( eadbiga ogi cal function. Thus,
genes include, but are not limted to, coding
eq ces,and/on the requlato es. J.egy
[0045? hei Irlllg%spdegiélgcli {hervgé 5 aﬁq calllﬁncg{ In >SS sc%nf A& & qLeTms s eedxh ] %1§1§1é186 the
same BI¥4niag @ﬁ&cﬁhﬁloh@aindelfswod%&&ﬂiﬁ e orcﬁﬁrﬁblﬁﬁﬁ@ﬂf@ drt ©®MWhich this
sequences for other proteins. Genes can be aobtai ned
mventl%halangﬁa Althoyel ansmathedsand materials sgnigr o paigvalew e ghose
descnﬁg&'g&gmg n'b@tug&?ﬁtthé)ﬁr ééf&t&‘%éénﬁg %gde %thﬂﬁ%’h&%ﬁl, the preferred
predi cted sequence I nfor mat y I nclude
methele gué naesiatbest desedbéd have deS|red paraneters. [0048]
As used herein, "genotyping" or a "genotypic assay" is
dg%ernination of a genetic sequence of an organi sm
an organism a gene or a part of a gene.
Such assays can be perforned in viruses such as HCV to
[0046? et ex§ifd Hehgn, lthk et eed, thabifanaihiegfecd Lonc&RRRIBE, refers to
avorably to a particular treatnent. Such assays can
the coap@érab@n o6 fiowrmehich iddeeser renaasalvdfwrsr bariees the haseline and
S| re
rnax1 %gre\%rita th% plllfgsn{a, ﬁﬂ&?)%n?%g}&é ?f g .dpu ?(iuq}ed tL %Q‘[A&W of the

rnax1rhi$3 eﬁﬂdcﬂ iBiviveaclihd tseg UE]}&’Gorfth@Halﬁm[aﬂﬁm& ihilfitorg cono@ntratlon
clinical HCV jsolate). The HCV cassette nmay optional
represepigtths pngeipsioniof aé&i&)oréﬁ]élbﬂ?frf@atdél Hauireeh for 3% w@%t%m vitro.

For exanple, the HCV cassette maycontain NS3
r ot fona; l<d p>

O o o e e BT e ST g with
biolodeal dinction hdhtus Igﬂmé'sllscdhtﬁ bdt' are @beligit¢dtoy codahg sagobmics and/or the

1ac:lds or rotel oI I nt er est tgat are rafed from
regulafory| SEQHCGYS TSRUEIIRRTTEY FPTeSHPL oY NS &P g“r? ogrgraressed
DNA \éég’tﬁén@ﬂhﬁp aeRhs (eefcﬁm reéﬁﬁhﬂ[on@eﬁﬁ&ic@§fo@ bt GoRdifs. Genes can

acids). used Rereln i sol ated" nucleic acid
be obf@mdeﬁ’ma vetiady of smlr@@smm@luelm il &eqlweﬁwecemful@threstsor
S nthesmn al lné nroelre i teéheql nc%clh oI " aocﬂ Ind FAY SIS sequences
M 3?”1 A4t ABBUT 5a)5ure ré?efa y fraginghidesea
demgﬁﬂquhaé@&%ﬁ Fmaﬁ@&ﬁ;preferably about 60% pure, even

nore preferably about 80% pure, nost preferably about

90% pure, and even nost preferably about 95% pure, The
[0048 i fgwﬁi heem. a geRptyRIBg efic? ag@pa@p@é\ssqae l%fi@?fﬂﬁlﬁ@wn ofa

genetft: Sg? ucnPY o%@éﬁs&% %eﬁjt 8@51{)%%%@5&3& epeigta ta nogtg%gne. Such

el c acl d Sequence can tain
assaysémmmrﬁonnccémunﬂsewmd ab Rl(Qé tredatamemgtho ddkelibmgdttivat a subject
will respon(f avora‘t)[1 eto rellup%lrt?clu alratllg:elatcrjneS ?qguch assays can also be performed to

determine whether mutations associated with drug resistance are present.

[0049] As used herein, the term “HCV cassette” refers to a HCV NS3 nucleic acid
sequence from a patient (i.c., a clinical HCV isolate). The HCV cassette may optionally

contain a nucleic acid encoding additional NS domains. For example, the HCV cassette may



fromits natural location to a different site where it

Wi || be reproduced. The cl oning procedures may invol ve
we@bmeswal and i sol ati on of a desired nucl ei c arCTIUS2008/081816

fragnent conprising the nucleic acid sequence encodi ng

tide, ertion of fragnment into a
contalps Eprolbre dpmiinglof %E%‘FIBBPQN@#G[}?& REMARCASHAT 3H oF a portin
of NSM&ctor into a host cell where nultiple copies or

cl ones of the nucleic acid sequence will be
replicated. [0051] As used herein, the terms "nucleic
[0050hci dAS useédieméhfet@tmdeﬂolatedo Ir¢fgesria sitelonicliec acigddor proteins of

" r |b0nucleot e
1ntere§tip[[6aot r%laec Teé)oli e efgonall ﬁl 8?1mc¥f cnnepﬁeé g éb)jf Ol%,hseélil and/or other viral
comp&en€od Rl etisdr %’[Qﬁ@i of MidRic 1E14S). AMhesd hél@{tyd@dlsd)lﬁted" nucleic acid

polynucleotl the nost conmon naturally occurring
SeqUeRFRCISHITN Y Wf‘éeﬁqlé saqugpes whish ésgsaeraiglln dref of pibgsnucicic acid

sequeﬁlgeg N g él211.(1’/'\35 Eﬁﬁ?b‘?’%}%@%ﬁf%ﬁ%&)ﬁ%ﬁ%{gg %ae ut out H@y g}uﬁ??{oﬁ preferably

about r69% piﬁe ndveh h&)rtpplrelfemlﬂy @Bowar80G) prandmyt Iprdfﬁstdbly%oﬁ@(l% pure and

even qnthtpée e@% t Vg‘lg‘%q]{o;g% loftetcpeurrléyla {esg teq%ig{]utp%}cea‘p%s eerln be deterrmned

e.g. Hf'yea%ﬁﬁﬁg elsele%tro&&Emg: ARWOIPES nud e aﬁH@ RRE <Pc1tn beMbtalned by

g a nucleotide indicates that the nucleotid
standdrd ctmmgpreda;dumsglsed m\den@id er@incandg Ttelavdicdht srudeic a01d sequence

from (ol o B o BrRREC Gl AELAS s ity g LS toning
proce&(lﬁl@é i)a!ﬁ? involkfe @Eﬁsldﬁ%d'1&dﬁt¥o%%ﬂa%es@ed—1%‘e@g adily ‘fﬂagin@n%nﬁbnsmg

Unl ess specified otherw se, single-stranded
the nuglei¢ did semsicecosgoding e nalpepbgy. e@@ﬁ dlae Bagregnt gyo gfvector

moleca?elagci }n% opalﬂo%volf ﬂle %eor{lblaarﬁ V%CtOI' %nt rnoset %EII gvrlllere[rgol%p% copies

ess O erMASG I'ndl Ca nucl eéic ac

or cloB&BIANE Bud¢is acidBpducatd Will E@e@mﬂe@ es conservatively
nodi fied variants thereof (e.g., degenerate codon

substitutions) and conpl ementary sequences as wel |
f q

as,
[0051] e %%Hﬁféﬁl@ée“é)zﬁ 1CEDS |1§pc AerEDt aolyg%gqt;dleé’ “olhgonucleotlde and

“orim@BGERe [@&&)xgﬁg&ﬁcf&dgéés‘ c}rm)'oﬁ t(ﬁgﬂét Ell%r g&gfn%%éeﬂergéff in either

generati ng Sequences I n sition of one
singlepor daurbde-stedneed éwm( oFhua) wmen:mdkwded inSa mlblatdldwnﬁe,dhmnmbt common

ed- base and/ or jx%é |nos # Bat zer Ft al . .
naturl S PR PG LG REE e gD BGu e Sty gpaape (). Suanine
(G), céfébgﬁé)(C)] thyrBin@l(T) Qﬂ%c@@@ Zﬁ Q@dﬁ@@ ahe Qﬁ@l%(ﬂ arif YQEpresent the

Rossolini et al 94) M . Probes
purm@ (9101@8)) andTiysintidings ({uet ”5) cesa@qtryelys I}gé@tter K represents G or T; the

letter g%pe t& hgsgg g? EA% 3# le‘rt%ésrqet’sprefsr%nts éeﬁ eorr'q? gge %ué)eécnpt “M”

followif@ b @lcltbidde malc@tbpﬁﬁf tht @utidetide is evdifdd, t Ige AMCGM ©M and TM
acid nol ecule as conpared_to the regi on on t he nucl ei c
indicajea grodHipd dgnipg %lémamﬂymir@cﬁndﬁhmmsneﬁ@aﬁwdh Fsgmplgnof

t
ot 150 ST A RSB AR, s
specifi@inphdradset cinglostrmedidaicic ddiesaqueheek arcatcpdsdnloat asiassetios of one-

e .. . . .
letter abbreviations in a 5'->3' direction.

[0052] Unless otherwise indicated, a particular nucleic acid sequence also implicitly
encompasses conservatively modified variants thereof (e.g., degenerate codon substitutions)
and complementary sequences as well as the sequence explicitly indicated. Specifically,

degenerate codon substitutions may be achieved by generating sequences in which the third



anplified. [0054] As used herein, a DNA segnent is
referred to as "operably |inked" when it is placed

WO ndo9/0s00tunct i onal rel ationship with anot her DNAT/US2008/081816
segnent. For exanple, DNA for a signal sequence IS

. .opey abl li nked t encodi ng.a.fusia otei n of
posmeﬁef m%ﬁmrs ﬁelﬁ‘ffteﬁ? forjall) g stifuted wif fiiwaﬁe PRider
deoxy%siﬂe%m&fmheeﬁael %mlwmmcnﬁegf ws(sm @'h%ﬁh B% al&(1985)

prom)ter or enhancer is Opera Yy l'inked to aco |ng

J. Biog €dheam @60:2603-26@; iGasdohted. (1A82), Rassobini ¢tal. dhOYE) MaleCell. Probes
t. hat bl
w91 BR g b Rt e AR FRNERET i R Ry

enamgdgphgﬁﬁ@tlde sequence is "operably linked" when it is
placed into a functional relationship with another

| ypepti de sequence. Thus, in certain enbodi nent
[0053||r;r ot SR IBSIEAFUEHEY aeﬁ@nally bingp & apigjon hatds gloser taﬁl%ﬁ -‘neqnd of the

i

nuclel\ggagfljierﬂglg&ﬁg #? F&ﬁ%dré Cd e atlﬂg ?%é&fé(g{g% Iﬂglglgic%%}dgt?lg% ?siﬁen am%hﬁed A
downd;tmsd praner, pe fici ddiecrthand] genemhe binide kedl rerg&m thales skeqe:rea ¢le 3’ end

055] As used herein, "phenotyping" or phen
of theaglglgy) aCfimefeguke&S FRMRYAL (hhededion A Hiedyiclsite A F {3t 15 to be
ampli§P@racteristics of a HCV virus, for instance,

susceptibility to an antiviral agent and/or antivira

therapeutic resistance. Such assays can be perfornmed
[0054] 0 eds a&ﬂdiherﬁlm@lﬁérseg@cmas referuiedatoi s riepaslelp dinke ' dviwintihis

placo g BB o TR R E R S SRy EpEF A fora

signalCGRiRaR e JRESHRANIRM t8 DNAGh& fusidh oMo fakd Bhvention if it is
resi dues |inked by peptide bonds. The conventi ona

expregsafl aga PEpraseinghat Ppriginatasdn ﬂ@rseer@aee of he fanemprogdn:dt promoter or
enhanrc&%'s Qtﬁ&ﬁb rh%k&'& {%da éb%ﬁr?%&gﬁ‘é}?c% ) s@h R Ehd éﬁ%L@% cﬁéthe

aragi ne’i’s asnh

sequeﬁcﬁ CGd:I&raiB'pDNA @quey@‘s €lian erel @etay)ﬁy loke; aregctdmltlgmus aadlmi reading
is.glu or E amne is gin lycine is gly or

phaseaslrﬁﬂ%rbf, &.mémegtl SqRFNCRS @8{6@&@@4@3 1§ ipplacedinto a

(0]
funcuhg%ﬁ%@&%{sﬁ 3 eny?ﬁ?tﬁer ﬂolelﬁa' gﬁde%jeq{ééiﬁce Thifs, 1&?&1&&@&&19&1&%ms

anin r F, prdlineis pro or
protedBe ssmehcmethatsls sperably 18ked hnrzmothen peptsletshquence iF;linked such that the

proteEXHRRELT e By, 2 T 5 BBt Mo bond i e
linke dpg&ﬂ@g@glde sequences are presented as a series
of "one-letter and/or three-letter abbreviations, the
sequences are presented in the N->C direction, in
[OUSShccoMQWééqum,h phoptmng T phetetypic pa sicfdrpid mashagds of

t I
detené@?n&%?gtxb?hc%lg%_ctteggtlc%aotf%%é{}% 1895140} n%}g{lge sﬁ&%ﬁtlb?lr?xqg an
antivital B hadionatBiraphsiadpe@iv rkistance. Such assays can be performed to
establish whether certain mutations associated with drug resistance are present in a HCV

specimen.

[0056] As used herein, the term “polypeptide” refers to a compound made up of a single
chain of amino acid residues linked by peptide bonds. The conventional three-letter or single
letter codes for amino acid residues are used herein wherein alanine is ala or A; arginine is
arg or R; asparagine is asn or N; aspartic acid is asp or D; cysteine is cys or C; glutamic acid

is glu or E; glutamine is gln or Q; glycine is gly or G; histidine is his or H; isoleucine is ile or

10



[0058] As used herein, the term"reconbi nant" refers
to a cell, tissue or organismthat has undergone

wo c@ndfoemat i on with a new conbi nati on of geneBCDUSIOBDBY081816
[0059] As used herein, the term"subject” can be a

r ani mal.. The supj ect ing .
& leug oyt @3%%{8.%? R bt oics 81 N AECTapalenTe is phe or F
prolinB @4 ﬁr%tdr@l ktirens 5]&909 SOfhrédrat 1'§Ql’ﬁtor T: 8YBiophin 1551 r W, tyrosme is
ent” are used i nterchangeabl y "hérei n.
tyr ortYearrdVaémbm\thr .1y conplenmentary" in refer ence to
primer is used herein to mean that the priner IS
uf f. entI ement ar h ze selectiyv
100578 1 et QBRARE PRt b ety ARP ARty s of

one-l&t@N e d/brofifec-15tkG AbbRtatibAE RGeS it iphBEnte@ M the N- >C dlrectlon
extended by a polynerase to forma conpl enentary cop

in accgfdaperawly @Pl@moinwéa%a urigenber fdbingthe sbbrevintipn mﬁilcatt%éhe
e n
posm&? 5{%31{0 e[ngl@cci o ?Béf.n?[ﬂ% N%tgfgnfé%lt éln e(te % dll\%@r S%E)Fers?tﬁg a rnet}ﬁ)mne at
pomndmlpsed herein, the term"genetic transformation"
refers to the transfer and incorporation of DNA,

i all reco nant
[0058F 7 afﬁwwﬁﬂaf%ﬁﬁb@ geéaﬂwg}ad ﬁefeﬁ%ﬁomg fi§s4p OF egppigh that has
under%&%?dnsﬁ?mﬁﬁ@rgwhﬁra@ﬂe@f » cobMendt BN IBF | Eﬂe@f&ﬁﬁﬁm@m refers

o acell, tissue or organlsn1that has under gone
transformation or transfection. [0063] As used her ei n,
[0059 he Aensedheein,ghe topmaf syhicdst erndie/a humaihy mperaranl, @r an animal. The
[ en [ enaus nuce
i OGS Yy S0 BB PR BUT NS Fflhene
“Subjsanahageion aﬁd’\ﬁkeﬂ@ﬁer\éhﬁ@ealﬂs?miﬁmds whi ch faCI litate
the transfer of nucleic acid into virions or cells,

onst] St DAl e T, SO BR hrino

mean Stk H%bdrﬁné}sis aurdelehire E&nﬁl@ﬂﬂeﬁﬂa@r oAy brgiE \éﬁéé‘uv%fy foh&ucleotide
nucl ei'c acid, or nmutant thereof, to a ce or the
sequenectgier ﬁla}debgneaed]mneahmgmonderﬁms,rsuvxh ﬂrahthegnscaldzdalmﬁraetf@n be
same pose. vi ral
exten{R T BoIPRFRERR Hary Brrraveay cary & dratreideounge
wel | known in the art and are described, for exanple,
[0061] N M BEd Bbrein( #2%ém R forMatibn” RERto thE trandferfAucleic acid (i.c.,
94:12744-12746). Exanples of viral vectors include,
a nuclgpiidespadymen tp giceld As eiscdhareia ol iteramigcasticorng Birmetion srefers to
the tra[n?i%? QP&}T@%&;D ABGIPDA A ersﬂéclalgr e@ﬁﬂh&%ﬂ&?&&%ﬂ us,
Pecy ovi'rus ec

“Tran@i@ﬁﬁﬁhc&ﬁ’&s@s@ilwi}emnﬂid]lﬁdesarahﬁea[dml. nant avi an pox Virus,
and the |ike (Cranage et aI , 1986, ENBO J .

