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{57) Abstract: Methods are provided for sensitively quantitating at least one pre-selected DNA. sequence in a biological sample

utilizing hybridization methodology, the method employing as an internal standard an infections bacteriophage particle comprising a
» detectable target DNA sequence other than that present in the pre-selected DNA sequence or in DNA quantitated from the biological
* sample, and as an external standard, an infectious bacteriophage particle comprising at least the pre-selected DNA sequence.
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- Hl GHLY- SENSI TI VE GENOM C ASSAYS EMPLOYI NG CHI MERI C BACTERI OPRAGE STANDARDS
Statenent of Related Application [001] The present appli cat'i'¥Pf ¢1%i ns
priority under 35 USC 119(e) to USSN 60/337,930 filed 06 Decenber 2001,
whi ch appWwicaslsens i s herein specifically incorporated by.feference in its
entirety. Background [002] For quantifying a genom c target such as a DNA
target, an accurate and reliable standard is absolutely necessary. In the
i nstance of DNA stan . L o products are
the first choice si n?gét gg@r%-ie“ggsy %’BE@%%‘%{'@%@% ng optical density
(O D.) of plasmid DNA orCfﬁé@mﬁrWéoeﬂﬁq&wmgh esti mates of copy
nunber of & standard, by dividing by the nolecular weight of the plasmd
~or PCR %roduct St HOV\%VGI’, this method has severe defects, largely due to
the i nstaBFPet gt ReJated Appheationyensi ty i nstrunents (spectroneters) in
ﬂugnt i I oty Fhegesed: aﬁﬁlﬁkatﬁ@R{ams?dbtﬁ} ﬁnd_ex\/ﬂ'Silgﬁt PoloEPR! mswkmo fﬁte_@f@\st ]
-abor at on,atory. hut “al so var.i fromperson to person in e sane
| abor at y"g‘?”h’?‘n‘i"ﬁad” i ia%fcguﬁ)f] é@ﬁﬁeﬂ Wcﬁjﬁ d"cﬁ@ﬂagﬁaﬁiféﬂf?c%ﬂ’ 8 HEhe to
instability, as they are found to be sensitive to nultiple rounds of
freeze- ghaw,qd i nci dental DNase contam nation. Summary of the Invention
[003] In its_broadest aspect, the present invention is directed to nethods
for sendfO8} Earguastibine asseagtaget sudiayaPNG tsgqsan agetpanelididAtasdglience in a
bi 0l 0gi eteblueRMBdetsatil ith he inbGnch YN At Rb kO &o&%h@xﬁggmgbiwaﬁﬁpcﬁfﬁﬁo@&&ar

age p

enpl oyi standard an i nfectious bacteriop article

as .an i.nternal
conpr 1 sPRGPECHASE sitebpare fayineneninesiing apicaiendy (@ Rat tiaid BNASERER | n ¢ he
pr e- sel podiet! ciiyhoddoruiheaingites biofNAmGeranh bthib@0by Jiviging b1k RAIQLABWEA:
sanpl e, , q:lau%i QP%%‘J er.nal tandaé.d, an i nfecti %’és bact eri ophage particle
conpri sing fat 9 8as pf%%‘%pr DS B S SHEGErfeds: larasy ot iheinsbiiet  of
t he pr eefeptical druatytinsgmments{speetrongtes) i0 il fying pighidasd PCR prgdtan)vWHidthonghlyat
| east = in a biological sanple utilizing
nybr i i s e A RE B by Bl R R s Brp g S RS el T B nel
st andartdifiep. plasraid N and HCR productstaeerrir anp braigeiabyility tas tieeare ongie bssengtiv telet ect abl e

target Ml&@m@racﬁeaé-{m%aﬁméﬂieﬁxmmapéc%ﬁﬁm a4idh, the pre-sel ected DNA
sequence or in DNA quantitated fromthe ol ogl cal sanple, and as an

external standard, an infectious M3 bacteriophage particle conprising the
pr e- selSaainedly &Re Badumnce. (004] In the foregoing nethod, the pre-selected
DNA se%{f’pc%i ge F)art of a viral. DNA sequence wherein the presence and
amount oF a PECHBGER RS e RE SRt deied fo ragthads for peasitivelyquanttalingiah ect ed.
Human patthogensdecrdinbesqane ips Eolegicab hmpldBMlifing BbHaEatioNAetbdolbER Shel € NDSt
prefer : -sel ect ed sequence. may be. of ,an rigin and
t he sa%rr%ﬁ‘gd agr |3vxgé'das f }r' g%mgg{/mﬁgaﬁgﬁlﬁfléﬁﬁo RRE PR FRTURS F g? ?%%’yab% '

pr e- s e et RYA prescrce glkertban thalireseg dmtpt we-alseted TN selqyenéd ariidDISA glentimtedhol e

bl 0od, frbth iR BiologitlaPsiiBle, 8k pJj b heri I e
cont ai i‘ni ngcheI Ig?. Tﬁg 'DN,% édjdglte ggﬁl %%{d%gt %gﬁjgﬁtgg{/ﬂagﬁg?ph?%gpr*@g%y"&%gigﬁton

met hod ¥ B Bresplegted@YAseaueneal - ti me PCR usi ng nol ecul ar beacons or any ot her

In another aspect of the present invention, there is provided a method for‘quaﬁtitating at
least one pre-selected DNA. sequence in a biological sample utilizing hybridization methodology,
wherein the method employs as an internal standard an infectious M13 bacteriophage particlé

' comprising a detectable target DNA sequence other than that present in the pre—seleéted DNA
sequence or in DNA quantitated from the biological sample, and as an external standard, an -

infectious M13 bacteriophage particle comprising the pre-selected DNA sequence.

{004]  In the foregoing method, the pre-selected DNA sequence may be part of a viral DNA sequence
wherein the presence and amount of a pathogenic virus in a biological sample is desirably detected.
Human pathogenic viruses are preferred; HBV or other DNA viruses are most preferred; however, the

~ pre-selected DNA sequence may be of any origin and the sample derived from any organism suspected of
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- pr epa

~forms of probes |abeled by florescent dyes. The internal standard may be an
i nfectious bacteri ophage engineered to contain a single cdd?‘ 04

- detectabl e sequence. The external standard may be an infectious

bact eri ophage engi neered to contain at |east a single copy of the

pre-sel ected DNA sequence that is desirably detected. For the real-tine

. PCR wi th nol ecul ar beacons nethod, primers and nol ecular 1 June 2006 WO

03/ 050308 PCT/ US02/ 38612 beacons designed to anplify and detect the
internal standard sequence, and those designed to anplify and detect the

Pr e- S RdBsing the PN ROBUBRA Gequbhet. Mhc 8RN BayddWddilidiNSucexd WHoldlood utinglar d, are

enpl oyed. The hybrldlzat on net hodol ogy .r.el egs t he
engi BB CEFBBRAGEA oTidiw el artiRing s The W@nw@f’g?‘?%phages,
tor ehﬁlig&ﬁlybﬁﬂnﬁzaﬁbbﬁnéth@ﬁﬂmbhf ﬂﬁ)ﬁﬂe réhl ﬁfnePERlixﬁﬁh Hholeculd heakoniro anp gther
bactefio a and. ards

fl“ﬁ ° @ﬂo%ensel?? t(l:e"i%a)fﬁ ?"f"g% eaggﬁ tgrr"?al WA P & ?CCLOUS%%?%E%?& ty and
conpr érgescred ®iconjiie a soglycopf of adetzciatde eqmeatr.l é‘hsevqmmﬂu stendamiyniy bhABinfebiAs i t i S
not s t RS i ngl e-strand
circu a#e}'%éémn%n%gaquse%& aE{CAS?PQﬁ%qg&Ry %ﬁ%ﬁf gé?éc}éfl ng, éﬁ%‘%@ﬁél&e stranded
. DNA viosirblycdetentpd. lﬁeﬂ\q satimePeh wislsmplagyisy beacqno o thodspempandyadierditEes used for
the internal and external standards are englneered into the respective '
bact eri ophage to produce chineric bacteriophage. Because the inserted
. sequence does not affect infectivity of the bacteriophage, an absolute
“quantitation of the amount of target DNA in the standard may be easily
assessed by an infectivity assay. 1007] The internal standard chineric
bact eri ophage contains a readily-detectabl e DNA sequence that is not
present in the biological sanple, such that when a known anount -of the
internal standard chineric bacteriophage is added to the sanple before
- processing, the extent of recovery of the internal standard chineric
bact eri ophage DNA can be used to assess the recovery of the pre-sel ected
DNA contained therein. Preferably, the pre-selected DNAis froma viral
particle, such as a pathogenic virus, in the sanple, such that during the
processing together of any viral particles in the sanple and the added
~chinmeric bacteriophage particles, both undergo the sane treatnent
conditions during sanple processing and isolation of DNA, such that the
recovery of the internal standard DNA is identically reflective of that of
any pre-selected DNA present in the original sanple. Although the use of a
chimeric bacteriophage of the invention is preferably used to detect viral
DNA in a biological sanmple, it is not so limting, and it may be used to
detect other DNAs in biological sanple, such as bacterial, parasite, or
even host-derived DNA in a sanple. [0081 In a preferred enbodlnent t he
i nternal standard chlnerlc bact eri ophage contains one copy of a part of
t he human CCRS DNA sequence This internal standard nmay be used for any
assay i'n which human DNA is not present in the DNA being extracted from
the sanple. |If human DNA may be present, then an internal standard DNA
sequence not present in the human genone or detectable by the DNA
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hybri di zati on met hodol ogy in a human DNA sanple nay be used In a
non-1imting enbodi ment, the corresponding portion of the'HURAPOECRS gene
extendi ng from am no acids 132 to 224 (SEQ 1D NO5) is used. The PCR

pri mer swmymgg;sect SEQ ID NO 6 and SEQ ID NO 7. A nol %qmswlsspeacon I's used
whi cpga g E%tbdste of detecting the aforenentioned CCRg ‘Sequencé, such as
t hat i R WP PPASEiest themiqe! gandprd segyentch@nd @mﬂﬁi&gzﬂ tp heplifparer nal

st andhiﬁ‘cdthe pric I Edited TNKC deQlch @R MG inpRITRA ixﬁ&%xémm&h&a%‘ axg Efa&d : gogfﬁ DINA
eacon. n a

sequ rre obes and nol ecul ar

&%&? aied %ggl(‘\é\éotiﬁgere 7o ﬁ’ggﬁgﬁg‘mté e agiBerred bagtosiontiseescherainrefstred tads | nvent i on
for Q!lmmlbacattnomgoﬂorﬂ@:ﬁ thé PNA therrina Whol e bI ood sanple froma hunan
i ndi u 3 i herein . is isolated from
pl 0081 o dupliond a@%ﬁée)txgr’f’éy S A lgndexigmatsiandaitan DA
The WYrFe@aig chimeric hasﬁeo@mﬁhw@ommm:ﬂearmm.a/caﬁm&asmgaraq@m is an
1 nf afid depsdtble Eﬁqﬂ@lﬁé rﬁa)‘\ﬂeiﬁmmaﬂﬁ n@t@ghﬂﬁﬁée&hér%ac?e%@%haagergw?‘efs rfﬂgﬂ] ?seggtﬁy of a

porti EOf th % sequence such o that
rentTBltetster LIV, mepe ‘55 Dttt b odimfinecnd doyble-stmided DNAsrusshinmer i ¢ ML3
bacthe usedphetgas lambgia.neered to contain a single copy of a portion of the HBV