3057-30 ernati on Pat.en atlon
l0062§4/ 1rY455d q‘ﬁt%%t hiSEM AL ?mia@t rfé@A’f% leP?ﬁalﬁoaﬂ%aamsm that has

underg&{eet%nsf%?ﬁlaﬁ&%ﬂ PhsPRtio\O 94/ 23744, publ i shed Gctober
7, 1994). Exanples of non-viral vectors include, but

are not limted to, |iposones, pohyanine derivatives
[0063bf DARusedhgraiinghe¢ tekrg ‘vector” refers broa ly to any plasmid, phagemid or

virus encoding an exogenous nucleic acid. The term is also be construed to include non-

plasmid, non-phagemid and non-viral compounds which facilitate the transfer of nucleic acid
into virions or cells, such as, for example, polylysine compounds and the like. The vector
may be a viral vector that is suitable as a delivery vehicle for delivery of the nucleic acid, or

mutant thereof, to a cell, or the vector may be a non-viral vector which is suitable for the

11



[0064] As used herein, the term"wld type" refers to

a pol ynucl eoti de or pol ypepti de sequence that is
woaiansdoky occurring. HCV Priners [0065] The i PoBENE10081081816

provi des a popul ation of priners conprising at | east

same %{gﬂ)ééep 31?(’&?3]—132 rs&%érgr@ ?ggi[t}foél Yl)l?a gg%@% (geh(vpryeof ISTGX to cells and

tissuel XIQrWéjl @lde inftBe &t hePhRRIcQFivRd HEVe S8KAEN Maﬂet%[‘ G{1997 Proc.
enbodi nent, the one or nore priners are capabl

Natl. énénh ki S 0 94:18744-62 M 6ac Edarmplen df vitpl aetions 1p¢lo¢16e é)gea.lre not
anot h enbodi nent,.the one.or nore.priners are.
timiteyl o 3} Re0tEin G RS Raov iy Fo @ bfbi ot TRl €ictan e Plage
adenoRir@¥, @38 nslaABit RetrdviruY,&f re8s1abinesit a@BﬂRQQslsHﬁﬂtted vidl§, a0 binant
nore prinmers are cap abl e of anneal ing to a nucl ei ¢

avian yex yireheodthedike (Q%ng%e‘fcﬁin&%ﬁ &MBOPop 803 3PhE daismational
n f [ n
Patenf QS@DJan&E‘ N3 n@r@ 8411 gﬁ?gh ‘gcri %u %{‘fl 8. gﬁag}tgﬁg@&%%&
Appliedtioni Ny iWQ %/235g4 qmbm‘sheal GEddGTO NI, nEQdirnpl@SIdf fidnevigal vectors
necessary for nucleic acid anplification. one
includenbytaepOt linpigeddaeliRpsomes. @oprRTRSG @ergzﬁtévq:wgf&% g the like.
anplifying a nucleic acid encoding a HCV protease. In
(00649 ADGLAMERin (ALIARS W (PR GoRF BRI 5ol A1 AREHH foifHfepride
anplifying a nuclelc acid encodi ng 3 protease
sequedemthirtns neuralyperctiriog. t hereof . I n yet anot her instance,
the one or nore priners are capable of anplifying a
nﬁgﬁggp aci d encodi ng a NS3/4A domain or a portion
t f1m F@OG?] The primers can be genotype specific
or degenerate prinmers. Further, the primers can be
[0065y pSt Tigsim, @itloApiGvidds Lisupkitios @ﬁpﬁﬁﬂefﬁ&fo&lpai@ﬂlgca@ Wast 1be 3,40r5
used during the first round, second round or an
primegy, J8 Oge SRPOHHIEAY thy ongrRsImqTF DEeETRIE THRADS § r?é‘ﬂ%al’éla di-pe
hybrl&iﬁfﬁg) fgf‘ 4 Ilggﬁ')g%f Iﬁ'i—ﬁ!'@ g&%rﬁ@ dInocfne%%o'dfﬂl&l@tthQ Bﬁe Or more primers are
I nc ng, but not 0, polynerase chain
capabte@Ginheiing' 'tcPEB‘u&lplcraeai eItCDahIBg pdi@‘vf@rcasaec haanothieeraatbodiment, the
RT- PCR e chain.reactio . .
one Oé mB@FPr)m%f)é pfe. g%ﬁ%\ Pﬁ%‘Hleé‘]é%ﬁﬁQr?c@Creé%W@ SRGoding > Nggpyotease
dornafi‘lI SR, M%h@lsen%‘akrﬁétﬁ @€ bfle MH%ﬁﬁné}@ﬁFe%a able of annealing to a
['ification ("NASBA"), Q B-Replicase ain fication,
nuclellcodddl angoding e INS 3 Idolﬁlama:trlaqmrtédmﬁt’e))f transcription
nmedi at ed anplification ("TMA"), |inker-aided DNA
mpl{ fi cat |on ) dlsp ace
W““inm f. fa’HS%F { %3“’1@ nv. S%%"?l and str and” Brlmﬁ‘isé%secrf)e“ﬁ? herein
are capiipl of alﬁplifyﬂfg { re@lof of a HOUGBhothd uadie cenditiehgmittssaga®hnucleic
prinmer in the popul ation conprises a nucleic acid

acid aggdifienEa. dAEBEIHEHNEC. P PiFeQItPers DRINMTES & capdbivofzepr]ifying a
nuclofAGGAFRTRRTHGY B S i iy IR Yot L e cometie
of amplifying a nucleic acid encoding a NS3 protease domain, or a portion thereof. In yet

another instance, the one or more primers are capable of amplifying a nucleic acid encoding a

NS3/4A domain or a portion thereof.

[0067] The primers can be genotype specific or degenerate primers. Further, the primers
can be upstream primers or downstream primers and could be used during the first round,
second round, or any subsequent round of amplification. The primers can be used with any
known method of amplification, including, but not limited to, polymerase chain reaction

(“PCR”), real-time polymerase chain reaction (“RT-PCR”), ligase chain reaction (“LCR”),
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I)- [0069] The priner of SEQID NO 1 can be an

upstream or a downstream priner and can be used during
wa@2dov/s402pr a subsequent round of anplificati oPCT/D82008/081816

sonme enbodi nents, the prinmer of SEQID NO 1 is an

upstream prinmer, |Ln other enbodi nents, the. priner is
Self-swgaéaecﬁi?ﬂ}l%e%l fiosg Eggmqﬁsoolfn%% Juclels 3 sequppeediesed

. . r‘ ( _ - . - = , . - . . ,
ampliFbioRR RASATT QB R cus amfiiituton rollind cirggriblifEior
(“RCAAngenscripnomodiated 390 pidicatiut TYPA 9%inkendideHdNA amplification

e r,centages. of Lys-1 -2, kle<3,. Al a-6, -7, an
LABGSE SBHF BusplaseFiyrriaaon MR B b 2isp it fPlacement
ampliflcatbén ('§DAOE enmbodi ments, the percentages of Met-1,
Qu-2, Thr-3, Ile-6, Thr-7, or Trp-8 are about 95%
96% 97% 98% 99% 99.1%  99.2% 99.3% 99.4% 99.5%
[00688 9. glayonggmpeglingmt.gughprimor ofhe yppilsnceppagesa picleic acid
: 3 y- | . o Lys- 8 change
soqueltenbodie b ot peb i i e ine A ool Y Ser cont ages
Met/Ifyor Graichly affhrtic adiyd - plesVdlilen -ilk/AQQ%hr/D0 7 T1p/The (SEQ ID NO:
percentages of Ile-5, Val-5 and Leu-5 of the am no
D acid sequence of SEQ ID NO 1 range from about 67%to
about 72% from about 14%to about 18% and from about
[0069?2% TR ﬁﬁﬁéﬁof@]ﬂ% 1) chéah\b%laﬁ-upkt%aﬁpmea SSPQH BB P Fner and can
he percentage of Ile-5 is about 67% 68% 69%
be us@idur eI Irggr ac@bsgcIBIousd ofanBicati@y, Insoscembpdimenth ¢he

. t .Val -5, i bout 4% 150 15.9%. 16% .
prime §F §ERTBASGD] il iriirtdin BT B hersitiogiRenty g il igpsca
during 84-fRstbubotimAAkaida% 14% 14.4% 14.5% 14.6%

14. 7% 14.8% 15% 16% or 17% wherein the sum of the
ercentages for each anmno acid is 100% [0072] In an,

[0070£xerf51feanegiceé¢?@6mwﬁ_t-,l, Ghie, Jdwdh Heito hhibT > 39d; Trarésof the amino acid
XS 0

soquefTRTSITS 1D 4RY:S inBE hmARUETR R, R 08050 HR B porcentagos of

Lys-1f Gly-2yila3g, Allasi, IGlinTtand i yw48t dorreggpeatgly mnga tbhmatbon5% to about

0.19425) Sip LS00 (LYS(0 S o G C80: S0 G Y 0.7 or i

are abold &R DEBYIIVRINRLE 9b9)) bbavf 18.6%099-3%. 99.4%. 99.5%. 99.6%., 99.7%,
I'1e(99.59%7A'a(0.5% - Thr(99.5% /A n(0.5% -

99.8%ToIDY/5 Tt pyeetageof[Lo873Gly-A, Berdt Akr6,dXlefipimrlyys-8 change

odi nent, each .primer conprisgs a.nucleic. aci: :
sccorBeiea ot R ST B CESeTBs o805 S05 G995 Sy 100%.
99% or 100% honol ogous to the nucleic acid sequence:

[0071AT CCPKALYMEEEY STTYAEST I SE&-b B NS ando adill 8EichceddBSEQ ID
of the nucleotides could be nodified. Exanples o

f
NO: Inigaigs frew ahgel @6t faebout Aetoudem abavt ke tavdout | $roraad firog about
12% thABEGH 7! %s?e&i\%% d[n(sb%)emﬁg‘ldfrﬁ&lﬂsg I &?ce%a{g%?ﬁeg is WBGut 67%,
I'nvention can comprise any
68%, 69%, 69.1%,69.2%, 69.3%, 69.4%, 69.5%, 70%, 71% or 72%,; the percentage of Val-5
is about 14%, 15%, 15.9%, 16%, 16.1%, 16.2%, 16.3%, 17% or 18%:; and the percentage of
Leu-5 is about 12%, 13%, 14%, 14.4%, 14.5%, 14.6%, 14.7%, 14.8%, 15%, 16% or 17%,

wherein the sum of the percentages for each amino acid is 100%.

[0072] In an exemplary embodiment, the population of primers comprise nucleic acid
sequences that encode a population of amino acid sequences that has the following
distribution with respect to each amino acid:

Met(99.5%) /Lys(0.5%) — Glu(99.5%)/Gly(0.5%) - Thr(96.5%)/11e(3.5%) - Lys(100%) -
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nunber of nodified bases, e.g., priners with LNA in

sone enbodi nents, the prinmers conprise about 4 or
w@b@as®21L.NA. I n general, nodifications at As BOTUIN08/081816

are nore common than those at Gs and Cs. In sone

He(65 IR R AT AHIRS R e g o O $%) -

Trp(99" @@M}(AMN\/GWYAMTYANCNBTGXE [0074] In another
enbodi'nent, the conpl ement of each prinmer in the
opul ati on conprises a nucleic acid sequence encodi ng
[0073§ polinypether erenyiilar carbodimand cach primegemmpreses Sancleicpiid sequence

that is %{E/b %Sgo,?ggg/}/ %f% b%%gf /%ﬁge%péél%}’ or lgl‘f)“% &8&%0%9 ’%16 ngclelc acid

sequeb& MG@AHWGW@AM&I@SEI&EGGV (SE) IRND :CHwh@ec sl of the
ring a first _or a subsequent round of anplification.

nucletilcs Gild ot it Sxa T QI ATIHACORUBEGF TRlode i aregiot limited
to, LofRUNSECIGRALR [ 1T%h. ARnflshh GG AFRR Byl ol LBrilcuny

numbmecrfcrmrtiﬁgdabas%s @ g{, primdrs tlith [2¥A nia samed:nﬁmdmng tlaf pris€ps

l. from about 95%t o about 99% and the
complamb@m%@%a 1 N og erné 6%‘? hﬁﬁ &911?% %%n‘g To#e &g common

than tﬁc/é’eta@(ﬁgﬁ&' 5118 sdrie SRPEIIRERR déa@ﬁ ?hﬁler E&ﬁgt@s%ﬁ aRNhRAS: &fid
dy-4 is about 95% 96% 97%

sequeper. MG%GMY%MGW%MMM@M@BQ &% 4% 3% 2%

Bt Ay B RPN RIS Oy o e

nucl ei ¢ aci d sequences that encode a popul ati on of

[00742M NG 2A6ihdr SABGEMERS tHehdinphaser: BE cdchlgridvdr Mg the population
di stribution with respect to each am no aci d:

compiggs @rpghgic acidrppquemgogcading pg_l(yg%tld.e with an amino acid sequence:

r- G50 DO, D0 SCORED PO DN

I n anot her exenpl ary enbodi nent, each priner conprises
[0075& nuEhepromacif SESRHUSGES dahde ahsup&@é%m &5dovadeard primer and can

6% .97% 98% 99% or 100% hongl ogous to the nucleic
be useéicfﬂwmgeﬁqf’uémr& SRR ABTEIR by s, the

prlrnelr\g SéibeID‘W@r k3 I15"‘a &’(ﬂryns%aﬁl infd C O EOGSLERMEALS, tiﬁe primer is used

anpl es of I f1ed nucleotides I nclude,
durlng)the fastgromat off anmltf@dtwm, TlLd\lﬁercelnmagmﬁé}l}e#be dhaening amelascquence

o Ry KO 58 S N S0, HERSR g or Cyv

correspoheli NMEAMVoTVEMEE GBI MANGGIIM . crb BYAT8Ents,Rhy Bdrcentage
anot her odi ment, each priner in the popul ation

of Gly=4 nqgfphoglégS"é el %]%;, 98%, or 99%. The percentage of Cys-4 is correspondingly

5%, 4%, 3%, 2% or 1%.

[0076] In an exemplary embodiment, the complements of primers in the population
comprise nucleic acid sequences that encode a population of amino acid sequences that has
the following distribution with respect to each amino acid:

Ser(100%) — Thr(100%) — Tyr(100%) — Gly(97.0%)/Cys(3.0%) — Lys(100%) — Phe(100%) —
Leu(100%) — Ala(100%) — Asp(100%) — Gly(100%).

[0077] In another exemplary embodiment, each primer comprises a nucleic acid sequence
that is 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% homologous to the nucleic acid

sequence:
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aci d sequence encoding a pol ypeptide with an am no

acid sequence: Ala - Pro/Hs - He - Thr - Ala - Tyr -
w®erodAb@2t A n/Arg - An -Thr (SEQ ID NO 5). PODVS}008/081816

The primer of SEQ ID NO 5 can be an upstreamor a

ceo ERREARAR TGP RIATETOEARER M N Bhautcr anyor e

nucleSiROdbL M rl‘)%?mocﬁﬁé’d Al mgfles(%ff i é@u[\é@otlaeé tcklde, Lmﬁfafe(?ﬁ‘)mlmlted
prlner In other enb nents th eprlmar | S Use

to, LNAwr Imgpmdemyeitments.reoon drioer emmmdes thatriugleic cddBQpeTice

coo fEgEEMASE T iR REMAGE2M 0 Bout 8896 to about
CCGRACTGCARVIGRAMACTRNMIMGET FOMMNING BTMGAAAT g- 8
correspondl ngly range from about 5% to about 0.1% In

enbodi nents, the percent ages of Pro-2 or A n-8

[0078br ge I@W@ggnoglg%en@g%megly%ac Bumeogohic pepuiaongynypyses a nucleic
acid sg(zieﬁc/g I%:%dﬂ'léoa &%&ﬂgdquf c}ﬁ g‘p a%z ﬁ i ge%ugl{ or 99.9% The

rcent ages nge accordlngly, SO
Ala - PhﬁﬂlstJnIee S um ofAls hd'ytr \A&Serjesrla:e Gilageg —f@n —Fac (SBQIIDANO: 5).
acid position is 100% [0081] The per cent ages of Ser-7

nd - O aci uence of SEQ | D NO
10079f 2 s BTN S G den G e 4 (R LBaPrigmygnd can
be usédodlﬁﬁ%lét ﬁ1§t60@a JuB %@ﬁt' r&@ﬂd/ of 1HRAEE nﬁ%@hﬁ%ﬂ{bﬁ)dlrﬁ&ﬁs the

percentage of Ser-7 is about 64% 65% 66% 67% or
prime68HSEQID WheS pesncumtreaye pufneAl b-athérenalipdimerdndhe @396r is used
durin tA;S 305°/ro q.:.Gan Caeén the sum of the percentages
uring 8%6’!5110 Y RGP 0096 [0082] In an exenplary
enbodi ment, the popul ation of prinmers conprise nucleic

[0080fCi dTisesHemERss bhRdo-ERa0dEn-3 of epikdrind asidatqwiite6f SEQAD NO: 5
sequences that has the follow ng distribution with

range ,f@gb@l&ut P&oda dhow POy o.-sdd dhe mrg&(nia@@% His-2, and Arg-8
corres%%%lﬁglyiﬁ%el%oéﬁ /()gbc_ﬁl@ge? t(og%)&aa Qﬁ) 4 :})H 0%;[1%_5 Qr’lrl%g&@ments'?‘hﬁ(p]ercentages
of Proc nf GAH4p A dholief)5%, T80 YQTHY o, 99TH 99 10Q TGP 2% 0083, 191 %,
99.59 BRI O D S B Lt e T B BSM Do ABGh 59654
accor@Adhy, Pkt B9 %/ﬁrﬁrof %Qﬁbgﬁf@:h%%gé'lﬁ)r EocH RGin UGS §1t10n is 100%.

aC| dsequence: YKCCCARCARAC (SEQ I D

6), wherein any of the nucl eotides could be
[0081imd| Tlileemtrce@@@n@b%%ero? angdpdiiaf @ﬁihﬁ a@mwtcndj@guemlqﬁ §EQ IDNO: 5

range grrolrn rrngrout ggn% I0 Sa}géutt%% ég, %%rgm ab Nt %fb uenc gb%‘?{getsls)éctlvegl In

some %%MAMEM%@%MM&C@WM%, ®6%, 67%, or 68%; and the
GCGCCYAMI MYACGGCCTAMYKCCCARCAIMRAC.
percentage of Ala-7 is about 32%, 33%, 34%, 35% or 36%, wherein the sum of the

percentages for each amino acid is 100%.