) u The uantl |on he a unt of DNA in both of the
fore ?ngﬂg Nariig iend YAC de(traf% %a“i ‘il’garpssa'%‘alﬁ’r“%@%t@fheby measuri ng

pl aqeeecﬂmwtn@mmt@w@wgmmhmer@m@l BeabRidaitfed¥Biiche dskasred - frozen. .
Pri 'Iﬁic'?m?éegv:%k‘ﬁlg U:lc@ﬁoﬁg C:Qﬁ%so?? ugnQ%agao? %f { '{%}"F‘Pt yf%?gg [%S%HEE‘ the internal

st andar d sequence, hose t he
pr e SEuEIpsy W%ﬁéhﬁt@mﬁqﬂwl’ﬂeas&aml e and in the external standard, are

enplimye dﬂd’lnt&r'ﬂbl%taﬁ\ﬁfﬂ‘éhin%hé bﬂ&n&?ﬁ%hnﬁm Jﬁﬁjﬂg Lonefl 5Pk O%/cgue{nieghl The

ext er.nal cLé conpri si ng{h pre-se sequence
as ¥ Pfeﬁeﬂf ‘Hé e biologigalsapple, speh that Whﬁtﬂﬁém‘PW@mt@fﬂmw@aéstmdmdshm&iq o be
quabdcietiaghagk is ﬂid&D!blHe@ﬂnﬂé be?d?&pr&@&ﬁﬁﬂh@éxt&lm réébJeHSoqu%%&l@QJm?ﬁby the same

nt.i tati t as that of the virus in a single
cop‘flhq'g‘fth baﬁmo Qa& gﬁé %ﬁrﬁs@W PSpfss W%W%W%PfﬁﬁﬁCW%F%P'%@acon amplify
andthereino Breferblyi the pmeelmmm is m abRal pRAGE, @m&eﬂpmgeuotms :aa&& er Ih ophage Vi3
ge act. e partlc e such as a
Do, dquaaiis ek SRR oy Bl At S PR DR c6 5 o ngl o
p%“ﬁﬁ“cW@P@éwaﬁgﬂes,émﬂwmmdeaplﬂctsarﬁeﬁeam&nﬂsﬁddxﬁﬁns aﬁmgua\ble&rgseﬁﬁ.g t he. DNA
Se%ﬂlﬂ;ﬁﬁtl@ﬁ)fm ﬁfcﬁﬂnaﬂtﬁkrgggrygtfgé?me al saudrd IBI(IArEedentx‘fa Lre %ng? ﬁtjé , beacon for

arrpl i ficat llon and quantitation IS sequence tst andar d,
s qfam pregselacisd DA %eé?ﬁSl"éhe ogigimalisgrmpls- Ify"hpvahpmtamfe chirit bicriophageafice, pri ners

ar ahqanepansrﬁdpmmaslp uh:u hfdeett&eaﬂmm e Qol RN A R mdER 1!;:911&&%% jermayuseful
bg d?{f%efa g% Ct this seguence recogni zes uenge depl cted
E% P i]“ gff‘é]rff“?’ﬂﬁé‘éFhéb’?ﬁ?@“altﬂﬁﬁis‘Fen?féP’ﬁ'él"S‘sqeﬁ BN maybe an
| nfneuamlms bact eri ophage engineered to conprise any DNA sequence that is
no ds eI ee%(e&n% ce, and. i s not cidentally present in the
t[ P 1 i I nee eﬂa 2 n%'hqa’i% g‘r"éec %ﬁﬁ?"iﬂ%ﬁe FEPIHIPRPIE FRRE OF |
St @?fﬁ%frtbp laipgn @QB%PN&ISCCEF@ndBnﬁn@eaIuenﬂmhnay be used for any assay in which
human DNA is nol present in the DNA being extracted from the sample. If human DNA may be present,
.~ then an intemal standard DNA sequence not present in the human genome or detectable by the DNA
‘hybridization methodology in a human DNA sample may be used. In a non-limiting embodiment, the
corresponding portion of the human CCRS gene extending from amino acids 132 to 224 (SEQ ID NO:5)
is used. The PCR primers may detect SEQ ID NO:6 and SEQ ID NO:7. A molecular beacon is used
which is capable of detecting the aforementioned CCRS sequence, such as that sequence shown in SEQ
ID NO:8. Inanother example, the intemal standard chimeric bacteriophage comprises a portion of the

human CD4 DNA sequence, used with corresponding probes and molecular beacon.

i009] In a non-limiting example of the reagents used in the practice of the invention for quantitation of
HBYV virus in a whole bloed sample from a human individual; DNA for quantitation by the method herein
is isolated from plasma from the whole blood sample and is essentially free of human DNA. The intemnal
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provide a highly stable reagent facilely used in perform n?

sensitive assay. As the viability of the phage is unaffec aep

insertion of the sequence, an assay for phage PFU provides an accurate
quant i t fd Bfse3fs t he number of DNA sequences present in the standard, and
thus the stan ardization of these reagents is sinpl SC AR carry out
t he $ABEHGHE apmiectnus chitagnin ¥ biphagegnginpared torvontpiniasinglg c@waﬁwomonbftdet ection of