[0082] In an exemplary embodiment, the population of primers comprise nucleic acid
sequences that encode a population of amino acid sequences that has the following
distribution with respect to each amino acid:

Ala(100%) — Pro(99.5%)/His(0.5%) — 1le(100%) — Thr(100%) — Ala(100%) — Tyr(100%) —
Ser(66%)/Ala(34%) — GIn(99%)/Arg(1%) — GIn(100%) — Thr(100%).

[0083] In another exemplary embodiment, each primer comprises a nucleic acid sequence

that is 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% homologous to the nucleic acid
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[0084] In yet another exenplary enbodi nent, each
primer conprises a nucleic acid sequence that is 80%
wW@2Hp/090% 95% 96% 97% 98% 99% or 100% honedDYB2088/081816
to the nucleic acid sequence:
AGGGCATTTAAATAGCCACCAT GGCGCCYAT YACGGCCTAYKCCCARCARAC
SCQUERSEQ I D NO 7), or
AEMATFALEEECEATONL .
nucleotidsk epeld de intb dsfaerl drraem | SEO nhddlifiud nicleptides wmoluldel, e are not limited

o RO B3RS SIS Bk RS A R
GCGECERMTINIVANAE SCACOMIFPRECYIIMIRMNGHARE DAY KCCCARCAM

RAC, or
GCGROEAMTVIANAGRCEINSAXTRESCCER VAN RMACGECOMCTMAMYKCCCVA
RCVMAMRAC. [0086] In still another enbodi nent, the

o . it : : '
oo TSIl ST LIRC L DO LA SO G0
sequeadn thet 18804, 8&XHULTELI 5% Y6%, Bést, I8YEANPAogl 00% emelogous to the

Ser/{Thr - Thr/Asn - Lys/Arg - Val - Pro - Al a/Val -
nucleigjagidAequIeEQ | D NO. 9). The prinmer of SEQ ID NO 9 can

AGG%@A?I'TME&ATQ@I@@ACQAWGCMWAWG@@“P‘A%{C&@AR@Q{AC

uring a first or a subsequent round of anplification.
(SEQIIP NOn®), enbodi nents, the prinmer of SEQIDNO 9 is a

A AR A BRIl SAmEAR el T FeldEnRE e Sea o

NO: 8 ,h\@h&@iﬁlch%Pto@ﬁ%smﬁ_feoﬁié’s'&,thesﬁldeﬁe adil rse(ﬁ}en&!SES'E(%%D N or 8
la-1 1 o 9

' the am no acid sequence of SEQ ID
couldbgmepalifiglom about 95% t o about 99.9% and the
per cent ages of Arg-3, Thr-5, Asn-6, Val-10, and Asp-1

[0085? ¢ oﬁ{emﬁgg}n%ry ftlsrﬁg?ﬁcfurdg ‘Bﬂo%? Ak 8@%]?&&%%?@&1%%%3{% sequence:

n sone e di nmen € percentag
AGGGOATE, TAM ATAGETABGCATGACECE YadTM PATG BT AMNK CA8BXHRCAM
99% 99.1% 99.2% 99.3% 99.4% 99.5% 99.6%
RAC.95 704 99. 8% or 99.9% The percent ages of Arg-3, Thr-5,

AGGEEXTETARATAG AN AR FGEGE TREERCATENETMAMYRECCMA

the sum of the two percentages tor each am no aci
RCMPAOERACON is 100% [0088] The percentages of Lys-7 and
Arg-7 of the am no acid sequence of SEQ ID NO 9 range

o0} T 25 B RGBT S RS i oot
cornpgfgs gg%%kﬁgﬁ%&cg %dg)d@ncé dnSoERO W HoPYtidR Wth S2minB33Ud 3¢ dence:

Gly — Ser — Gly/Arg — Lys — Ser/Thr — Thr/Asn — Lys/Arg — Val — Pro — Ala/Val — Ala/Asp
(SEQ ID NO: 9). The primer of SEQ ID NO: 9 can be an upstream or a downstream primer
and can be used during a first or a subsequent round of amplification. In some embodiments,

the primer of SEQ ID NO: 9 is a downstream primer. In other embodiments, the primer is

used during the second round of amplification.

[0087] The percentages of Gly-3, Ser-5, Thr-6, Ala-10, and Ala-11 of the amino acid
sequence of SEQ ID NO: 9 range from about 95% to about 99.9%, and the percentages of
Arg-3, Thr-5, Asn-6, Val-10, and Asp-11 correspondingly range from about 5% to about
0.1%. In some embodiments, the percentages of Gly-3, Ser-5, Thr-6, Ala-10 or Ala-11 are
about 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%,
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percentage of Arg-7 is correspondi ngly about 10% 9%
8% 7% 6%or 5% [0089] In an exenplary enbodi nent,

wo b@oossepl enent s of prinmers in the popul ati on POIPR1088081816
nucl eic acid sequences that encode a popul ation of

. . h
9989 P B MR RO AR (DTS- Ho iighsr] Y change
accor&iﬁgl Ao thatstﬁé sﬁrﬁ%@%@e two%ei/c(e% és@o/r@ﬁcgl(é?mﬁo@amd yl%on is 100%.
-Ser (99. 5%/ Thr( 0. % - Thr ( 99% 9%
L 3(93%/Ar 7% - Val (élOOO - Pro (100% -
[0088.N a(ﬂm/gormta(gle%)f LysA¥ ag 9% 7 A el apino poidsequenee efndi@ép NO: 9

s AP TR TER o BEL SR B L1 0 o

embo&iBéntsd HoRrcchB8YoNDIDY a0Meat 9@ 0! ¢11<'%,r92% 3)3%,@@%‘1& 95%; and the
sequence: GCAGCCGECACYTTRGIGCTYTTRCCGCTRCC (SEQ | D NO

percentage ofwvigr Bisrrogtisypopeingheatiout | €ot 9°Ges”oe b1 é%kﬁif 5r’r/md| fied.

Exanpl es of nodified nucleotides include, but are not

[00891I m fed &e iaNAe 5H1§19H{et g‘gﬂéﬂ‘?&ﬁsc'of Iﬁﬁﬁ@rs 2! fh%ﬁpulatlon

nmpri ses t e nuc el c aCI uence.

compmwmammmmwmmmﬁm aoid sequences that has

] t th
the foflq A Ay PHBOUT RERDoCt A MO Compr | soe. a nucl ef ¢
Gly(ﬁm%lb 5@&%?@%1 (99%%&3@%(@5% Si%o(l(ﬁ%: %%@9 LTI (0.5%) —

98% 99% or 100% onol ogous to thé nucleic ac

Thr(99%gtencéh) @@M@W?R@W?W@@l(l%) -
oNO 11), or
Ala(9%§%§?@@?TAATGCAGCCG@CACYTTRGTGCTYTTRCC@CTRCC (SEQ I D

NO 12), wherein any of the nucleotides of the nucleic

[0090pCi dinseatheneesnpRrQ chiBotifthent keadli pAidicEuthistisesa Aelbiciaeld sequence
,[0091&] Exer;pl ary nmers further include those that

that 1s&9r%r 5&ed0h &5y gg‘é 87%89%%8%%{9 ©R 480% homologous to the nucleic acid

GCGECCGCAGCCGECACYTTMRGTGCTMYTTMRCCGCTMRCC,  or

GCGECCGCAGCCGGECAMCY TTMRGT MGCTMYTMIVRCMCGCTMRCC.,

GCAGOQeRICAOYATRGEGCEX FTRICAIGCEROOA(SREM D N@xnk-00; e@m‘mlnahyf of the

ot 5 el S 2 Ao SRR Sl i

n '
o STt i T AN s g

GCA@GMQ@MQY)TTWQTMGCTMYTMTMRCMCGCTMRCC or

A L A AT R AT EARRACE AT AR

embodiment, each primer comprises a nucleic acid sequence that is 80%, 85%, 90%, 95%,

seque

96%, 97%, 98%, 99% or 100% homologous to the nucleic acid sequence:
AAAAAGCGGCCGCAGCCGGCACYTTRGTGCTYTTRCCGCTRCC, (SEQ ID NO: 11),
or CTTGGTTAATTAATGCAGCCGGCACYTTRGTGCTYTTRCCGCTRCC (SEQ ID
NO: 12), wherein any of the nucleotides of the nucleic acid sequences SEQ ID NO: 11 or 12
could be modified.

[0091] Exemplary primers further include those that comprises the nucleic acid sequence:
AAAAAGCGGCCGCAGCCGGCACYTTMRGTGCTMYTTMRCCGCTMRCC, or
AAAAAGCGGCCGCAGCCGGCAMCYTTMRGTMGCTMYTMTMRCMCGCTMRCC.

[0092] In another exemplary embodiment, non-degenerate primers or primers specific for

certain genotype or subgenotype are provided. Exemplary primers for HCV genotype 1a
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AAAAAGCGECCGCAGCCGGGACCTTGGTGCTCTTACCGCTGCC (e. g.
downstream priner). Exenpary priners for HCV genotype

wo boovssdoatdes ATGGAGACCAAGATCATCACCTGEG (e. g., POBUSMAsSS1816
primer), CCGICGGECAAGGAACTTGCCATAGGTIGAA (e.g.,

. 0 [ [ )

incluq A A A A AT A SR A ST SERARCAGAC

ACCé@C@GTG@@CA@@E@MGW@CCGTAS g dovnstrcam rner)
AAAAAGCGCGECCGCAGCCGECACCT CTT G%C

AGGGGWH&TAﬁmfﬁﬁGﬁﬁﬁCAKG@C@G@@ﬂTGMQGGG@WACG@GG&GG@QAC
a t|t CQ%%E%SIng one or nore priners of the invention
(g, HPS@8Wﬁ1 ts thereof. The kit can conprise any

AAASAT GRt LT AGCRGAEAS CITATEGC TEETNC@GCTGCONR. g., downstream
enbodi nent, the kit conprises the one or nore prlners

primegin Fr¢Mpgrt Emess fyrddGViaseotype e inchilest SEQ 1D NO. 1
ATG@%E.JOA&E n@%ﬁAﬂ%‘%A%ﬁG@é'{P ﬁg&&%&&%&f In anot her

I'IS ne or pl'lﬁ'EI'S

CCGBNGOdiIAYIG Ghe\ (T GO EPITIAASG TEPLE (0 SdBinsBES pBnNO, 5
nd/ or | ements thereof

SE
AGGQE&H&A@%A@%@ME@@&C%$§@§%%AGTC%CAGAC
(e.g., nggtl%ﬁﬁ]ﬁ?ents EQ IDNO 2 and/or SEQID NGO 4 or

‘thereof. In yet another enbodinment, the

AAAAAGG:@@(EC(KE%G@@GC&A%W@A@T@@T@TEGCSE}ET@CN@%,Gipw?lstream

nd/ or 8 or conplenents thereof. In yet another
PriMeEhhodi ment, the kit comprises one or more primers of

SEQ I D NGs: 10, 11 and/or 12 or conpl enents thereof.

| Kiiet anot her enbodi nent, the kit conprises one or

nDre primers of SEQID NGs: 6, 7 and/or 8 or

onpl enents thereof and one or nore priners of SEQ ID

[0093N05 Thoinvantiogigglades BkibgonguispiLeans o snarp priwgrs, offtpmypntion or

cornpfleﬂl %tth hlq{e k?tné?iﬁ%l ﬁge ar{}hceodﬁﬁlﬁatfolﬂro;f Iﬂgih}f%{))?mﬁé iRntion. In

ruc |ons or anp ylng a region

one ciiiBbdmeht) ithugkit &tenlgweoﬂmme or nphepdiysenodding ﬂ-l@léplmptide
determ ning the presence of a _drug resistant HCV.

F
sequengrs 04 REL TIHNK: | aadier 5RID KO ﬁr?é@?lﬁi&leﬁ}?ﬁ%‘ thegpof. In another
cmbofiteRE T Gorhidcs U GPHORY frishots Sheddinl hpBtypeptide sequonces of
SEQ I&Hﬂaﬁamﬁ/loc SER0ID At Hror campehfeatsttBerp @D IBstill angtber ernbodlrnent,

t her enmbodi nent, the h n
the kif TR PHae Bpersinn et SERIDHO S b d AR RB g e ¢
cornpf%ﬁieﬂts th@bof. N tRNGERthck BmBHGnRAR Pk H?Ektmﬁ)ﬂié%@ oké br rnore primers of
onpri ses one or more priners and a pol ynerase (e.d.

SEQ thlﬂfm@rﬁ ¢ndé0r|:&)¢wgmég@etgsjdjlhreg§ Ingiegt another ernbodlrnent the kit

comprises one or more primers of SEQ ID NOs: 10, 11 and/or 12 or complements thereof. In
yet another embodiment, the kit comprises one or more primers of SEQ ID NOs: 6, 7 and/or
8 or complements thereof and one or more primers of SEQ ID NOs: 10, 11 and/or 12 or

complements thereof.

[0094] In yet another embodiment, the kit further comprises instructions for amplifying a
region of a HCV, determining the genotype or phenotype of a HCV, or determining the
presence of a drug resistant HCV. For instance, a kit can comprise instructions for
determining the susceptibility of HCV to a therapeutic. Such kits can be used to screen

candidate therapeutics for antiviral effects.
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pol ymerase or a nesophilic polynerase). In yet another
enbodi nent, the kit conprises dNTPs. The kit may
wopiwosmki y contain anplification buffer. [0098(T/Ukm®08/081816
kit of the invention may conprise one or nore prinmers
i n | abel ed cont aj ner or I'tiple | abel ed contai ners.
10095) ooglﬁ]yef oS AL P TUTERET EMBIIG Rt POROTE STEYRE O

reageft® Wa!nﬁﬁ%iﬁ% UGEE Pyt Rlc 2P dFGnRartdEMn RHE bRIbEdiRfdnd thdaF
I nstance, the invention includes a kit conprising a

comprgEstone oninoke prir@iy apd e motyercrastiie gi, theampplohc ablymerase such as Taq

i ncludes a ki.l. ¢ rising a vector encodi ng a reporter
polyngfeay & FyeGprie PNRRrSL iy et EPUSE RBPRRRE e HRERDRes
dNTPENrRE kitRity @Phiohd1B; donveMhimPRficdi{o8 bigker.i ncl udes a

| uci ferase substrate such as luciferin. In yet another

enbodi nent of the invention, the kit conprises one or
[0096hpr eThsy kihel the Hygntion, Way 6PmpHTe AICHH NI AriMCs iRdpkled container

' L. £ ion of HCV [0098] The invention
ornm@ﬁ%?ﬁ@é%@g%@%@%@.of anplifying a HCV nucleic acid. The

nmet hods of the present invention can be used to
[0097&npl IinfapoDiiAcrobod®idant offfiec muketaml, therkatycdoeprisps @vedi@rfoacloning a

doybl e- stranded or singl e-stranded form preferably,.
HOV il aoll iRhastn oot BYpRiobanane KremabiE: S angtit a MV

promdtBt eFjealnviStidHoHY ReRHELHRE ompiisihS a REQHESIcBMink @ rE oiety,
~the two strands into a single-stranded, or partiall
for ingiuregl @ lustferasdedicty. olnmneivptbiedusenik nbthe inwngepdhakie includes a
.~Strands includes...but not |limted.t heatin al.kal i . .
tucifefiy Qe NG SRty 1 SscatoBer SEnonineMBHU fyefll the ki
compfBIs A6 Sr (Rrdprimbielahg asecta£fdr bhirHONEicNgc peigt ei ns.
For instance, the strand separation can be achi eved by

heatigﬁ at tegggrature ranging from80 Cto 105 C
cavieplificationd d8CY or acconpli shing this treatnment are
provi ded by Joseph Sanbrook, et al., Mol ecular

[0098F O HiGinyéhtioR BRI I QY ARRURlampfRifle SRICY ﬁué’l%i% BE{d. The methods
aboratory Press, Cold Spring rbor, N Y. (2001).
of the[pd&@8{ inventoneae b ostidrte pmplifihBNAeohRY Ac diermalesule may be in either

mplifying a nucleic,acid from an saml ing, the, .
a doulfi rapdegy sihale StRpdFH 1O5: PrefRhiovauiipiantod, Wherethe pucleic
acid a§¥RARIEmaterigll it Db M -sSRRICH TBR prédtRhi@Nke W fh8into a
or su;gected of being infected, with HCV. dinica

singlesyeanfiers 08 padatynbinglee taalede Bmmb Methodd lnevn tbeeparate strands
. j nst anc veni puncture ~or hi.opsy_ (e..0.. . blood. an
includef S RE RS RRHET ARG e et B ety R

enzyngitic@gdthydsf(e.@Mmhth&iss p&tbnrend binding paGteins OFat indtan&y) elcQstrand
purification steps prior to anplifipation% or can be
separgtip| can b aghHey qdui epdeg #hlcmBeRbEsraRaBE{Tam S He ta#Q5° C. General
methdds & acE@mBlmliﬂ%ﬂlfsa&éa %nt L0 p]"]fd%-(l]) By 'j'@stepﬁ) d5mBlook NG al. Molecular
I nvention can he use 0 a ITy a protease region 0o
Clonih M Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor,

N.Y. (2001).

[0099] In one embodiment, the method comprises amplifying a nucleic acid from an HCV
sample using the primers of the invention. The HCV sample, may be, for example, a clinical
specimen from a patient infected, or suspected of being infected, with HCV. Clinical
specimens containing HCV can be obtained, for instance, by venipuncture or biopsy (e.g.,

blood and liver samples). Viral nucleic acids can be amplified directly from the specimen
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For exanple, the invention includes nethods of

anplifying a NS3 protease donain of a HCV. One or nore
wo@toovhsvopr i ners of the invention, e.g., those PECT/BEQ0$/031816

NO 1 - 12, can be used to anplifyaregion of a HCW.

The pr.iner cont ain one or

(e R jepIBRN sl T %ﬂ%mpmtoe%”ﬁ%ﬁ?%ﬁ% Or;ﬁaphﬁ.l%ﬂaé?d and
pur1ﬁ§E@r TR kﬂov@ﬁ‘fﬁ tﬁg%lpgo{r\'g amiplifffatibose of SEQ I'D NO

and SEQ I D or conbi nations thereof are used.

[‘"‘"’Lo a@‘%ﬂ%ﬁ%ﬁ%@ﬁ% ﬁfé’é RGN IR o il TR R ey .

For exaimpfle, ahdinSE@idnOndG8es rhéthodslofompilZyingra NSirpwionate dorain of a HCV.
one ot RSP AR L S B AU, e et
amplifHEtBidn A% IEVe ﬁ%‘é‘i’)‘rl%rﬁgy UShtR dnklok do?@%alfﬁé%é@otldes In

prinmers. In one enbodi nent; priners are ful
an exu@3adenpradimeers, wpecis foil SEQuDaNpat |aechSE|Q11ﬂkNOeé onihose of SEQ ID

f t
NO: HSRRA T 0 81 Behab B RG e i i oo R b
embomg%ﬂ/eh@imﬁe@ QFSEOND Rey: eahd SNBBIT NSB 4p610heassT SHUIINSD:s: 6, 7

heli case) or a portion thereof, NS2/NS3 or a portion
or 8 apt§EQID, Nows: N A NSQZNMAmbﬂnaaomﬂlﬁe@ﬁanehléibdat@famphfy viral nucleic
anot her enbodi nent, the prinmers encode a HCV protease
domai n. [0102] One or nore primers can be specific to
particul ar HCV sequence, for instance, genotype
[0101$ pecTlid iavertionandudssthadhodnif aodplifjieg himlanttidn en@digd¥S3 using

nore prinmers are degenerate prinmers. [0103] Different
full- leﬁgthnlﬂg%éaﬁﬁ%f‘és u@éal%mmgﬁm%%ﬁfﬂg%fﬁ é&%‘ﬁ;}ef]&ﬂth NS3/4A primers
spec1§cet‘3lﬁeﬂbttlbﬁﬂ ihecteq, @IrgﬁE%JcYedth%egﬁsihfe@t‘éd re@h PIeSy Ofn dnbfher

I'n one enbodi ne the~invention, two or nore

ernboémteslt piinprs sl tareugkedhcid encoling l\é‘iﬂdé)@hone pbrtica thgecaihS3

set of aers.can be used eqi on wthi
s By Y B SRUGRRoTarmeitan eSERS s ot rpdiopithizdotor
NS2/%3/N&aator@NRr8&t thefeoP! InMRbEel SmBEEHRH, thd ﬁi‘tﬁéﬂ; ehlRlk QIFECY
acids can be anplified with the prinmers of
protedspdemeinon by net hods known in the art such as by
poI ynmerase chain reaction (PCR). In PCR, a set of
[0102@ g@ﬁé ]D%Ie,{?%%ﬁf(l: gé?%}%cﬂ’&& 10%1 I%Cl?lgl‘ %\5 SQ eﬁce for 1nfstance
genot@pdpleyifier &is ena¢rabatihPist dfmldﬁemVaﬁnﬁ 6ma)(1s1sfnwalp¢ﬂmaai Ju@\&egenerate
. for subsequent el ongation of the pri mers and
primCffenat ur ati on. See for instance, U.S. Patent Nos.
4,683,202 and 5, 766, 889, eachof which is herein
[0103] NCODRRYEH gﬁnQYs é'aﬁfb%rlﬁ&{-: EittleR sﬂrﬂtﬁtaﬁéﬁdsfﬁﬂéeq&%tlﬁlﬁntobﬁnphfy the
appreciated by a skilled artisan, various
desiredmpgiphs afahé b6 Vrelnhod smbadinbant 0§t inendompl tivbyor anare sdted

prime?scallrg uSede qg e embodiment, a second set of primers can be used to amplify a

acids.

region within a amplified product of a first set of primers (i.c., at least one set of primers is

nested).

[0104] Nucleic acids can be amplified with the primers of the invention by methods
known in the art such as by polymerase chain reaction (PCR). In PCR, a set of primers of the
invention is annealed to single stranded HCV nucleic acid template in the presence of a
polymerase and dNTPs under conditions which allow for subsequent elongation of the

primers and denaturation. See for instance, U.S. Patent Nos. 4,683,202 and 5,766,889, each
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a NS3 protease domain using the prinmers of the

i nvention by nethods known in the art, including
woemopstogner ase chai n reacti on net hods and met POTES2008/081816

whi ch do not rely on the use of thernDphiIic

l. r ases hilic po ses such as
of whishi sremAﬁfﬂfé?ra%&thyaﬁf%& RN IRgresHiyed by a
skille@ Eﬂis!nf 'vﬁﬁ&ﬁsoaﬁ‘nﬂﬁiclaﬁgn Hl‘émohé‘ EMbe Bed lt@&rﬁf)hf}' asrﬁf%Ye% £84d encodlng
including, but not [imted to, those described here
a Nsﬂ\mpt@@shsdamﬁal@emg $hei igndHevT (ho 1m®pt1mm by imrettexds koowh inr thia @.rt
r ovi de of determ ni.n

) HCV
inclu@ o SRR FRi® b ST Sid R SR 8 For 60 the use
of thé&BloBhilic palyiniRaet (Ag HaYsdpBNR! poPEnWailQUth SEHBICIAEpItQtion

entire HCV genone. Rather, the present invention
can befargesodrsingany amplificetionameied gevidngye, tdstetdisestvered, tsluding,

the . protease (e.g., NS3, NS3/4A or
bu““ﬁggngﬁg&gﬂé mﬂﬁgéﬂ%gh [0106] In one enbodi nent,

the net hod conpri ses anpllfying a nucleic acid

e MatbdgofaGaiaypiagdd@Unai n as previ ously descri bed

(e.g., using genotype specific priners or degenerate

or0sfy R by diBndEh ek el Bt G S HCv.

Spemﬁ&aﬁgfnﬁﬁtpres'eﬂt 190&1&%%99{)@% detérﬂl%laftlbﬁ%ffﬁ MCV geNdtl it Ritkout
3 protease domain of the HCV. [0107] The invention

Sequea¢19@ tlmamﬂmﬂé@%@@ha@g Rathedghepreperit iyenthien geavot gngdo determine a

HOV G BT kBRI Pl GirBgR NG Eon. NS3/4A or Ns3

and a pORREITBIN4A)A genotype of a HCV is determ ned by
detern1n|ng whet her a NS3 genotype specific prlner or

priners is capabl e of hybr|d|2|ng to a

f
[0106ihucl Ign que gribgdinqui. gy methed gemptiyesi aneplifEng @d@cl@fc gcpbencoding a
protea%s@ﬁﬁlgttafe Oai@ g%éﬂ%}%g'péﬁ%gﬁ%éd& %Etu’_lf&}g' Qa%ﬁ?t%@%b%fﬁc rh@{s or de enerate

I ral er apeut
primef) and dettamaag thé gergpeypetof phalf Cvelidsedlsn dic sbdp.ﬁencm Uémd pmtease
can be .use to detjrn1ne t her

encod%% igacid frggragnt Ap gge Gnpedipsat, éﬁ%ﬁﬁ%%l wth&ﬂ %%Hptease

domaldgtgPAEk c. Wthout w shing to be bound by a
particular theory, the inventors of the invention have

found that single am no acid substitutions in the NS3
[0107pr ot Bléﬁsl@Vfﬂé@in oquevidesthethodsesf| dsteamaung themtui)t\vm ef HCV by non-
i RGBS G TR n SRR o i, e
embodi@fing lagRa6typ€ ofa HA\Oisplctir@afkd Uyrd@td@mlrﬁﬁgwh@th&gd NEB gy@idtype

anot her enbodi nent _of the invention, the clinica
specifyfepramgisy saref DSy isecaptblanl mddideg ke eHENmusdeic acid.

deternm ned. There are 11 major clinical genotypes of
[0108!{'\/’ TM&B‘[}@E& methods of the invention can be used to determine whether a

HCYV isolate is susceptible to a HCV antiviral therapeutic. For instance, the genotyping
methods of the invention can be used to determine whether a HCV isolate NS3 sequence is
associated with resistance to an antiviral therapeutic. Without wishing to be bound by a
particular theory, the inventors of the invention have found that single amino acid
substitutions in the NS3 protease region can confer resistance to antiviral therapeutics
whereas amino acid substitutions in the helicase domain and NS4A do not appear to affect

resistance, e.g., to protease inhibitors.
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further characterized by subtype (designated a, b, c,
etc.). It has been shown that certain clinica
wW@emwonypes are nore treatable with current thePEpUsm08/081816
t han ot her genotypes For instance, genotype 1 is a
onder lnter on al.one conpared t

0109 englfv PG bRy sﬁﬁaeﬁmﬂme i FEb e gnesibe g subtype of
an HAVYSNEd & t?ead%téi‘ﬁuﬂé%le AHeR aﬁ‘@fﬂ %{a & dpRyal gén%%eé Bf HCV which are

selecting the nost suitable t erapeutlc (1.e
furthce tharettenzeddydubiype (degnatad palo icentc.)i ff s bech srhowm thwettym

cinief s A YL FRERIRNRG HEo aMIbyD g Bkendiy s For

1nstanE@ ) LERbtyh& 1 & HREalt RsiAeF WABtcHENfAIGHE Rnipatddablgendtypes 2 and 3.
clinical specinen containing the virus nust be

Accorgiiedy. nledimethods eftbe paenigen canby uspe toegsbioth plrstcianshe selecting the

most %Rt%ﬁfeqﬁ&ﬂ%e%tlggt %,e I?l eng% dtgne%??/saﬁe s o g&g%ﬁtgﬁ%bteld lﬁlrIéCV by

deterr{lﬁiin'glthe VeraaypdRNAubtspe 804 BICA of & AICVhenelybail ¢G@dluding HCV
speC|nen and used as tenplate for anplification. In
genotyfel Ho® nent, the nucleic acid tenplate is anplified
usi ng genotype specific priners that are capabl e of
nne@gl
O B B OV S PR SRR B PR the vims
must bhebtained Gom thc, p@hetnenbi cateeﬁmbpdanq:]it; the epbcmaq:mxg obtalned by biopsy,

. degengrate rs.cap : I|f r nucl ei c
for in{gtG B iRy I ppofeaopodign Aomshtut INEsod N3 aa
The invention i ncl udes net hods of genotyplng usi ng

[0111Pr | Mefrsl FENAQS isBBitddora Mhd@indil SheeRfidteitiase@bs SRRl or
NO 1 and SEQID NGO 3 (or their conplenments) and/or

ampligonp Injene embedimsEQthemudisic arid tmplate i ararlisdawimgtaspotype
spec1fﬂ‘1|§r1ﬂ1&¥ Lt 'af)en n@&lﬁg of Qtﬁlel?f %tor(%ali] ﬁgae (Bfacﬂee%% F%rm:e, for

one or I'MEr's torrespon

instange, N|S3 &, NS33/48, Id @notlhér aiibolizmat, tho mpéleivenidsietpriteisfamplified
one enbodi nment of the |nvent|on mul tiple prjimer sets

using éﬁ%ens@é%prﬂ@eréﬁﬁquﬂw\m Hioeaital ausles a?lﬁ CHrQyidRg ¢ protease, for

insta 0,1 12?612\1@ §}‘/|Ll%&l g‘g% iERkibAE %ﬁcfe? be%ﬁ%yg&oﬂgﬁﬁé/ 8dig primers

pr ot ease nuclelc acid
encodsghbe qonémt doyd semesres eISEQIIDgNOel IamﬂSEQriWOl B (oththeiar t

complsspht RRPS QD STt i S0 Por@ae it irinlaere)- s

invenB8&HMES GREIdAS mRtHRAPHF AnoBpikLusing oﬂecbrcﬂi‘(;@ FpFﬂrﬂé?s ddRsponding to
sequence of NS3 protease for a popul ation of

SEQ Ixd0at 2dt, Br 68, d0sllbrelét or., Comlmdﬂmthemﬁdﬁnmmembwment of the
e R PR S5 850 B o S PR SE NG g agre
multiflé @ﬁ@ﬁsﬁlsff@f gdnbtlip¢iadlalgbis HCV i sol ated from a subject).

In one enbodi ment, anplified protease nucleic acids

re cloned prior to sequenci ng, by net hods known in the
[01 llbr t Am&ﬁ%p%eawu%@f a@lﬁm&eéab%eaue@W&@WC%w%WW@ds

knowh th @k Qﬁ[ for m?ﬂfc&%'hﬁer ge&@en%fﬂ%l. irh L &hiR %ﬁ%gé’[’iﬁ%nﬁyﬁlle%hﬁ)hﬁed

protease nucleic acids are sequenced as a population (e.g., to determine the sequence of NS3
protease for a population of HCV isolated from a subject). In other embodiments, the

amplified protease nucleic acids are sequenced individually (e.g., to determine the sequence
of NS3 protease for individual HCV isolated from a subject). In one embodiment, amplified

protease nucleic acids are cloned prior to sequencing by methods known in the art, including,
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acids are sequenced without first being cloned. [0113]

I n one enbodi nent, the genotype of a sequenced
w@e@ves®el nucl ei c acid can be determ ned by al PgRUSZ08/081816

the sequence with one or nDre pr ot ease sequences of

but nqSF oK gy GEMByGBeEHEE. PLoferrin SanEN b e SeguAEaty nuclec

acids We%%&t?e%@ed‘%ﬁh&lt%rﬁ%egrg ddeqanal ysis can be perforned
u5|ng conmputer software (e.g., Blast) and dat abases on

omput er readable media known in the art. [0114] In
[01 13éhn ot Ineme embodinmnnithe gmtxg@méwp@w@ﬁecbp@@@f@ﬁemmc acid can be

eteﬂﬁmecti Eﬁ CF% r}#g &16 Ss(é(él?e% Wét%a ne r?r rnz%el; a(s)edsee& ncegrgfakr%
genotﬁ%wﬁlfi@@zﬂlfﬂhg ligoproetase seqhicrichof EﬁtﬂM@ Q@tﬁdﬂyﬁéﬁﬁit&@ﬁ@molo gous to the

nucleic acid to controls of known genotype. [0115] In
sequeace;sirmf@aseéw@w el analysisggan Rryretermasigysiieeepinuginsaftware
ggﬁk i, f egenerate
(ag”ggﬁﬁe é?ﬁ%egg?éﬁgﬁé |§ a k%?%?ézgg%ngardless
of genotype. Anplified nuclelc aci ds are subsequently
[0114¢ equiarnnether §8bddineis tln—:agenb@papba sgjuat@d pbyteascskiclelcedid can be
the sc resent

deteregd B Piymbigre KanaisBRute PR et et Tosti thi §ienced

nucle('):tﬁfes) &sha end‘e'%r&@i%e kﬂﬁcl@fépicicf ﬂo%@nﬁ%l"s REKhoh B&lotype.
i solati ng froma viral SpeC| nmen. SO prinmers can

be varied so long as the priners are capabl e of

[01154nnelala migferiod ambpdigicnh i RN Aais il lased Gamrgscamp sanplas dhe

S BBy PRSP P BN o s

of gerfotygice lAﬁnplmmu mRlesdisdidase Bubsciiatly N&ftAncaind/ or  NS4B, or
a portion thereof in addition to NS3. Further,

mplified nucleic CIdS be cloned prior to . )
Wll%equféw%e SPOERHE Sbﬁ%ﬁ%ﬁw i SoeRF ?%Emesqiﬁénvenﬂon
1nc1udeﬁ Yf%nét{o(ﬁg of Jthret ﬁcgty?lﬁlg\fhéiiﬁ&ds nRiheds aflved ik rlmtgﬁdggHWcan be

enot ype n-one enbodi nent, the phenotype of
arnpliﬁnd prtbeut ﬁrst 1|sxv1@1111@EEAf ﬁnomtal vorral Qp@cgnqn tAlso Imuﬁrs ofn SAried so
) t ease act|V|%%). her . qr L men %4§§ :
ong %ﬁ NP 4t “aPh roéé’fmqa n% tEnt |“61i° SiG3Fidpnoaepeargiase region.

For indhéd/ kKB mp1TRIJGREYA nfay abG@ftioh NS MOREe nhlSiciaBMi8BhéRIMg surround
i ncl udes net hods™ of detern1n|n§4the suscepti bility of

proteipidymamssugh st wadS2i Noibi twsk/or N Byyotarnertientbewp araddgion to
t Lnyen enot ype of ,interest is.resistance

3. Pk AR e OF AT AR 08 St b o ReAyerbink s
phenotype a HCV froma patient, a clinical sanple of

H®ethed oot Bhonetypii@ liGVie subj ect as previously
descri bed. For instance, HCV nay be obtai ned from

hepatient's serum A prote omai n. of HCV_ i
10117} o T laaerg@ntfwal@ertpﬁ%w@ Ry O?f determinigs the @Q@I&tme)of HCV. In
one eﬁ%‘dlﬁl%nf: LN GHO o PinkeEL BV DR adehQlon (FRE (REKEENI M3
vect or contalnﬁﬂg t he patl%gl5 ( %
protease activity). In another embodiment, the phenotype of interest is susceptibility of HCV
to an antiviral therapeutic. For instance, the invention includes methods of determining the
susceptibility of HCV to a protease inhibitor. In another embodiment of the invention, the

phenotype of interest is resistance to an antiviral therapeutic.