HBV Hufzn bmmm@@hencbk&eﬁkbu&l&ﬁﬁmd% @kt le?&x%d 90 dnd e &A% yggd and. a 100
m crol. |ft e ‘h%“ﬂ’ ma i s ken known anmpunt of | Siternal standard
chi MBFE" &E%mg'é %Ef 53(?831‘?3553 °r?§"‘ﬂ36ﬁ’§8‘f"6%8§epwﬂ ofiHe®BY and t he DNA
ext ri2NA eduendRe Jhe gramitatiGRRS thesmddB\of DI mban&&l?&o&rgaagmmmace%ﬁhggmd on the
pr o BV ext ard, usi t he chineric
Dct o AR RN S iyl B BFO et blettradios ottt o by ¢ he

s andropRY;. gemgs W@qmmewwms dsemsdm amplifyl afidodetertthe mmmpﬂ sendardBgetceamvery of

CORS ok ki SRR, 80 e e a,lmumcde&w@gmggmrgd St 35k Sl cul ate the

actual . anmount of he ori ion is also
dr awfndags: ﬁﬁa@éovﬁémthepeshreaw ﬁgsmﬁeoqugmed i nter nal st andar d ‘sequence

ar @XUOET Tiglex@inalRadHsl &ﬁ%ﬁﬁ@tﬁe saﬁi@-Hétéc?aHie?aFé-Qéle%@bﬁh@eqﬁHﬁpas 1ﬂﬁ fifel i Ons do not
"~ have a,del ter ous, eff viabil'ity of the virus and thus accurate

on
quarty ca‘f‘ f'ﬁ@“‘i‘?dﬁﬁ'@ta Min '§:t8 Bf @antgsted, p gorfian ofithe geagmepRthe Vifsa 3 1 June
200 eetM@bmxr aﬁwea)mﬁabﬁaﬁha&ﬁmas mamheemef; intthesaiple.UBhus, iigle cdppy Number  of

PFU q er rnal standard ces or

ext g’?frslez;l gég}ﬁ 5?’%22%&%5%%8 ’Bogeé:genb[eacoﬁa’?‘?‘ul&' f)r?lidﬁcé’g’gfedﬁﬁlﬁfaﬂ‘pﬁ?’ﬁ n-liniting
exaffsineaed ipia the M@@h@gegmpmh BEQod-Emii@y dxainpkes beetriqhag patitle aoh 8247 i S
embiAg ithg i:t%lerfnr lﬁt.sas'asHI?V M@na?gﬁgﬁd 91@* rgom;)hg?a tlckkoﬁE ONR NQapi! NSerted at

posi tion 624 hese are nerely exe RN 2P ages of the
i nVERET s 1%76‘14@ Oftﬁ'@s‘@\éﬁae"&tth@ma@p@et@seiepl@mnBﬁQéthan PGRI | be

ap pﬁrﬁﬁelr%@ﬂolfed&ﬁﬁﬁbéah&) iﬁ)pirh@mbdﬁgn el h@jntllgﬁtﬁl(Uf '(h%ée&%ce up{l; &J}?ﬂ 4PuLgs and

ensuin detthall descrjption. Brief Description ures .('0151 Fig. |
depte(ed 23R e 3RS are sediyenseablio e this ‘“f‘ﬁEe’lpﬁWéﬁtafemﬁePP’B‘? W'aé‘du?‘a’ﬂ@l“y
quaSﬁQ WDENO:2 gndHEQ) Imﬁnﬁﬁsdﬁ(ﬁj‘[ ga,(ljemmlbaﬁbﬁ:tahetscfiﬂp&b@?deﬂcem kedte | Nt er nal g

s added to the sanple before extraction an
rea mﬁ&d%&%mﬁ‘gﬁz%@%%nd conparison to a standard curve derived from an
ext8HhalAs geativded doves the intdPrhgedidBiiay belib Gifedfibes badtersdphals egine®tdae ul ar beacon
forcoﬁﬂ%egrgrt[ﬂ@& &fﬂﬂe Qé thét DRt Ih% 91@ sach)etd%A Ba{fegcc?aﬁlgestngfa‘ )1(!1 ealgnlgy Cfﬁgf:@(:hemit ic (B)

show ng the hybridization of the beacons resul ting
i n pEP!&t i on of the fluorophore and quencher at the ends of the beacon

anqonpns@gﬁmeﬂaa pﬁaku HRIG B Rising Bt Trlenfal Ganadrald SALNF t&dz?tﬁ&ﬁ%% dsC of the PCR

taining a target sequence eacon (Fig.

3A)P‘°"§ﬁ8ﬁ§"|“§ f‘&%’é?&?"‘cfﬁ? & uged in RFefermynegHEDYSPRHIYE AYaYa s the tvisbiity obthage - HBV

ad@bage tsanaffected by the insertion of the sequence, an assay for phage PFU provides an accurate
quantitation of the number of DNA sequences present in the standard, and thus the standardization of

these reagents is simple.

[013] To carry out the method of the invention, in the non-limiting example of detection of HBV in
human whole blood, a sample of whole blood is centrifuged and a 100 microliter aliquot of plasma is
-taken, a known amount of internal standard chimeric CCRS-gene-fragment-containing bacteriophage is
added, and the DNA extracted. Real-time PCR for HBV and the CCRS fragment is performed on the
processed sample, along with a HBV external standard using the chimeric bacteriophage containing the
portion of the HBV sequence detected by the same primers and molecular beacon used for the sample.
- The recovery of CCRS in the sample and the amount of HBV detected is used to calculate the acinal
amount of HBV in the original sample.
[013] The invention is also drawn to phage particles comprising the inserted internal standard sequence
or external standard sequence, particularly wherein such insertions do not have a deleterious effect on the
~ viability of the virus and thus accurate quantitation of the number of copies of the particular DNA ina -
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sanples (Figs. 3B-C). (0181 Figs. 4A-B shows the genom c | ocations of t he
primers and beacon used in a HBV assay of the invention. THen

sequences at the 5° and 3' ends of the sequence encodi ng am no aci ds

127- 164y880s05a€ PCR priners, and the darker, centrall¥ | ocat ed sequence

t hat ogni.t e of the con. 101 3B2shows the

| ocat ag%lﬁsso P@F %%I ?m@lrsstlhgﬁh qbgg c8h HeRE eﬂmﬁﬁ) Rve:CJ ’3?5‘3?”%"’5% shaded