[0118] In order to phenotype a HCV from a patient, a clinical sample of HCV is obtained

from the subject as previously described. For instance, HCV may be obtained from the
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HCV cassette can be purified by nmethods known in the

art (e.g., maxi-prep) prior to transfection of host
w@eib®390p0119] The phenotypi ng net hods of the PEER1008081816

require a patient HCV cassette. As discussed above,

i BB S MRS B BB S
casset@é?'@ﬁﬁ Be El%ﬁe&’%t@%érbéﬂﬁé%&%rt e WBDRHS vESICdR8BEng the patient

hroughout this application. For instance, HCV nucleic
HCV a@ﬂsdtecem beepusifipd by inmthags kngwy emthieyapdegp emxtirpoepp piimetos .
tranf| .aqg%her nmbodi nent, the HCV nucleic acid is
SS%EPi g <G ?ng degenerate prinmers. The invention
i ncl udes net hods of phenotyping using prinmers encodi ng
[01 19] he Hre’ PReEyin SHEhes 66 tif ini@oh PN alpating IEQ da@ette As

(or their conplenents) and/or SEQ ID NO. 5 and
dlscuseeb abQYéN@C\é npglgicag i ob@HsH dipEhthspatiqiangd apehifipdnNucleic acid

o NS SR TGSl BRATRHR 094506, G i
apphcllﬁon 1HorahstditepHCoompl@reeit sat beaeplified @dHEendhge specific
ion relies on

phenot ypi ng reporter s tenrof t he. i nvent
pﬂmeas Je e Prqanw@esr rhﬁ:ﬁ ¥onpieicssyd i aﬁ@@? fl wsigg dggencrate primers.
The ifRGAGH MRS BRAOHEST rﬁ%hegﬁ%lgggﬁreg rﬁ?ﬁnes a%afrregaQé §mino acid

reporter noiety. In one , the screening
sequeness tod SECoIIHNIOs é sind Si@) h E): 8dbr theirenopthinragytsd aed/or ShQrI® NO: 5

and S PRRfTREE S inER SRR sRRyal foftt SioRe wlp BB Ded o
phenoty}fihHG8Se FRXbITHERCHHIRES c&’fes‘?@&ﬁ?%@%@@@ﬁQ atd, '798 10, 11 or

proteins allowed in the vec A, 4B, and
12 or gemplemenis tharedfii ze or reduce non- specrfrc background
noi se signal) and a secretable reporter. In another

Thodi . ; !

o120f BB ST L PGSy RS e Mg o

compﬁ&)s a Ao kticacse eicdtimpl arep@pdmicety, dush yet sasrethbiereporter moiety. In
di ment, the screening vector |nggﬁg§§:HCV NS3

one emérrﬁelg% thesareeniggvectgr comprases petyngcl ngedigg opg oympre
HCV %@a&%gﬁﬁﬁﬁg%ﬂt@ﬁg LhEE sedrfaik 'réﬂorﬁ)é? t n%%lﬂ%? Ern odiment, the
enpodi nent t I nc

screeni ng vector
screertied vedeanclddgs MEBimbA fuenlgpr of HEY miemdrang aasneraﬂngrprcdemeﬁllowed

B R TR L AT R
mgnal@ Qhy 5‘ 's'é‘dr@r%lb %o@t@? Oofghi St hE M DB misk 'tlféas%%enﬂl@aveé‘tgr inefydes HCV

.g. the first 6 amino acids of 5B) and a secreted
NS3 Help@ret, éA 4BnS AN (egrbbt ﬁemuno aridysE SBonandre ssarctadie iporger. In
enin

ver arfUBEERPLbEnt O -G Bt FRLRGA BT ASTITEIE. Ty 4p (e e

first 6€ME06 bEigs bIEB NG dNcotctdEErefori@ Th il yichen RS AIRUBASE, the
domain and a portion of the helicase domain. |In one
screening vector includes HCV NS3 Helicase, 4A, 4B, 5A (e.g., the first 6 amino acids of 5A)

and a secretable reporter.

[0121] In one embodiment, the screening vector comprises a polynucleotide encoding
HCV NS3 Helicase, 4A, 4B, 5A, 5B (ec.g. the first 6 amino acids of 5B) and a secreted
reporter. In this embodiment, a NS3 domain cassette is cloned into the screening vector. The
NS3 domain cassette can comprise, for instance, a nucleic acid encoding the NS3 protease
domain or the NS3 protease domain and a portion of the helicase domain. In one

embodiment of the invention, the cassette comprises a nucleic acid encoding the NS3

24



enbodi nent of the invention, the cassette conprises a
nucl ei ¢ acid encodi ng the NS3protease domain and a

w@eorwiosm2of the hel i case domain, for instance, Pebus1008/081816
am no acids, about 5 am no acids, about 6 am no acids,

abqut 7 ami no acid bout am no acids, about 9 :
proteaéﬁ]?iﬂ%lalélcﬁ §‘,p0&10 ‘b%h? ﬁq_lg:a %algcﬁgaglls@pcw %utélf aniga acids,
about BeInifG 868 ABBLLY arhifd %8s, bo@MEaRIHICR d¥BMout & BRiino acids, about 9
~screening vector conprises a pol ynucleotide encodi ng
amincHEWsNSAoub N) alBo(asidg.or e bf thetheBeapidomamci ds of 5B)
and a secreted reporter. In this enbodi nent, a NS3/4A

n ano nmen casse

HCV 03AB, 5AESB @e.pUbt 6 6agiiflo 81806l TB) dnde dG3tedabpdrter. In this
1.e., NS3 protease and helicase domains) and a
embogigiont, griNDY 44 HeMABUgRsERsitas HOngchintq the serispmng yessen: 1y another
embodHiRPo Sk Rvenlifithy S MnBRL A AR i oA NS domain
(i.e., W83 potast ais] haicashivniaidy) aadra port@aiod stho IN$HA domhint foe instance,
A domain, [0123] As. previously discussed, the HCV
about &zeaige @gﬁwbe%wéﬂamp ﬁﬁ&&a@%getr BHIMRGirs 1ot £ 8 idhgabout 8
aminPadd®, YEWE beRihGILci8N P IR 18 afBRPEG& or(iBord of 1R NS4A domain.
secretabl e reporter). The HCV cassette encodi ng the
NS3 protease domain or full |ength géptease (e.g., NS3
[0123Pr 0 As PSR4 discussedvtbe HErV passtttsi is chanpdiingme sdtcergngg:ctor

ieti . 9., N4 d 5B dth i
compiBhg b eiBahfindide STenf Arep Tkt o i RS kEhuRly 1t ficv
cassethd EHeB8ing @hd N83 pelRéR6 HbRInGr fall séngnlaéro{eaww%h.,mss?pﬁo&irM3/4A),

reporter indicates that the presence of a functiona

the vegiog inpelgicasifeansoding Noraoshpoldi SveNe 4B and Hi). iand thericeter nucleic
: : ' f .
scid QL REork B 1R bR kel o Tl Wie IR Mgpat from the
secreted egpstteninticates éns fthegirednédofiufiectional dsirtd domes. Th bnone
nmbodi pent, the screening vector is transfected in a
embogignent @i fhe [vieation, the vectayas udsr they qogirol gfia CIMV progotnt
to note that the systemis not limted to Huh-7 cells
[0124P7 " 'Pﬁérs%ije"enfn%pxlebﬂbg’ Bf & lihventiN ceﬁ%@éﬁ?&tﬁ[&ﬂl]‘%nﬁ@&é’d fr&fumerous
system that Can be used in a phenotyping assay is
cell lig¢sovin oherciabgdiment? theAsradapigotcetdr isrfrabisigated iRa 28858¢ll line (e.g., 293-
tivity is |linked with reporter activity (.., . ”
Fs el ibb oy T PSS M D) SonBRustedib? Ry gusd
replicBh 6Misd n @@epl AN HOP RjosteLfstdnt MABERM188d & a %o%ﬁ%g assay is
avoi ds the problens associated with transfecting .

showif guiigjrePhety dqpistecbin HgurednNSB aptieity Wiaked wrhuenokisT pefivity (c.g.,
secret?% gurcﬁé%agg acqivritﬁ). o'flllees[‘}g%gg gf; lylg&r% 'o%d?i %agg %112(3 é&en%ﬁténft

[0 122?j 0 maIlnnotn% ge?n%gﬁlf)ngeg:tﬁhg | c?%ftel(ijtﬁljxgetc?or%&grﬁlpﬁgerﬁ?ae;?%&cﬁ%ﬁag %ﬁecoding

cassette en uncti ona
transf&RRBIITIDNA layid adoifisithe tprsiérhs pysodiers evitharaisfecithd RNA.t he
pol ypepti de cl eaves the reporter fromthe transl ated

oL RGBS PSS SO e A L

of de%f%ﬁ%ﬁfﬂﬂ@NSﬁ A sSRCERLES S 90 @Inal gﬁké&@é.es"petcﬁﬁam},%sﬁﬂ&?onal

functi ona pr ot ease donal n er eas
protease domain within the polypeptide cleaves the reporter from the translated polypeptide.

If the protease domain is not functional, the reporter moiety is not cleaved. Accordingly,
detection of a secreted signal indicates the presence of a functional protease domain whereas
the absence of a secreted signal indicates the absence of a functional protease domain. In

certain embodiments, a weak signal is indicative of an inefficient protease.
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the absence of a secreted signal indicates the absence
of a functional protease domain. In certain
weedpotsoeent s, a weak signal is indicative of amCT/US2008/081816
inefficient protease.[0126] The reporter capable of
ecretion can be any reporter nDieté known in the . art

0126~ s reRpyicARARS Of y5Ereriap 63 Bt AARAYIE ey dupupiip e art. In

one ciBod@nfd&l ﬁfét@?&t@er Rh Y o Blct BN RECIGI MY EmBItY Lith®Wkr@Eble on
secretabl e after being operably |inked to a secretion

its owsiognedretpelotaftdebeinmopanail éinkehoadicaretion sighd peppds. tloranother

apabl e of secretion.is secretable,luciferase. In .
emboff AP F Rop I P EHCR 15r TP Eur et LA T R ord dpr ugiforase
to prok/ el af RER M| SHBSH I AluSi feTbisel subStraAY Alubt Rraildfle Oone embodiment of

_enbodi nent of the invention, the host cell containing
the iny¢pdiopeibe psterll cprtaingmeathe ivesion &f thomvartiandis gpnrtactgd with a

- [ e ' t.er
ueitelllE WRLAE T80 LBt fveno PSP ARSI Slen B RGNS haded o
cells andsiretultige sipgiad reud. Tre@tt. enhbdbdonent et eighaeint flubkfScent signal. In

signal is a fluorescent sianal. In one epbodi nent,  the

one crghegigient, Serignyl By cHePhBEEoRnbIGY T H thpartalor instagee, using a
i RS B DG b PRERO B it (i n B RS0 S AP
reporteemorcties candl gt bessed anthalsgstelneproseiing that the rappsteempicty is not

roviding that the reporter noiety s not qtherw se . .
otherisg Bispt! Th erral i Liaddo Eder (e g o difrutizls Sportey Haietics
inclu®Ubitald fot' BRRdEr sERpeti es i ncl ude, but are not

iTmted to, SEAP. [0127] In one enbodi ment, the

ﬁhenotype assay of the invention can be used to '

[0127¢et elnrAngembadiniat, the plewotype lastas of thosinwensionichit be nspdgn determine
ant kviral | treat nent O ... Prote inhibitor . ...

whetBFR I ol SSRERRE T oo RerboRREwe € P Bty

therapel€ic)s ah @ empodiarholiosat&lsconipaising dhaMcidenth gfed®r atd®@ntacted
drug can be serially diluted, If the drug prevents or

with & @ygc dhe drig copbe seridly Blutedndf thegtsng picyenther iguges the secretion of
the reg&ftgctlhle ¥t effﬁai\@ b {dhGhitif) th\élxﬁrgl REREEES detd@nine whether the
et et m ne Swhet her' the dru preven?s or reduces the

drug reamet orandwaks tHeasecrepar dthe raportep arrtgrtes sistra@toan banddel, for
: added,. for ipnstance, a luciferase substrate can be :
instangeicpdeifgraseruby B Fndhe 4deq liehe Epaus ™ Biegnre Sieatldniepsity can
then HedRtd-RgRgbe determ ned. [0128] In another enbodi nment,

t he phenotype assay of the invention can be used to

det erm ne whet her a popul ation of HCV (e.g., an
[0128p o pulnzanpdhar enbeddvicits Blcgthedotypomnsay sllthp evtehtipnscan be used to

Susc i ble tq an ki ral treatnment s rot.ease ..
aeterefiff SHRIHSE FrRafh AHG Y ¢t h pERUTER e HEG in BT ERRP Eeubicen
is sus€PPIel 6 iah GnGiF£ ERA tAGENY QL. OfrdteaWiah®itor thetipyuttyaln this

screeni ng vectors can contain nucleic acids encoding
embogjiinfong hesh £elNSDIBY SIESSECCHB BTCHEISE VERICH! Hatyiduat spengre vectors

I T TN
HCV reeposttastedetth widiyg. CHit dreg dat by serialid dilated depatdrisebstrate can be

aboye and el sewhere herein. , ,
added, and reporter activity can be determined, as described above and elsewhere herein.

[0129] In another embodiment, drug resistance to a drug of interest is determined by
contacting host cells transiently transfected with the screening vector containing the patient’s
HCYV cassette with a drug of interest. In one embodiment, the drug of interest is a protease

inhibitor. For instance, the drug of interest may be ITMN-191. In one embodiment of the
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[0129] In another enbodi ment, drug resistance to a

drug of interest is determ ned by contacting host
w@edbsstoennsi ently transfected with the screenP@mUS2008/081816

vector containing the patient's HCV cassette with a

: drug of interest. In gne. enhodi nent, the dr f

invenigg, glaeeéwg PLiSTR e VR e & Seriby qﬁﬁgﬂﬁéﬁf@ 1Phe Drug

resist&Hcl'% i@flichial 8 88t sclRYioR 8 IhEVDbHRL Tn bt SRR IEADANLRRbIe
of theinvention, the drug of interest is serially

lucifertist uttbel rqpertgr, and e hicafietape dilistrateds addott AJtEy adddtiergof the secretable

..resistance i.s i,ndicated b he secpetion of the ) )
tucifef 8 GRSy ERHAT LB IRHES) PosaTopawh O Berparggand intensity
of thetsii@al, @R@NAISTs cak Ferfoificd & A ENDStERERsthifecaddl 86k embodiment,

After addition of the secretable luciferase substrate,

the EGQ5Gyadwesl capibe determingd b plastieeicppeersezigls agametdrog comgsntrations.

: n i Nt i : ' L, i :
S G TR NN
patiecr@®iBVrent , the EC50 val ues can be determ ned by

plotting reporter signals against drug concentrations.

Any jncrease jn EC50 val ue in fhe phenotyping assay . is
10130 i KB Thego g pingirghedseql Sheaipention cahoF BRFOEINcYa g dsquehput

formth?hé)&%FE%d’l%i)S‘@erH?Eﬁ?Q§ nRhsdrO8nd W&B%Q%%@%ﬂ@ amendable to

perfornmed 1 n a high-throughput formt. ecreted
robotice pordnereniteo deagy, dutomaasuallewand 2pdventdi(spidatgrsiystiendor s
anendahl e to i C I n_gne enpodi nent, automation
apm”é?@%aggg’&%ﬂ6@22@5@&§%SH%F@F%P%A?¥on for approxi mately
96, 144, 192, 240 or 288 sanples per day. Nucleic
ANu@teid A¢fas] The invention al so provides isol ated
nucl ei ¢ acid nol ecul es encodi ng a NS3 protease domain

of a HCV NS pol yprotein. For instance, the invention
[0131] nc| ThegsvensionalseProvidesapelated nyelcippickmplssulensnsaring adNS3

; : oD .
SRR B TR ar o B
nucleidengis molanla gposdinga NGB pactgassudomadomai optiohallyom®S2 domain, NS3
. emhodi nent, the is ed nucl ejc Ld mol ecul e encodes
hehcaagﬁm%ﬂgéf\ dggin, K q9%ﬁl%6_ pr ﬁgggrﬁ()ﬁ@l%er A PagR of Any
such @glilern GEResio®hlnt, hb ‘?so([jhlt'é;{ ﬁllc@ei@%ig n@éﬁ%&o@é@%ﬁ%ﬁon of

a NS3 protease domain an east a portion of the

NS2, padingebpetas emgunawich1 i, Inhwotisr gobydimentethe. nuklsic acid molecule

encodst ASRGTEt BRG] TeioNen D oE oSG et St the s

polyptéiit Fabmuande, ¥ iRPerioh thcludR @l tisobatédhitdeiagéid snolé@éncoding
6 am no aci ds, about 7 am no acids, about 8 am no

a NS3rptegse demaanp aad afrtpasd abit demine acie gbout@ amne ecidsiaiguidy amino
' o 2 \ n ) '
i T8, o RSNSOI B398, A0y b G0F AL BENTRLIo i

acids eneoftas the NS3 hpli@ise dsmatio MRbhe crabdibdhehedfithairentioritie, isolated
and a NS4A domai n. For instance, the_ invention

nuclejerieid elsculn cRernt B mieraicdoney amby Bhqhicascelami.igd g NS4A
domain. For instance, the invention includes an isolated nucleic acid molecule encoding a
NS3 protease domain, a NS3 helicase domain, and at least about 4 amino acids, about 5
amino acids, about 6 amino acids, about 7 amino acids, about 8 amino acids, about 9 amino

acids, or about 10 amino acids or more of the NS4A domain.

[0132] In one embodiment, isolated nucleic acid molecules encoding a NS3 protease

domain are obtained using the primers of the invention. For instance, isolated nucleic acid
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NS3 protease domain, a NS3 helicase domain, and at
| east about 4 ami no acids, about 5 am no aci ds, about

WO 2emiosm2aci ds, about 7 am no acids, about 8 aPE€TUS2008/081816
aci ds, about 9 ami no acids, or about 10 am no acids or

re of the, Ad in. [0132] .In one enbodi ment, .
moleqils g éaogﬁaaé uging %FBP%’@W }iwaa?rﬁg ryanggaer cmbodiment,
isolat®f AIBAS Scid HHU AU Aol MREREDEnH BN ol rRhbTRE SR b RBIplify a

i nvention. For instance, isolated nucleic

NS3 regipd megaeti edsed gerntye Tistiavension disiludys Neaterbmatlgipecids obtained

. ifi ' | th ' i so
wsing fERE afhg o Rl Sl Sher N org FekiEiRne: 3 or
their ddnpIBhéntHendGrSeQ W WP l5iahy SEQONSSNIRYI (@NtheRGB Ml @s®t)f The

, genotype. The invention includes isolated nucleic
invengen ¢80 sistuslicn isellatesl nglopt daidsr ebtaipebwil oY ragHe MIMEES d

e f 1 i I r ir
core PEMARRES PTGy 93 PR % 5F e &b Rep it or
their conplenents). The invention also includes
[0133] sol Hiceidolated netleicacidinokbilas oftlc irsicngorocd barsingde-etranded or
ol Gfringled for s BEC COHPR R N ar ogF In(apLghjrctys nuciec acid
moledufiRlBEAHIMHRbEISd AGLIHofR: CFH BStaRlc, G URYENG RIBIGAR of the
be singl e-stranded or doubl e-stranded, for 1nstance,
inventguidnebestreaertiedinDNAuciipend onveortei ronleondd sibststutiond, edditions or

aeleripffoTBe S5 1rEon R bRO" NP UREP L atetse "Dk HREus, i rpre amino
acid sGBHtRRNS! RRATRAs BY dIBESRIKCIRGIARE 180 tROER oBEHBRGA. de

substitutions, additions or deletions into the

correspondi ng HCV NS3 nucl eoti de sequence, such that
[0134pne loranpdeecrahedioienic e iseliesk nuclis emd moksylaafhsingention is at

' re i |-t .0 r .

s IFLEL] ANAE, MM QLB Lo SURGUERR" LS g
about20In@clgbdBf ot dbeut 2o/euddodided B ladgth ead hytahiords uhber stringent

.nucl eoti des, ahout 12 nucl eoti des, about 15 ,
conditions| ta #iq sieic ayid molocalagormmatsingdit &astgns Y Spucleotide sequence.

nucl eotides, or about 25 nucleotides in Iength and
[01350Y BT EkZ&%is URHIGECt & !'fd)ﬂ}‘aﬁl'ittatiﬁg B ducRSadi @ o uRYGhEF

acid nolecule conprising at Teast one NS3 nucl eoti de
expressergmiptif 3186 hlsbipsividas [Anyavedtoreet lmsscdlismay be used (e.g.,

replicating.the, pucleic aci,d nol ecul es and f.or
prokagRe o8 Ekaishitsy s MAHY v G e s s v BR T KR ok s
purpoS¥s. OIS twetiaditisin MY skie ofhe Art(t6 sdlect aRraPERpYiBHeis6t fBF the desired
eukaryotic). Many vectors and host cells are known in

applicafien. gl onfepmbodanenu thp vewer. is pEDNGgaid| thevhestcellstdie 28%F B cells.
of the art to select an appropriate set for the

013125 G PR PR I 1S ¥E B S
using pechiriagetesicthods ars @batdnrignal uedheiqueamidhbrs egliknoes to those skilled
s S B e R P BSL BS i
o (LS PRS2 3K SIS (14 1y AT ooty
refereMd, Imay betused. Probes for isolating such nucleic acid sequences may be based on

published nucleic acid or protein sequences.

[0137] The sequence of an isolated NS3 nucleic acid (or polypeptide) can be compared to
control NS3 sequences to determine the genotype of the HCV from which the nucleic acid

was isolated. As known in the art, similarity between two polynucleotides or polypeptides is
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al. (U S Pat. No. 4,683,195 and Mullis (U S. Pat.

No. 4,683,202), incorporated herein by reference, may
wheoassm21 Probes for isolating such nucl ei ¢ acPdI/UsS2008/081816

sequences nmay be based on published nucleic acid or

rotein se 0137] The sequence of an isol ated
deteﬂﬁlégé E& £P1ap l%fﬁa ntl%lr[iot Rt %fé@ SEANGSANdd s aRssY dgiucieotide

or amﬁf%%f@iub%iﬁﬁt& B¢ Hﬁé‘ﬁcﬁ?nﬁc@eo@ﬁ& B H&l%epttﬁ% t&ﬁ{é%é{&%c@f)f el £b°eond
fromwhich the nucleic acid was i sol at ed

polynuqriedzttd@ capolypsptidd. aklse mden wetba attwo"igaitipyl w&hlebmaaasth@ rdegree of

det d tid
sequefife RER SR o & A TH PRI o SN B RRL P Slsh O SRR o
deterrﬁﬂﬂe@ By &6 idemPSF thethAsh BdtweALHRPIMAKCIRAEN Subkices. Both identity
pol ypeptide to the sequence of a second pol ynucl eoti de

and sigyilapsy| sandistrearbly calcadntedh@wmputational Mpteculer Biodegy Lesk A. M., ed.,
OxforanQeerrsetsg E{Fev&g? g{ke ?9@{ B%gc%grﬁﬂl%ﬁg {jlgko%hl%ggsea‘?n% (eg}o\ﬁ?eeﬂq ects,

i’de or Sequénces  as

Srmttht W e elcday mihPreb <) &Veint Yyrkoﬂ 993 € offgiucdi Pbﬁly&ﬁ&ff Sewence Data,
i.ngs of such sequences, Both identity and

Part Isﬁllﬁfﬁnaﬁ -, s CHEM, &b 4.1 §s ¢ lugtma Perss, (W@Iﬁ% il 9tk ISequence
Analygg i RHI&L 1&'1:91)@%%,1 S gr;féﬁ%leAG '>40’ad&{:11c’P1r%§f N ; . b § u%%éey

ress, MIYOF oconputi ng ormatics
Analy@srﬂmmr%npﬂmtvsl\/l. and DiyerBux, W, zdse,dM StédaolePicss, Rfees¥ork, 1991).
New Yor k, 1993; Conputer Analysis of Sequence Dat a,

t
o138 - yhite el iRk bt g Ahodh o ablbyedidetig afd Siitaripy between
two p&%h@é}léﬁtﬁfe dBip8lypeptideseudiBEN R tefhs "iAGRAELTHNG "BhBRSity" are well

and Sequence AnaIyS|s Primer, Gribskov, M and

know DBy Artion (%@Elencewgﬂm&mdﬂomlelglstﬂm vor Keinjoh,)
Acadirgl%%;ss%é%e h?é(%u%n 1)1(a|11§§1s TI %b Fov rﬁt %qﬁeve?eux J.,eds., M

neasure’ | ari vvéen

Stockﬂm| BmupNe@thde IB‘)poAd/(Dﬁﬁltd te, Sdqupnesd)., tsmv[tJeA@phed Math.,
enti t¥é and "simlarit are wel | knomn to skilled

48: lQir?t(.l s %@Wéﬁ@@%?lyﬁ&w 9 dosrevig identBy or sigilarippbetween
two sﬁﬁeﬂée@ nc de ﬁ&taaqgn%{}fh hJS%%YSCIO§§(gH16§§1§G ﬁ(‘ﬁlhgé CBmputers,

vereux
Martitst dBikha) e&’r; Asa;denhleﬂre\és,rﬂan 1984, ;19ahhn@a&Tairil lopH., lind Lgmehn, D.,

S| plied Math., 48: 1073 (1988).
SLANkL Egdg%ﬁmﬁﬁAG%éﬁgﬁgﬁed to determine identity or

simlarity between two sequences include, but are not

[01391/am tefricd rﬁé’t‘l‘i&ﬁ 16l 4 SteHrRine Nty Gk d8sifitdily gfveq@m&e@f Satch

rtin J . Bishop, ed., Academ c PreSs, San ego
betwetg e, twarsdq@aced teged. |—Metlmd§{ td dgderamne ment1t$|aAd/|sgmlar1ty are codified

ed Math. 48: 073 198 9
in co gl e ColmHET “a%%?%ﬁ%ﬁe%%ma? VBRI RGGgaeRy
betwe@ﬂhﬁdﬂ shpEn&e hditR, bmlréﬁ@tuﬁﬂle@iswt @eGestoghat lbmﬁsgd ®evereux, et
term ne identi tégand simlari are codified

al. Ne@n@eud&esp}?d@} AFECLOEHok A8 T By BEASHNREARSAs(Atishul, et al., J. Mol.
Biol. ggﬁt ﬁdg“@@@o Pé géeéx- %5‘1?31131?1%@1 aorlr 1 éﬁ%ﬁ?ttgwgtg %e pl? gatF%ned as
the de}gﬁ&kﬂg@an(t@eb'aweem(the eko sequences, often indicating a derivation of the first
sequence from the second. The degree of identity between two nucleic acid sequences may
be determined by means of computer programs known in the art such as GAP provided in the
GCG program package (Needleman and Wunsch, J. Mol. Biol. 48:443-453 (1970)). For

purposes of determining the degree of identity between two nucleic acid sequences for the
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al, Nucl. Acid Res. 12(1):387 (1984)), BLASTP, BLASTN,
FASTA (Atschul, et al., J . MIl. Biol. 215:403

W@ 28905921 The degree of simlarity or identityPCEUSI0&W1IS1G
to above is determ ned as the degree of identity

tween t t wo se ence of ten indi cat

prescRi g PRPARB R oot g @scﬁ <R b gluiRn perply of 5.0
and Ggi\qgg)gglsg{n dedlgms bty 3bet wveen two nucleic acid sequences

may be determned by neans of conmput er programs known

in the art such as GAP provided in the GCG program
[0140pac k’ﬁl@m(fm@mfglﬁlmﬁ capemmassesahcthgds fonvpriodu@ngh | translated
pol 8[1(146 0:% tﬁ"sl%vé 15970 i ﬁ&Vpcag%%%s Ison % 1nda§e tﬁeerno greemn vector. In

yp@% of Vel gbetween Ge paC| guenc ces

generﬁl&émﬁsh ﬂ&ﬁﬁ‘ﬁ@i&hoh 69@ Pdcbﬁfbma%r@&ﬂ al}ﬁot@ﬁletﬁpl‘%lﬂﬁmkfbﬁes the

follow ng settings: GAP creation penalty of 5.0 and
followmpgstert- ensi on penalty of 0.3. [0140] The invention

further enconpasses nethods for producing a translated
[0141@0I YR glﬁEl'e{%eacQ{] mbfREulk WERE bRRinkE g el?cotﬂgsva N§§ z%tgaﬁse domain and

| oned 1n enotype screening vector.

optiortadly msS3 hhldacapﬂf actliot No4A dbmains e @ hﬁhhdaintac]fdan@heuﬂe & then placed in

r in t ca i nvol ves the foll ow n
operafetkheh with bl onBH a5 nencey St ol bt M AdifiLeo i art or all
of theN @?@yﬁfﬁ%&ﬁ ?esdﬁ NQaBi NS@)@ aIRPeI tpBAd ﬁi@leuﬁg’ tch%'rﬂncaﬁ%% ression unit

A domai ns. The nucleic acid nolecule is then
contalpl@:tb@l pratein peqarat@laémglfwln@g ghowxhessisint ] ie usoltp tghsform (i.e.,

‘[1ransf§<,ﬁ}:1 Y 81]11&3?)?] rﬁi t:h gﬂa‘& %]inhe (heosgls cuﬁg&% {ﬂ%gﬂ&&l&lﬁ t%at allow the

produt @RO6 tBE rd%@hfbﬁidthﬁpdl?pefpﬂﬂm BRoR ¥RIJasEd st tlﬁi@bélgpeptlde the reporter
contai ning the protein open reading frane

molecuiqs skpgy rfamltltle palypepiide aad sqcagied Gemthe cddl if thapatepweanyicty of
I and the transforned host is cultured
the pq ghﬁ%@n ??%%s that allow the production of the
reconbi nant pol ypepti de. Upon production of the
[0142po| yipeshtoif dles, fotdpeinmgeypepsicen barad@aplishddsin @l vaaetychffways Edre
eptide.and. secreted fromthe cell if the of ease
examﬁ& A §ORIUEHRN FSXPErEROR Hectprs thaiAeg orsHEle Iy ao&aﬁyfy s 1s

accorfﬂfhsh&?usflr% eﬁﬂ)%ﬂ?giteglteﬁﬁ&tﬁ %ﬁd bEnRAGORhESh R et Pordh above The
vari ety of ways. For exan‘p e, the const rUCtl on of

contrqi%pqt@ssesomm@@mmcmmanchtrmmtaabn encithoda armiqpem@enoon the type

haosts i.s acconplished using .appropriate rep .
of hoyl R Pttt S5BS EGCnd AP gRPR G BB iR iy HRwise
know# ﬁq%@gtﬁ@ SkillRd P 8RO IBuEKIE @& strictRNGitkd @S HfAHoMBin@Mly available, be
ds are dependent on the type of host cell uséd to

addedgi@ phee@sis ohthegedmgaaaiones &o & tepuegéian excaieblgidene fy inpest into
these ggcq? b s(i)(tﬂ?e%ra\%ssa clé{ll Qé%a lg Qtdeg)% ! 839 Hq?st/%x#tlegs?c% nﬁl@ etnbl?no%vt{ in the art

e restrlc ion Si
for usawaihl thbhegleibaciddasecles dfhke Resiof o pheiucodi Idegreﬁﬁemﬂﬁﬁant
so.as to provide an excisable gene to insert into
polypepicée vectors. A skilled artisan can readily adapt any
host/ expressi on system known in the art

[0143] A variety of expression systems may be used, including yeast, bacterial, animal,
plant, eukaryotic and prokaryotic systems. In some embodiments, mammalian cell culture

systems are preferred.
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for use with the nucleic acid nolecules of the
invention to produce a desired reconbi nant
w@ologpsgpei de. [0143] A variety of expression SPCI/EAR08/081816
way be used, including yeast, bacterial, animal,
p eukaryotlc and prokaryotic systens In sone
8 ent s, manmmalian cel | cul ture systens are
preferred Vectors [0144] Expression units for use in
[0144; he pkpReASn LMKEOE LR In\hd pre@@NBIEAtioh \Qﬂﬂ%bﬁl‘ﬁytcbﬁlpnse the
ol l om ng el enents, opera I linked in a5 to
follovong elemenisopperably hah@cmrapi tQ) @rleptrabwmtaetran@gert@m@rpmoter

opera r1r1]1pr%1amm 1an cFﬁs({e géga oM ers)gglltig )dra]l(%sae (}e ngnﬁé% f&% 8 €.,a

nucleﬁfacﬁi d'mucsdhﬁg oS3 Ad oﬁ‘zﬂﬁ@dlélﬁ @mﬂl%ﬁccﬂﬁﬁ)g R8s @r&eerﬁaldahl,ame} DDNA
sequence encodi ng at | east one additiona

sequepes @codlmsat lsattiong additigpad BISSdonpaip 2w BiSA @ehcaée/éééﬁ/éA (when

using SHTRELF Lottt RSTDARERY AN S et U5 TP Pomppriing

NS3/ésﬁemmbnﬂl3eJna@dltmg [¥BA sequgncd reollingSB (6.gatherfastacardmoakids of
5B)),.and a sequence encodi ng reporter (e.

B)). Akt P&%é@wns&sﬁna?‘gea S SRRPTaB s NsGaBOn A dichahg abese any

other Qrfraﬁgt%ﬁle]ﬁgf th@pIRaL Ee?ss&f%danﬁ r{e? 'fusE&' 826k W Rhif% i fefl i

nucl®ei ¢ acid encoding a NS polyprotein portion may
encodbrg uHEY NA ppb@m/temtp@rtmmhay h@userd\le ﬂter agatorsTofehes glvestioronl’he
not er,
selet & SuidbTe SroRTogaR il e deserminge PEUR sl 50%, el S plL e

evidentto b€ sialéd ande af and hl%(diﬁ\%%d RAre spRetdafll ®aloky bel ow.
[0145] Manmal i an expression vectors for use in

card%ﬁng out the present invention will include a
[0145pr onifeeimadiap srirresssin icrase far mee inreeryingresis thadressat eyentipa will

inclu(%lrﬁ 015%{8)?18%% 9%&1@[& of d 11%%1%% ﬁg tﬁﬁ?ﬁ&hgﬁ \%/f Jth%%ﬁgr? Pr%’t‘&@ Preferred

ceI pronot e ral
promates lindedcavitaWrqmiaentaad ccltiier pfaljnot’erd a‘tfmlmrmﬁefsr lncfl[ld)fml CMV
adenovirus 2 (Kaufman and Sharp Cel | . Bial

promoteip He1maign! atql@“sweaér@nt Hisnaxes ?p(vliﬂrémér ancsSi Bl C@H Biol. 2:
1304- @kwd\/‘?bs g%ﬁh't e SV 4 roﬁlot&%uﬁ%?ig? t%)Mo%ellluiB?d'l 1; 854-864,

promdters 1 nclude the Touse i onein pr onot er
1981)( Pallnar pronsiteralincl 8t tha owu@2@ctadohid@itth, 1 p@8R)erd Ralmater ez al.,

Scien%rt%b}ﬁ t%}{%-??%pl%i%&igned a}g@gla%epﬁggppl}a?(geeﬁlgg é t? ) 6?5 ?g‘%)eprromoter
(Glranpé‘tr 4, N{‘lb aktivs Reef18F 586 @98?7}0%6 ar’uéﬂ@rl e\eﬂﬂr&lﬁgﬁ%r is a mouse
No. 6,291, 212) pronote et al., ibid.).