S eqURenHERgs altexfeﬁél Sandazh spq@ences pusenbin thelphagp stpddein Ifondindting@RBpene are the PCR
Pri NRY Pphagd Wittt ST BANEE 'inserteﬁ %&%nl 624’} Q Gﬂﬁx@%ﬂ R&lH g‘%\%% I\&IE% ngg Eaarl;lcﬁg

recognl tion l\él(sguence of beacon. wo exanpl es of
t he, ¥ yosefted akﬂ?ﬁ&?ﬁ @47 g a@rmfaelxmmmsa@g?ﬂveﬁnsmqed fbagesof i on. 10211
Fi g&helﬁé\mondepl ct the stability of Phage conprising a HBV pol ynucl eoti de
af t tqra r ks at 4 Figs. 7A-B) oomte rature (Fi gs.
7 APl o %?‘&W‘?—ﬁ §5£°° ts e eyaventign 3l ¥ grgec’%%ﬁ Tvies Wt
(rruldfﬂplﬁem)?smswmgﬁﬂmlehd&smphhe HBV sequence (Fl gs. 8A-B) and CCRS (Fi gs.
8C-D) sequence in a sanple and that there is no interference between HBV

and CCRS anplification in the same tube. Detailed Description of the
| nv ditief Beseriptopof hefRigusest he present nethods are described, it is to be

undqgss] oeq. ta@ktstahbﬁ;ﬂpre\ﬁ?ﬁ& effod éfu{e%vehﬁomf&%&uﬁie fa r??fnﬁ Yy et hods, and

exper| ment al (fon Liﬂl ons descri b as such condi ti ons may vary.
| t |3§“°HF§’B apiplogical samalp dy vuch ap Hlé&mai fandard pfhags GRS isadded edesemple s for t he
pur perse DNA S@saioh b.mgmﬁhe PCR Wr 3B VA anli cdipRisc Q0 5 st 34058308 REHUS02/ 38612

not intended to be |imti ng, since the scope of
thee’g?rgéé ‘ﬂ‘i?i’ﬁlpﬁ P% be limted only the appended clainms. [024] As

use@lﬁh Fipi 2shewecméleaht be@cnnmdaetdafectﬁﬁp&rmdm@fmé HBV gtddmesAgidlaar forns "a",

"an . ferenc nesst he. context clearly
dic iscgterg:gg (SB)L.&{S‘Wm% e k#bgﬁxzﬂio}il fathe begcqns tonh %elt! genges, rgsultmg n r;gqaﬁagan o{i ncl udes
oneths flugrephererpad puseeher a4 e usls Ofsﬁlelp;scoofandmsenqcpmtdmnqebed herein and/ or which

wi | jo17j0empia. e RRas Q%ﬁ&c%hﬁéﬁcﬁ AfBioR Mrg@%nka&h%qgg&&egp@@é'foﬁ eading this

di scl osure_and so for ess techni cal and
sCi @ﬁ{’?aF?’t(F’cge?%and§éfﬁ“‘ﬁ(§ir°€Vﬁd%’é{‘v’fbf“tﬂh@‘w‘fﬁﬁm amﬁﬁqﬁahaugHBU@ﬁ#ém y under st ood
by angled{Fig@ring-gpry skill in the art to which this invention bel ongs.

| s simlar or equivalent to_those

n t hgds and t eri
des@wb dgshé’gls ° afﬂﬁ 35%""&!% gptipps "?H‘@ PRmers andbgacgh uscd waiHRY a5y of e present
i nvievantien  Tht ledgpirsejuerceed thestano siendsdtheBigtdntcdnBodizgamito\bcidese1sbae. Al |

Gosa POk b sIEHE 07 St il sl PP B ey ey o the
pubhepe@Bt i ons are cited. [0261 The assays of the invention provide highly
acCigt &igH Showe BRi1ch Vs BEARRrs b a WUHAR kel & hdECR 'Rsdy MR knaded
sequences at the 5' and 3' ends of the portion of the CCRS gene are the PCR primers, and the darker,
centrally-located sequence that of the recognition sequence of the beacon.
[026] Figs. 6A-B shows two examples of the scnsxtmty and dynamic range of a HBV assay of the
invention.
. [021] Figs. 7A-F depict the stability of Phage comprising a HBY polynucieotide afier storage for 3-4
weeks at 4°C (Figs!?A-B), room temperature (Figs. 7C-D}), and 37°C (Figs. 7E-F).
1022]  Figs. 8A-D show the concurrent (muitiplex) assays for both the HBV sequence (Figs. 8A-B) and
‘CCRS (Figs. 8C-D) sequence in a sampl;: and that there is no interference between HBV and CCRS
amplification in the same tube.