Vi (Sdeﬂérﬁ?si’@‘fr Mat 6,301, P@Mﬂ)m?me(lmiwwy@ed )scr eeni ng vect or
and HCV cassette of the invention may be introduced

iq&gn bhgﬁ&g manmal i an cells by, for exanple, calcium
phosp e -nedi at ed

[0146] The phenotype screening vector and HCV cassette of the invention may be
introduced into cultured mammalian cells by, for example, calcium phosphate-mediated
transfection (Wigler et al., Cell 14: 725, 1978; Corsaro and Pearson, Somatic Cell Genetics 7:
603, 1981; Graham and Van der Eb, Virology 52: 456, 1973.) Other techniques for
introducing cloned DNA sequences into mammalian cells, such as electroporation (Neumann

et al., EMBO J. 1: 841-845, 1982), or lipofection may also be used.

[0147] In order to identify cells that have integrated the cloned DNA, a selectable marker

may be introduced into the cells along with the gene or cDNA of interest. Selectable markers
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transfection (Wgler et al., Cell 14: 725, 1978,

Corsaro and Pearson, Somatic Cell Genetics 7 : 6083,
wad®ros@enham and Van der Eb, Virol ogy 52: 456PC1LBFB03/081816

O her techniques for introduci ng cl oned DNA seguences

for uslgl?rg %}lturg%%%hgg lcélgzmglg(iegggl%g g@}e gotn&g rgglgtta{ac%gpl( e sn%p}pﬂ as
neom@is ThyRforkyi§Al-anli %ﬂdtrelxgteo 'T%@ elb@abld %[Hrkérhe@e&el ah atnl'ﬂ[ﬁlﬁable

ave integrated the cloned DNA a sel ectabl’e narker
selectatply rrb?ekarnzﬁn ammbﬁdblr: ntloctalile npekdr sncidss ghalDHE Rt deoe Gend).S. Pat.

eret Sel ect abl e ker sf or
No. 62801 PaP b e PR s AR S eHaR hod POLHBLT RAHHCH) Spehnology.
ButtefvRthStibickert, BtéHdlaS, MBNE NariSth® SRETYEbMNsel SAYBIOMEER, is @eﬂ within
net hotrexate. The selectabl e marker may be an anplif
the leyddjoé oxlinasy sliiblie theedtker . An anplif abl e sel ectable
mar ker includes the DHFR gene (see U S. Pat. No.
6; ). Selectable markers are reviewed by Thilly
(&ﬁ%}c@%n Cell Technol ogy, Butterworth Publishers,
St oneham Mass.) and the choi ce of sel ectable nmarkers
[0148] s viEhd inwérttivnralsdoheclhéasel cetf pI@fmiélbiﬁaynasﬂnhhlliani aelltthaesfared (i.e.,

st. Cells [0148],. The invent | so inclyde ell,
trans B?t%4)é9 g)ﬁ}i)rﬁssaa e mp%@oﬂ@eptlf{i E? H}Vﬁlétbon(dJ ?\IS%/AFA)AB/ S5A/
report%f)a%fa&ﬁiﬁrg‘)o the neXFERSS st &I MRINNRR s AR Wé%htt 'ng%nﬁ’én also

he invention (i.e., NS3/4A 4B/ 5A/ reporter).
lnclud@ddrcnltmn of thaskieelts anﬁablmdnmtoneleﬂcmaﬂh bvmegevneguS) tchlgure, or

ent, knvention. a cl.udes, a cul t.ur

a cult r&r GQVedpﬁ%?lear%%r%?loélaﬁ%‘H%‘é? ORAMUEER WS‘IEH“V #g&%?g%%o fgyptide is
sceret6dll théifrRdiuBl will &nldin iR [dpdrter IptidcOWith (RORIB] &Maithout the cells if

culture, in a nutrient nedium If the reporter pepti de
they hage besridfcserl onagatrifagRdawas | | contain the reporter

peptide, with the cells, or without the cells if they

av

(014592 BTSN ok L R8HRTAC AR UK AR A in some
cases prdkarypat icells; ebpable Qfﬁxélngrtralsﬁiernedielesamfaahedr\yldt eogepdUsHNA

capabl e, of bej tran fornmeq. or. transfect

and g@%@g@ﬁ&lﬁrem&h&ga apEnaligny ipest R pi@lt@arﬁ Bﬁﬁi%feﬁl cells.
manmal i an, insect, fungal pl ant and bacterial cells.

[0150f 015Qbst Hoisd co%edlﬁlﬁg A 3bitGts IR GRBShT MG ESidA aré BRwn in an
present invention are grown in an appropriate growth

appropedlf grawthgnadien. Aemetchhereinethe éfrrm "agpiepopleizaeethgnedien " means a

nt aj n trients, re
meciF iR o T O B PTGt et
growtd Wt iRcliBY a tarbbul SRurée, QAitBEEn SOUHCE Rsscntial 4niia@ aBids,Olfaéeus,
essential am no aci ds vitam ns, mnerals and growth

minerplg@pg ggomhrrf@ct@rﬁoﬂlﬁ ereeth aradiion Wil eprarally splose fos @P”$ gtaining
the Dlgg Jo?ls ﬂ? fr& Bhnh @ cg}g‘squc@l%h oY ﬁgﬁrgé{ncg ifffan %g%%{mél%’utrlent

ion or ency I'n an essential nutrient
whichvilg |c01lnplementmn:|yehe sﬁlﬁda‘tbq/niaﬁm oe tledD Bl @nsmud er corahdfected with

DNA construct or co-transfected with
the DNA construct.
[0151] Cultured mammalian cells are generally grown in commercially available serum-

containing or serum-free media. Selection of a medium appropriate for the particular cell line
used is within the level of ordinary skill in the art. Transfected mammalian cells are allowed
to grow for a period of time, typically 1-2 days, to begin expressing the DNA sequence(s) of
interest. Drug selection is then applied to select for growth of cells that are expressing the

selectable marker in a stable fashion. For cells that have been transfected with an amplifiable
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the DNA construct. [0151] Cultured manmmalian cells are
generally grown in commercially avail able

W@ eoogfosoat ai ni ng or serumfree nmedi a. Sel ecti oPCDUSZ08/081816
medi um appropriate for the particular cel | Iine used
is within the |evel of ordr ski in the ar

[
selectiybls A s g SRR BIRS D rreaps i Sgiics o splect for
increaREd tQF Rimtek HFthcthd?l'cg @éciu)énécs 2thgl%1$§ rn&&sﬁ%%‘xﬁrcsmon levels.
expressing the DNA sequence(s) I nterest. ug
selection is then applied to select for rcmﬁh of
[01521: eI | Althavegh the eree@np rre@sﬁmghatsr’r@ets d¢ssuberbl etmlr\klélr rferemce to
cxarn%c% rﬁaogﬁ, ahs,p u[nlcc)iFI 5000 tha& ar1? sorflorthglge%vo%fs kc’:?rﬁg en \§vf1tﬁout (fjcpartlng

esel

from BORFRM LT thiciiFentiBly. Aecdraﬁlgga&ednvaman $d lemedsenlm@ e folllowing
sel ect for increased co nunber of the cl oned

claimg oy sHed BatcRthetafgny aprﬁt:ca iang PekiiraEiens ticrresialin this application
ention has been
Mflm%gégﬁ%gﬁ%&ggﬂgg#%?ﬁ“&#ﬁﬁgre gg&hce to exanpl es above,
it 1s understood that various nodifications can be
nmicemgpiléshout departing fromthe spirit of the
i nvention. Accordingly, the invention is limted only

o153 o1 T on G aRampl o S LFRRER o5 PRT B invention n

any AR GRbe, U fSHne ehﬁaeerx 1iEif1G QF aﬁﬁsrealerd %ﬂéeﬁc@ra@@%ldaﬂofthose
their entirety. es 0153] The fol | owing exanple

| e
that mygle bersedh @égr pmcr:durge mprcshaslolagigs, erofechnaques fnewn thdose skilled in

en nner, shape, or form either
tmamEQ%Y?%%fﬁwaf&?%% icitly. While they are typical of
those that m ght be used, other procedures,
Exampiet h 60OV Oifi3d3omain Degeidratg Pends Msignt 0 t hose skilled in
the art may alternatively be used. Exanple 1:HCV NS3

l0154ﬁo erEag prele obicapgne Shamasr ‘?@w{bg]‘bé{?ﬁﬁ és%g%%ﬁ bt el were

dcmgﬂe%l t8 @.ﬁlpllgl e 'Hf‘gl @@33%@1@& ‘To %@Bkh Eﬁé&{}ﬁeﬁ@ﬂbfi@%dr}ﬁmf @Enotype
desigr the prinmers, I'i shéd Genot

1 (mo§1ﬂm $a ind 1t saquintds) were qqléfwrt,@sand@rllgn@bﬂol lé@ttéyj r@n@hs with a high
ti f i J f

degref g BHGl0 kY - hES HipperkpiEarReristed nby 8 seN it dingmolosy

regio®whslcaddltbd A AEOE RGMekEPetlrnk@s c@rﬁb&é’ds@n@&j to l&cE the

cut-of f frequency percentage can be assi ghed eep
degenetiey gbterfiepignsd pIMeha adase e @ngwnmherammaéc@pﬁ fablog in

dcmgtgﬁg & dc’g‘%‘%&ﬁg I[prlﬁl(r%P I‘r:‘sl tg rg/J t{;' %céqa&'c%rnucfc% a:c‘f’(,os nﬁgt $N8d free of

cmgmﬁﬁmﬁs at nost 3' end free of degeneracy. Exanple 2
Anplifying HCV NS3 Domain [0155] Viral RNA was

Exami;v]':é %m]ﬂlf{lmgr{—]lé\l/il\%fic Iomgialn'pl es and the HCV NS3 domain

[0155] Viral RNA was isolated from clinical samples and the HCV NS3 domain was

amplified using first and second round degenerate primers. The region of HCV amplified is
shown in Figure 7. Figure 7 shows the regions where reasonable homology was identified.
As indicated, “U” represents an upstream primer and “D” represents a downstream primer,
with the numbers corresponding to the Con-1 position for the 5° end of the homologous
region. The second round primers, U3420 and D4038, carry restriction sites for cassette

cloning into a phenotyping vector. U3420 also has the start codon and kozac sequence for
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anplified using first and second round degenerate
prinmers. The region of HCV anplified is shown in
wWo-2@ans9071 Figure 7 shows the regions where reBCSDOSINNE081816

honol ogy was identified As indicated, "U' represents

an ﬁgstre rand E' re pre nts a downstream
proteip tiagpiption; Eurtei’i Tdnberdhe g ‘AAG Y i‘tbont Heongggengtype 1
1solatmﬁ'ph'r&?s 69276 @251, € 00hnd B@Ojgo%% Q9RrHE,. region. The

second round priners, U3420 and D4038, carry

restriction sites for cassette cloning into a
Exampleeh iGN iGegotype Testingl With @ linicahStmples he start codon and

kozac sequence forprotein translation. Figures 8 -

[0156? ho Iggallq%glﬁgs @gﬂedobﬁﬁlge%ig&é/%gqpl@ EE%%%QE g%%j]tg%tal clinical

lab anﬂ&ﬁﬁ&ﬁrtmbéxmtleﬁxan”pl e 3 : HCV Genotype Testing Wth
dinical Sanples [0156] Clinical isolates were

[ hed fro i pl e sourc ncluding ho ita
1577} Al aRencurepaic SRl res PYYESI?}% Byl 3. The three
arnphﬁ@c? E'lhﬂléal%mﬁ_f& BRIWPInNGeRatb&re NSRcFlHenEs p'h%nc?t ‘ﬁ% vb&or and
Fi gure he three anplified clinical sanples s

charagteriZddyrpheadtypmegasseyoned i nt o t he phenotypi ng vector
and characterized by phenotypi ng assay. [0158] Figure

h uences of genot cific .
01582 SHRHR 1RSI AR e N0 SERR VIR TuhSeeifR s isngate primers.
Figuré Makhdvasitit besduts et PSR tempbinf PR LMPNfi Etsion GisBieRehNPee La/b
a/b specific non- deggnerate rimers. The PCR products

specifjgpan-¢iesneralg Pameers- hEhgpBeRIpaedusts wiRls ckaptserdebe p0pulat10n was

Saﬂwﬁ§%U%%g%%e§ﬁ%§£&§e(§M§Qhﬁgﬁ§ﬂ€%enotyping %@@akﬁ 0159]

Figure 3 shows a phenotyping assay with DNA fronia
Examfk-4velCViRlrhetypmig. Ads®1 60] Fi gure 4 shows the signa
vari ation across the 96- mell plate in high throughput

10159} 2 efrs Y SRR e et bk Sy N8 Berh B Sl minicpagp.

and i nter-day. [0162] Figure 19 shows the phenotyping
[0160ECSOFighreMShous thaigml Vhddtidnadrdear Ioeel pfatsid high thRgughput
In vitro HCV replicon resistance studies. The
robotic iit¢indual EC50 val ue of each variant and the EC50
rank order of different variants correlate well wth

oy RO BRSSP, By

numa&geed phenot ypi ng assay can be adapted for a high
t hr oughput system

[0162] Figure 19 shows the phenotyping ECso of NS3 variants that had been identified in
the in vitro HCV replicon resistance studies. The individual EC50 value of each variant and
the EC50 rank order of different variants correlate well with the replicon transient

transfection data.

Example 5: Automation of HCV Phenotyping Assay

[0163] The cell based phenotyping assay can be adapted for a high throughput system
(HTS). For instance, using the assay, it is possible to screen at least 96 sequences at 5 time

points in 40 patients, i.e., 19,200 targets can be characterized within a 10 month period.
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(HTS). For instance, using the assay, it is possible

to screen at |east 96 sequences at 5 tine points in 40
w@atwestsl i.e., 19,200 targets can be charactPeT/E808/081816

vvithin a 10 nmonth period.[0164] Figure 6 shows a flow

hart. dep xenpl ary.steps of an autqmation
[0164Er ot &me 4%}9 A dfony € iﬁ@l%gaﬁ@ ¥Ry of BRAUIOREEPR BEptocol
for a cfe'HOJQs&hl%pgﬁeﬁ’ﬁLa{y QA d%'fa%ﬁ’edq?&ﬁ i De W nExRpR) Gedri®afin

be used in the assay. The DNA can be transfected into
Exampls! | eantlivatsedineths aiperqlibn DINA tarsl teehsuictdd iate delhthst aror

4 t eas cti uch as serially-diluted..
subseff iy isgiod ML RPLNS Yo R the P sB b ik af S iturea
ITMN-U9g] f?lﬁ@éil%sﬂra&e astdRArcpbaert RereR@tihMFdr¥scf a®REBY & activity of

luciferase is determned. Secreted luciferase activity

secretpd lycHgrasatsidgterginedh Sceyetsd deg erase taWYltyylS ingh¢agie ofitheuwefcase
i 0165

sctvib WA Sl R R R e i ¢
reference to the presently preferred enbodi nent, it

[0165% houA ihdagzh uindliw sit@mchak ﬂ’baetn dmcﬂlbnaiwnmaaﬁ@emean dhe presently
nmodi fi cati ons, ul vious to one skjll

preferfeerbadimesini eoyih e g 6 %awéwﬁ ABAIRFHARY R glglﬁ%tfqn@ as

Woul(plge $th8oudsY BAL Li9Ned AAROLA! A lb¥ dela %vﬁH@)‘dﬁﬁEgaﬁﬁlr% ffom the spirit of

limted only by the foll'owmng clains

the inpopwhatticoordofgly,ithsinveionds Upsted eaiy hyrthekelowing ellafmsn
each prinmer conprises a nucleic acid sequence encodi ng
Met/Lys - Qu/dy - Thr/lle - Lys - Ile/Val/lLeu -
Ile/Ala - Thr/A@n - Trp/Lys. 2. The popul ati on of
prinmers of claim1, wherein each prinmer encodes an
am no acid sequence and wherein a popul ation of said
am no acid sequences has the follow ng distribution
Wth respect to each amno acid: Mt (99.5% /Lys(0.5%
- AQu(99.5%9/dy(0.5% - Thr(96.5%/11e(3.5% -
Lys(100% - 11e(69.3%/Val (16.1%/Leu(14.6% -
[1e(99.5% /A a(0.5% - Thr(99.5% /G n(0.5% -
Trp(99.5%/Lys(0.5% 3. The popul ation of priners of
claim1, wherein each priner conprises a nucleic acid
sequence of ATGGAGACYAAGVTYATYACSTGGG wherein Y is C
or T, Vis Aor Gor C, and Sis Gor C 4. The
popul ation of prinmers of claim1l, wherein each priner
conprises a nucleic acid sequence of
ATGGAGACYAMAMGVTYAMIYAMCSTGGG, wherein Yis Cor T, V
is Aor Gor C, and Sis Gor C and wherein AMis a
nodi fi ed adenosi ne. 5. The popul ation of prinmers of
claim1, wherein each priner conprises a nucleic acid
sequence of AMIGMGVAGACYAMAMGVTYAMIYAMCVSTGGG, wher ein
Y
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is Cor T, Vis Aor Gor C, and Sis Gor C and
wherein AMis a nodified adenosine and GMis a
wo@vis®dl guanosi ne. 6. The popul ati on of pri ne€BHUSI008/081816
claim1, wherein the population conprises at |east 1
timer. 7. A population of first round downstream
MPirers, wherein the conpl ement of each primer
conprises a nucleic acid sequence encoding Ser - Thr -

1. TWpopufdtivh @Y Sirst ré’l upsfén prike@ks, whéleth cachpBinter %i:)qlﬁprlfes a

The popul ation of prinmers of claim?7, wherein
c onglkieraerst seqmema@npqﬂmg&épt/bmo@@&bm Hilleo- by dlle/Val/Leu -
S nc i n a popul ation of said am no acid
sz%}dAglnégrgafﬁgsm? E¥0I | owi ng distribution with respect
to each am no acid: Ser(100% - Thr(100% - Tyr(loo% -
2. GTHE Pép @A drQyrBndddp elaﬂn)l$ (\ﬂcﬁ)&%ﬁl caclPhigfndO8fidbdes an armno acid
Leu(1009% - Ala(1 oo% (1009 - G y(1l 009 .
Tﬁ%qlﬁB‘fﬁﬁnéith%f‘ﬁelea noPriseEeE Ofﬁal‘i: Pfﬁ}% apid W@?@F%h@éé% following

f
ST BT S e P S BB PeTeTR R 1S A or G
10. TNEHEBHLUS)AL YD, 56%) -pEutes. S%p G DAL ﬁhr(/%ej%)/ﬁe(éé%b

CocT ORI AR BTN HSF o1 Me@r Lopaly0.5% -

G andhithese) I8 2ripsl fdiptyadengsine, TM s a

nodi fied thym dine. 11 he popul ati on of priners of
claim7, wherein each pr| mer conprl ses a nucleic acid
3. sdbhoenpdatiin doony MAMBDTMSEANUcleic acid

V\g&L glslpend(:e% Aﬁ%ﬁ Aa A&%Q?V'\Ag hym é\%t}% ?@%v 1?% orT,Vis A

pep Ul @td,and Sfis prérm®ers of claim7, vvher ein the

popul ati on conprises at least 1 pri mer. 13. A

popul at i on of . second round upstream pr.i ners, wherei

eérg‘ﬁ PRPYIALRN Farners a5 claimy L ovhirein £aFyPEREH CARUEISEhE BT q?ﬂ@ acid

Gls@q/ueng)er & At @GA(LE( IYAMAMG‘AE"?AM”FYAMC%G@ herein Yis Cor T,

.. The popul ation of priners of
cVaisiA OJSG onﬁeamd A 1&a€1cdn Goridrevheenc AdE® aamodifithadeanobide.
sequence and wherein a popul ation of said amno acid
encshasthefo uti.on with.re

S ST RRRRigt e it OhyrReh T Qubarsh Sa b iatiey B Raglic acid

- sédu%ﬁan&%MTGMGM&Q%@CYAMM@VQ@%MTYAMCMSTGGG wherein Y

isCorT,VisAorGorC,andSis Gor C, and wherein AM is a modified adenosine

Wec

and GM is a modified guanosine.

6. The population of primers of claim 1, wherein the population comprises at least 1
primer.
7. A population of first round downstream primers, wherein the complement of each

primer comprises a nucleic acid sequence encoding Ser — Thr — Tyr — Gly/Cys — Lys —

Phe — Leu — Ala— Asp — Gly.

8. The population of primers of claim 7, wherein the complement of each primer
encodes an amino acid sequence and wherein a population of said amino acid

sequences has the following distribution with respect to each amino acid:

36



10.

11.

12.

13.

14.

15.

16.

Tyr(100% - Ser (669 /Al a(34% - An(99%/Arg(l% -

An(l 00%9 - Thi(l 00% . 15. The popul ation of priners
wo@tooelosgom 13, wherein each prinmer conprises a PCLIUS2008/081816

aci d sequence of GCGCCYATYACGGCCTAYKCCCARCARAC,

The. pSmttaPionT B e er s %) AR5 Rk Meagenioore
L RS B oyt B o

wherein Yis C
or T, Kis Gor T, and Ris A or G and wherein AMis a
mi ik pppwlatéateotaxioess oOpping 7atht§@I1i‘ﬂf©ia€1dp1@1W~‘li einpriseamguatpie acid

s_a modi 7 of
#e%qencerﬁg(%€8$er elgAg:Wprngr conp frg}ggAéVl}leg%lplﬁeé or G.
aci d sequence of GCGCCYAMIMYACGGCCTAMYKCCCARCAMRAC,

WTaE eopulMidmsofGriverd of &airﬁ7@vmreiﬁ,ea&npimﬁeﬂ ébnﬁ)rﬁiés Enadléic acid
wherein AMis a nodified adenosine,

@%@PWQW@%%@W@%&%G%@N@F} CpTFMF?QAs; vgferein R is
C20; L RS AM S8 BT RASTR! RS AnBMELE 1 e
AGGGCATTTAAATAGCCACCAT GGCGCCYAT YACGGCCTAYKCCCARCAR AC,
wHére populdtiansofqriniers Kf ¢18inG7 owhéFeingach Rimsr ¢anaprisSs a higcleic acid

i N AN L G

(HRECES I GHEE XM YACHIEEA YHEAARCAIAG 2 modified
vvhereln YIS Cor T, Kis Gor T, and Ris Aor G 20.

THewewgl ati on of priners of claim 13, wherein the
popul ation conprises at least 1 prinmer. 21. A

0 he%@ﬁpl?ﬁ‘on"&fp?ﬁﬁ&@ gr {1181%‘9' \%’é@@lﬁttﬁeeﬁcgﬂuﬁ’a{doﬁ%r riMEH §lalr 1

eac rimer co es a nuclerc aci
segurence encoding Gy - Ser - GIy/Arg - Lys - Ser/Thr
- Thr/Asn - Lys/Arg - Val - Pro - Ala/Val - Al alAsp.

22. Th opul ati gn of |rrers .of claim 21, V\herelnthe
gngqpé'ﬁaé\%P 3156088 ﬁo%‘rdu {rea0h RS, WHETSH Gish JEYgT comprises a

S %9&&%%@%@%&4&@ Eﬁ%d&hr% RRRWAHOD 1R Bl dapm LL%% aGIAla -

sequences has the foll'owing distribution with Tespect

t ©ledch-dinndhaci d: Gy (100% - Ser (100% -
Ay(99.5%/Arg(0.5% - Lys (100% -

The population of primers of claim 13, wherein each primer encodes an amino acid
sequence and wherein a population of said amino acid sequences has the following
distribution with respect to each amino acid:
Ala(100%) — Pro(99.5%)/His(0.5%) — 1le(100%) — Thr(100%) — Ala(100%) —
Tyr(100%) — Ser(66%)/Ala(34%) — GIn(99%)/Arg(1%) — GIn(100%) —
Thr(100%).

The population of primers of claim 13, wherein each primer comprises a nucleic acid
sequence of GCGCCYATYACGGCCTAYKCCCARCARAC, wherein Y is Cor T,
KisGorT,and R is A or G.

The population of primers of claim 13, wherein each primer comprises a nucleic acid
sequence of GCGCCYAMTMYACGGCMCTMAMYKCCCMARCMAMRAC,
wherein Yis Cor T, K is Gor T, and R is A or G and wherein AM is a modified
adenosine, CM is a modified cytidine, and TM is a modified thymidine.
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Ser(99.5%/Thr(0.5% -Thr(99%/Asn(1% -

Lys(93%/Arg(7% - Val (10099 - Pro (100% -
wWOL@ORRI Val (199 - Al a(99% /Asp(l % 23. The ppEIIUSLN0EO81816

of prinmers of claim2l1l, wherein each prinmer conprises

a,nucl ei c.aci d sequepce. of : : . L
17. o@ﬁ@@@f%ﬁ%@%ﬁ%@ﬁt&ﬁﬁ&? RTINS cprTgises ypueteic acid

a@éhu%néegof’%}@GC@:Yﬁaél-T MY& cleritt A MK @ CONHARIR AL, wherein Y is

claim 21, wherein each prinmer conprises a nucleic acid
séquehdeisdf or T, and R is A or G and wherein AM is a modified adenosine, and
CI;@&I:CCII:AI}KINTNR&“TNGCTWTMWRCNCGCTNRCC wherein Y is
C 1s1a13%11§ i@'nﬂ\ 8 G and wherein AMis a nodified
adenosine, TMis a nodified thym dine, and CMis a

18. made hbpdateort dfirfifers dbelaihh €3, Betixiiéia teheprvhedWoinifRisss Hhucleic acid
claim2l, wherein each priner conprises a nucleic acid
s &flISAROof  GCAGCCGRCACYTTMRGTGCTMYTTVRCCGCTMRCC,

I

D AT AT AT AT FAC AEE PAT I ERrCAR
c |Adl, mlizdgin Whisr @i T Keadh opTj anelrR csofvppr Gses a nucl ei ¢ aci d
sequence of

19, 3REPERT Qe TR A GRS, .er%ﬁé%%%%mp% Fhllice acia

PRiqRh& &f claim 21, wherein each prinmer conprises a
nucl ei c aci d sequence of
CRPESIAMAITBAGECASECEEOATYTT REPAITAT GRECETREC,CCARCARAC,

E%Sfﬁfeeif??ﬁﬁ c§ rc‘b?{ o 8 R 98 ,Ggmé?'ei e

popul ati on conprises at least 1 priner. 29. A Kit

20. CAWphopildEort Sprivhdreef Sa@i 13, vaoRii tesbpalatioMcdmpalhs afleast 1
kit conprising the prinmers of claim13 and clalm 21.
3PN net hod of anplifying HCV NS3 protease domain
froma sanple of a patient infected or suspect of

21. bej _uﬁﬂfoﬁ%?@&o%?&nﬁ%%@ﬂwnﬁ fiﬂlgrs?W%feﬁWht@ %gﬁ lement of each

nucl eic acid sanple from sald sanple using rimers
opriglecacomprisend noklgicracid squalcaienvd3n@Oty € Bai nGBYAog —&ys —

Ry S L AR

fragnment within the protease domain of the HCV virus
22. amuec @ep@EhtTdndMEirhdtS oBERRE ¥ PvIRkeih iR ddadpldthén Df 0SS iRG
t he genotype of said fragment. ' ' ' '
encodes an amino acid sequence and wherein a population of said amino acid
sequences has the following distribution with respect to each amino acid:
Gly (100%) — Ser (100%) — Gly(99.5%)/Arg(0.5%) — Lys (100%) —
Ser(99.5%)/Thr(0.5%) —Thr(99%)/Asn(1%) — Lys(93%)/Arg(7%) — Val

(100%) — Pro (100%) — Ala(99%)/Val(1%) — Ala(99%)/Asp(1%)

23.  The population of primers of claim 21, wherein each primer comprises a nucleic acid
sequence of GCAGCCGGCACYTTRGTGCTYTTRCCGCTRCC, wherein Y is C or
TandRis A or G.

24.  The population of primers of claim 21, wherein each primer comprises a nucleic acid

sequence of GCAGCCGGCAMCYTTMRGTMGCTMYTMTMRCMCGCTMRCC,
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

33. The nethod of claim 32, wherein the fragnent is
anplified by using the priners of claiml1l and claim?7

worooelosgor:r 13 and claim 21 or a conbi nati on t hepeDiS2088/081816

A nethod of deternini ng the presence of a drug

r ﬁ%}i@f@?@ g’a@ Ew ﬁ %%@%ﬁ%nﬁld%{&@sm%é% adeaesing TM is

o) nfodild thyRife, 'dﬁ%/c@@@iﬁod%a%mlﬁeng the presence
of a nutation associated wth drug resistancew thin

the fragnment, wherein the Presen_ce of the nmutationis
i Ade papuleteorodf nrivecrp pbelame 21.0fhatein gacrhem‘ilrscramnmmﬁ a g&:leic acid

L3R A6 O B PRI G EPRL R i

c |YaislU dr3T andiRGS Al 0N lin@fvhrE® MM Rat hmedifitd efyedfiine36. A
nmet hod of deternining t he phenotype of a HCV virus

conprising cloning NS3 protease domai n of the HCV
vilhg §0P1H?t5)na0f§€l’r’éféﬁ pf]@la%g%,dyheégﬁﬁ?qlgprﬁﬁerésomprlses a nucleic acid

PQ& AAQ% t@ﬁﬁm SCTYBTRACGCTRCC,
a secr ete UcCl ?er ase report er er e"iﬁn t he

pwh;crum:h(esﬂcﬂéf ancRdi Agrithe NS3 prot ease domai n, NS3
Hel i case, 4A, 4B, 5A and the secreted Iuciferase

reporter, are erab | i nked so .t hat resence
 dBEPPOHAToNRET TEPSE abaimydfrayiteia eﬁ%mga? Hﬁgm%aenuclew acid
sg Rhéosy of the secreted luciferase reporter. 37. The

od of claim36, wherein the nucl eoti de encodes

H@Cf TIRBTBAATTde TARA LS GERAGHE WPRG SCTY BIRGoGaIIRELC, wherein
OEré%:&nﬁa€a§¢§AFt?9 | uci ferase reporter. 38. A

scréeeni ng Vect of conprising a polynucl eoti de encodi ng
HCV NS3 Hel i case, 4A, 4B, 5A, and a secreted

| ok hepwlston efpeinias of cpet ablwhdréinkiedpapaldtioatcompaiedstat toast 1
of .a functional NS3 protease donmain in the screening
vEEPSF i s indicated by the secretion of the secreted

| uci ferase reporter. 39. The screening vector of claim
3%k1‘(‘45‘@rﬁ§1h§‘n§ﬂ1% an yhsed fat | g8 apmedes HCV NS3

Hel i case, the first 6 amno acids of 5B

and a sectet ed Iu‘c:lferase‘ reporter. 40. A set of

p¥i kibeemprising thsiprigneanofighainy Bhandorlaime?1.conpri sing a
sequence sel ect ed fromthe group consisting of

X plao@&ée doraglvr\lln froS a sam n‘Ple of a mg‘)atlent

C difpéted bn@ispecs efjbng infetEwitk AV osmptigng amphfylng a nucleic acid

conS|st| ng of CCGICGGCAAGGAACTT TAGGIGGA a
q «: 2 sgiaia nemg drsareimacrs of claim 1 and claim 7 or claim 13 and

claim 21 or a combination thereof.

A method of determining the genotype of a HCV virus comprising amplifying a
fragment within the protease domain of the HCV virus and determining the genotype

of the HCV virus based on the genotype of said fragment.

The method of claim 32, wherein the fragment is amplified by using the primers of

claim 1 and claim 7 or claim 13 and claim 21 or a combination thereof.

A method of determining the presence of a drug resistant HCV virus comprising
conducting amplification of a fragment within the protease domain of a HCV from a

HCV sample, determining the presence of a mutation associated with drug resistance
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35.

36.

37.

38.

39.

40.

41.

41. A set of primers conprising an upstream primner
conprising a sequence selected fromthe group

W@ egiostoeng of PCT/US2008/081816

AGGGCATTTAAATAGCCACCAT GECGCCCATCACGGCCTACTCCCAACAG AC

andAl TTTAAATAGCCA
aAdvithiy the fragmigpts pwhsrem pﬁm gy 1%@&19@% ¢ presence

sgrgsl-edsiftiamdte group consisting of
%CGS&BCCGCA GCCGGECACCTTAGTGCTCTTGCCGCTGCC and

AAAAAGCGGEOOGCAGCCGGGACCTTGGTGCTCTTACCGCTGCC. 42, A
plhgarcthosiydclaingtd, whewguampléeficatipe it wadhetehysing thgmoagers of

c O@W@%%J%ﬁ%%%aﬁon thereof.

CCGTCGGCAAGGAACT TGCCATAGGT GGA,

AGGRHAGOHD CHEATnAART piiduotypA.of a HCV virus comprising cloning NS3
AGGCGCCATTTAAATAGCCACCAT GECGCCCATCACGGECCTACTCCCAACAG AC,
A@tmwwm@ﬁ&%wwe@e@@&mm@@@@?mmwe AC,

X5 $@%§l} %%’ seBREd luciferase

reporter, wherein the polynucleotide encoding the NS3 protease domain, NS3

Helicase, 4A, 4B, 5A and the secreted luciferase reporter are operably linked so that
the presence of a functional NS3 protease domain is indicated by the secretion of the

secreted luciferase reporter.

The method of claim 36, wherein the polynucleotide encodes HCV NS3Helicase, 4A,

4B, 5A, the first 6 amino acids of 5B and a secreted luciferase reporter.

A screening vector comprising a polynucleotide encoding HCV NS3 Helicase, 4A, 4B,
5A, and a secreted luciferase reporter, operably linked so that insertion of a functional
NS3 protease domain in the screening vector is indicated by the secretion of the

secreted luciferase reporter.

The screening vector of claim 38, wherein the polynucleotide encodes HCV NS3

Helicase, 4A, 4B, 5A, the first 6 amino acids of 5B and a secreted luciferase reporter.

A set of primers comprising an upstream primer comprising a sequence selected from
the group consisting of ATGGAGACCAAGATCATCACCTGGG and
ATGGAGACCAAGCTCATCACGTGGG, and a down stream primer comprising a
sequence selected from the group consisting of
CCGTCGGCAAGGAACTTGCCATAGGTGGA and
ACCCGCCGTCGGCAAGGAACTTGCCGTA.

A set of primers comprising an upstream primer comprising a sequence selected from
the group consisting of
AGGGCATTTAAATAGCCACCATGGCGCCCATCACGGCCTACTCCCAACAG
AC and
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42.

WO 2009/059021 PCT/US2008/081816

AGGGCATTTAAATAGCCACCATGGCGCCCATCACGGCGTACGCCCAGCAG
AC, and a downstream primer comprising a sequence selected from the group
consisting of
AAAAAGCGGCCGCAGCCGGCACCTTAGTGCTCTTGCCGCTGCC and
AAAAAGCGGCCGCAGCCGGGACCTTGGTGCTCTTACCGCTGCC.

A primer comprising a sequence selected from the group consisting of
ATGGAGACCAAGATCATCACCTGGG,
ATGGAGACCAAGCTCATCACGTGGG,
CCGTCGGCAAGGAACTTGCCATAGGTGGA,
ACCCGCCGTCGGCAAGGAACTTGCCGTA,
AGGGCATTTAAATAGCCACCATGGCGCCCATCACGGCCTACTCCCAACAG
AC,
AGGGCATTTAAATAGCCACCATGGCGCCCATCACGGCGTACGCCCAGCAG
AC, AAAAAGCGGCCGCAGCCGGCACCTTAGTGCTCTTGCCGCTGCC, and
AAAAAGCGGCCGCAGCCGGGACCTTGGTGCTCTTACCGCTGCC.
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