Detailed Description of the Invention
[023] Before the present methods are described, it is to be understood that this invention is not limited
to particular methods, and experimental conditions described, as such methods and con&itions may vary.
" Ttisalso to be understood that the terminology used herein is for the purpose of describing particular
4




of a preselected DNA sequence in a sanple. Preferably suited for detecting
the number of viral particles in a biological sanple but héi"#@hg so

- limted, the assays enploy standards which are viable bacteriophage

parti cl es COfT?I‘I sing the appropriate DNA sequence: for an internal

st andar ¥ recovery of input DNA is assessed aR§THRR/38&3y t ant

det emt@d:mf:@vmly,e@rm e irtwdede belyiting, sindeitheseope biibe prseivagios it ai ni ng a DNA

' -sequ&gﬁgoﬁpme @Jeydea%ﬂsgn .to the input DNA, such that the delectability of
t he |nt er nal andard is not affected by any conponents fromthe sanple or

assalf2ITHy “é%@t"?eﬁhﬁéll’e"‘ﬁﬁft“&ﬂ anshthe 20praded clagnsyip E’Fﬁ‘ﬂ% fogms fab ey adEtheVe or
Si NGincinde Plutd] refeddntdfaale@fthe cb.&e:acivar@laicmeba:ﬁ&r&rse Omagﬁ eRdilel r@feﬁnce@fan‘]?r i sing at

| east e. DNA se et ec | uch that the
*r cagpritel” pRPE i o AR ap Hebsr B T dsbad ek 1ot RiSkomlpl 6 are used
for ltehmeamamnntalthosetmnd:arskhllemlthagrt aponngabing thisalisciofine éaﬂseﬁirtDNA detection
assag NG t IO es add ethg assays are
rel eas dh"ﬁdreom .h;ﬁ %nﬁ?%raﬁlg% e{caé&g%&ﬁlf Rgﬁg‘}se‘i efef“ ave tg safnemWﬁ The
genowingogly ledyfsmd wmae phoydipary &#mll inthelait 4 wgch/thlamlvanpmtasgmss ddimugheiyng ext er nal

and hémoas 5 knateﬁslaquﬁerr dr QM1 %&EE&%cr@EJ fekein &n BL G4 al. HRGRUGRbE AR Sensitive

assay for several reasons. First, the age aI’tIC es are easy 1o generate

( ap;ﬂf &% PresnbipyenyQR thmﬁﬁeﬁfc)mt@é‘emmagﬁnalﬁ ﬁé“‘iﬁhéﬁ@@ﬁ’%n@‘?‘ﬁ%@éﬁ“ﬁr e the DNA

t hermnoﬁemm&ame aemptph&g%euwyeefaa&y to dRsceibkAiRé inboieds Add/dFRARHAS Mg PFU, which -
matchest qwgﬁg "3’? eyﬁ!im’ting dilution PCR. Thirdly, it is easy
to FaTISEIer il PR %ﬁ"c"?sl"i’é Phage particles because of their resistance

to [DNEH e The saysfiite invantioh prupice hiphly eccoa larngnsnM thedna £dr hyantitadingitis: l@@BY t 0 be

pre PNA ndtlos rel ease : .
t he%g?gr % g&ﬁﬁﬁﬁﬁs F O ellélf&, 1 1lésru’llt% ‘g‘%%“mﬁm?eet '(%Fee pac agr;tgses In the -
casen @)bw]n&l@ saprils byl nepheangse Haried, th@%ﬁwhmloyfmndardﬁfwqu vizblut ormat i cal |y

rel %@&&Qphahé"ﬂaﬁlcie@@bﬂa gﬁn% fﬁ@gﬁpl' Hat@b&k%&ed&@cﬁﬁm%ﬁﬁ sfanagiSw during the

initial segnent of denat uration e engl neered phage particles

of tf??e"er}fﬂfém?t"iw éP@cﬁsfé’f“éF fhééFS'e1@nWéﬁe@¢drie‘§b°°6mt¢ﬂéhqr@pra§fés to reflect the
pr es:edmpmgaacwﬂa&gﬁg mmmnmcaerm& f&h@ﬂ&t&amNAla@ﬁﬂaat/ﬁ& délebthbild@ seen in

t he n%els %&?/‘ Pte sﬁ)’ of the e inventiQ ta|I?redfor t he

dot SE0T By Rea it Sy BpRoris PG el s TeFattas |1 (1l e as 10
c op siesdadf uskBY genpratea sthoda0DEr @@Osigdppoiis caliblator. Gﬁl&:ibﬁiagteﬁdphthp@hﬂe HBV Moni t or

TuncoraBRe 536 sy X sRye B2 ORI FRL B ANE SR w2555 1800, 000 copi es:
Bay grantitatiqp\gf hppacselersad\PNopia tisetsemplosre psed for thgsxteraﬂdtam@rds digighi ve to 0.7 nEq

(x ﬂ%d%@n%ﬂh@DﬁﬁH&%ﬁn ises}thDﬁAnrpmést&QQd M%&n(gﬁﬁage%daeé@%%%sslmr chimeric
phageiqaare pre@ared ol | ow nsg st andard reconbi nant techni ques. In brief,

t ar freesed gndisoacterigphaseatiiei iyt awitipg cy¥eR and i nserted |nto the Smal or Xmal

Si tﬂlzb]y Thé @éridingiibsal bgaetmwanaﬁunngng\?raﬂold phgp,asam(p@mbg:@ama&rﬂ@@emdnsert i on gf a
pepti de

sequ e":ﬁj%g mhsgqqe%cse %Ofgefs agnnq'bi' a@‘é‘lraé%:fng §‘T“&‘3§°é‘5§t‘f {qr ‘fvf’i‘?lu 'pi:mfsh E’fsé'fﬂgerpgag@x pected -
whi pittidles areedsly emeedatbgapm:maelyuﬁ’mmﬁ Bécotally) ere phazernd sheBforgtheBNAg mul t i pI e
whi Ih@rcia ltl@%ﬁ@éiogfggésgmgsﬁy qlﬁnt?f?,rBE( %asﬂiing%%%ﬁ&% B&ches with that measured by

limiting dilution PCR. Thirdly, it is easy to maintain and transfer the phage particles because of their

resistance to DNase treatment and temperature changes. And lastly, it is easy to be precise because no
DNA extraction is needed: the PCR conditions release the standards' DNAs from their bacteriophage
particle packages. In the case of M13, the single-strand, circular form of DNA is automatically released
into the PCR reaction mixture 6nce heated to 95 C, during the initial segment of template denaturation.
The engineered phage particles of the invention are referred to herein as chimeric phages, to reflect the
presence non-phage DNA within the phage genome.
[028) As will be seen in the examples below, the assay of the present invention tailored for the detection
- of HBV has a 6-log dynamic range, and can detect as little as 10 copies of HBV up to 10,000,000 copies.
In contrast, the Roche HBV Monitor assay has a sensitivity of 200 copies, operates over 3 logs and thus
5




characterization, we can therefore select those M3 phages carrying the
~ desirable target sequences. The sequence of the M3 phageéW@%Q@O bp | ong
—and its full sequences and restriction endonucl ease information can be
- found on the Internet at ww.|ifetech.com The target se%uences herein are
Cinvari PBSERY are inserted into the Smal or Xmal sP¢EUS¥3%Ke nuitiple

cl onéangetgit 209.to 3@I0P cdpiesoRiedsiHBY HDNA dvey breragstova ddope e s sakititd tooed above,
one e are identical to the genone sequence
Exéﬁg 12‘2@6& ik xﬁﬁ,ﬁgo{;@??{e edosy .

I nto I ophage. To avoid the detection of
cont@ﬁﬁlnéﬁed“'gﬁfﬁ(?h#% afoMeppngd follevipgsiandagd repringbinah NEA éechniquese Iclaief, al vvays i nsert

| anpl I%@t%%é}fé@s%rd dtipBfitd ¥y POd nmn&mmr%ﬁgt&g%@@e&t %}J@?Msin

Iedé&% g}ﬁa | arge intron that exists betwee er ent exons.

Thust? liggse eénsaﬁwfl R DA fesmentdnp s Smpkps Xmal dispyilbdisrup teplohs and

beaqapﬁdefsmeﬂca ¢he 1436 6B 1M c 1P EdAE: JORNS isHRSITorD &;q;@aémaéms Af&egpnge W th the
t eachi ngs her .t.he sin nd doubl e stranded DNA

ver
bact oY FOPHas ?agues %/gpm fgmjiple ﬁél%spgl es?@?%ﬁﬁbyfad; s QLSTICRs ve standard. I n
t he tﬂ}a’s@m@#ﬂos,lwqh!eﬂisﬁommm tHobdyl 1 I\ih2ges earmying Cha ldeshralbly tatdasequagts. Gheiveni ent and

rel e ; -l ol o S
ava:sa?bl eﬁﬂﬂé %% S‘Jgg E#Bg%ﬁr an H%ieqfl&g%t%f&% {%Og %OH%I%%Q: anbg; Iserl es
ar e nfopatignsap E@fo'eqﬁ'@mélae Iptginetahwuws 3 fetech-eoms dhe taggst samms headin argifivariptds e

| recqmreagunem@gﬁessﬁterxﬁ&ts&@mexﬁwﬁ?&moﬁm gBfoduce, purify and quantify by
ol low ng exanple is put forth so as to

| es 031 The
pr ojy"t?hs ?’H‘Sg‘ﬂ"’btlf%ﬁ% B 5% "§?§|“Pef“‘q“f’fi P, %{'Ffanvwsteﬁ agy DRI segpepess thet | osure and
des ddenfidai to me(génohﬁ\sédnﬁ'lcﬂﬁ)lte détEtiﬂcdliraelhE ba3 Baateh@;d;agearrd abBOSdciag of the
Tnvention, .and arﬁNnot tend d to limt the sc Dﬁ{%\what t.he inventors

FegariraLngdipgioms R el Sﬁ' e ?“éever A &S EERS TR S§‘P’I‘§’Ef|‘:%m‘8(t,ll?ur acy with
res [Meldtphﬁgo frmthesh g0 muhc([l}\hgw;ll e ampiified duetieaiaee athon ehat &isB bytwlithe sone

ex p%fffe%%&@rls 153k 8n ét.@gplg%y ﬂhgghgﬁﬁne?&qm‘a%\@&x ﬁcp%%%ﬂtaﬁ&jbeﬁt%ﬂs foHﬂl ess

i ndi cat ed ot herw se, ts are wel ght is
avehage (R serahaxg bemei’fgmed in @m;éqnmwﬂ!éhq ts*clilmgS@agme dorcGranithery ?adreanyand
pr egﬁgle Qndldautﬁé st@ﬁde@ﬂﬁm ba&tsﬁb%%@&ﬂn e usl@{ﬁ%ﬂe sMhS ol e hﬁﬁ@ﬁ&%ﬁ% st andar ds

? made i con of interest was generated  USi ng the
apprbipf F46 S’ﬂﬁ F P@Péedrf?}?&t“ﬁlé ‘%‘g’é‘?ﬁ?‘eélﬁH‘e§’°F‘f08"Vﬁtb‘F'}fﬁﬂf&'é"é'et°@"?j@Wé¥ ate a bl unt
_endmb“pafd@@hmm tms:rhemr m@nduatogymvapwéq fAls g t&@o@]%ﬁ’&af)&&ﬂoﬂ_ﬁ‘ée @ad |igat EdTh

i nt accordin act ur S jnstructions. e
| B s S st TR e olpied s BPeREPE P oL e 2 55 G booy

Pl aerur@slelgeawroam@dceﬁ pwify pllagetifdynesswiingPFOnserts were identified using
blue/white selection for the absence of [3-galactosidase activity.
Positive plaques were screened by PCR using priners M 3-pUC

f (5' - CCCAGTCACGACGTTGTAAAACG- 3' Bxampies | DN09) and M 13/pUCb (5 6 1 June

200 3 kMaRE 8xa o SACA SEQ I D NGO 10
alf) ; Eg'g&&ﬁ) %%SQSZO 5C for 30s I?I gii%%}W%haTnescg are the)

3
(,Iggn‘g‘?’}% ﬁ’?lSP’Iﬁa’F‘sa"f‘ 8‘%"%‘@"{3 °PF"5|‘\‘R‘1 3¢ the ﬁ’éthw&g%wnwswl%gg %4 on. They

invention, and are not intended to limit the scope of what the inventors regard as their invention. Efforts
have been made to ensure accuracy with respect to numbers used {e.g., amounts, temperature, etc.) but
some experimental errors and deviations should be accounted for. Unless indicated otherwise, parts are
parts by weight, molecular weight is average molecular weight, temperature is in degrees Centigrade, and
| pressure is at or near atmospheric.
[032] M3 bacteriophage DNA standafds were made as follows: the amplicon of interest was generated
using the appropriate primers for the assay and a Pfu polymerase to generate a blunt ended product. The
product was purified on a 1% agarose gel and ligated into M13mp 18 RF DﬁA (Gibco) according to
manufachirer’s instructions. The ligation product was used to transform DHa.SF’ competent cells
(Gibco). Plaques generated from phage containing inserts were identified using blue/white selection for
the absence of B-galactosidase activity. Positive plaques were screened by PCR using primers M13-pUC-
1(5°-CCCAGTCACGACGTTGTAAAACG-3")(SEQ ID NO:9) and Mi3/pUC-b (5’-
6 -




can therefore be used to screen whether the phage has any insert or not.

Fragments of the correct size were further screened by seddéic¥®%nal ysis..
- Bacteriophage was tittered and serial dilutions were made in RNAse-free
wat er. Bacteri ophage was put directly into the PCR reaction, as .the 10

m nut e YOEBOSHRat urati on, step was sufficient to expBEBURE3gIhage DNA. _
[033] An external standard curve was generated for each real -tinme PCR assay
using a mnimmof 6 replicates ranging from2.5 x 106 to 2.5 x 10'. As

élgﬁb [e’stra &ﬁém%%{(‘?\gfs& h(sgﬁe reafd) fh I MQE@E&S&@&ég (g%”émdar ds were

st abl0e 72%C foolbmh Thesampe nlatgcm:ec privebrsFG, M nhhgnfghk;sgtﬁsiegmmn&eﬂmt Mkay ned at _

-20 for accurately

quanQ'E‘ul1 %’gl?@le b-ga%\/@&ﬂgrgwggthe; fg pﬂa%%e"ggd Cgl}t B mp ra@meﬁs &%%cﬁ?"?ﬁs’ﬁt er nal

st arvss st semm@éwmc# @‘lahf@idéﬂc’-‘?@mm “@ahi#lr@ axbdeoaidilibids wasetandedd i on and
"SRR oD, BherdBlhag 0L OTRA RO boR Sl AIIR: do Bl der | ved from an
external standard using a V.. oWws a no ecuf beacon for the

det eleratppiop pepwassuifipion tQﬁ‘PQSh ePlBEBDIjénorre (A), and a schemat ic (B) showing

t he aspr hﬂhﬁ%bl@ﬁnd@fd dufe wla@&ﬁé?aﬂéi oiQati Bttt PER a&gﬂlﬂ; Q%‘ﬁ zmmh%?gl ting in

separation of the flugfophoré and quencher at the eacon and
con§8’§f?éﬁfang’F’g femasedicia2-gig. %@WB’\’/&? ’sa‘“gl?ﬁg‘ffﬁ&fq E“E@P“IE*H@‘P@“@WM ification
of DNAloaiastanded MY ARcopias if e r&BAHEFTTCassdy0 Phdzh addgide Rtte stiiht foofit andard curve

derived from,i asi.n mount s of Ph HBV added to sanples. Fig. 4
sho@g“ﬁeﬁé’mga@ﬁéﬁic@ﬁ\o ?x’%ﬁ’é‘md?a"{t’?‘fée ﬂ?%ﬁ&s and beacon used in a HBV assay

of tj9sd] i 'ﬁheemhuﬂrofthﬂmeennsmadmdnaquxenfaeam&itely GembtatigMBVeengitdsn Hf t he

seq j aci.d nd the darker,- |
cen;g r%%ﬁ% gg{"&% wgé% tenee naar%gfz)ih a%ch %‘@'ﬁd gQﬁa"%éeqtﬁ”E’ﬁ S%Ngf t he beacon.
Fig ext@ﬁ‘floy lredwsalttine HCBdthB)\hsndﬂompansmHDs slanrrt;irda:utve doiyed fisesh dxieiahe CCR5 assay.
The Srat he CCR5 gene
are s?ﬂ%ﬁ%%gﬁ%?ﬁeﬂrﬁg F@ 2 §hb\$s ;raolé%EQr beg%ogﬁ&?}gel o‘lgtfect{on &t :ﬁ%& oé gpﬁ(g%llé{e/ (hat of

t he 87@BB i at"id 8 ﬁcl@@wéﬁbﬁowg thybridigation of t[’@‘@&()ﬂﬂﬁo dhe tBges mmcqsmo exanmpl es of

t he rés@fig ik se,sbrhtyon&nﬂle duda@dﬁbr@ ahEERh@ bt fe éﬂ@/ot%ﬁﬁ%o%ndtc&ﬁcdu%e ntion. Fig. 7
depi,cts the %gi,‘b% Ph %le conprising a ol ynucl eoti de after

st ofAPEPEF °'5P’a*1f e PFBaw‘e%%wéPNﬁéontﬁwag BIATEEL SeQEREe 8 shows t he
C on o the deitor(, mdl atsmpaﬁwnasi&aya frér inclagsirly abbend 2 ¥hape gmenae:d t@@&pQQRS sequence
in S hat .t he |s no |1 terfer tvvee HBV and S
| ahpﬁgf‘?g(i:{g‘%l geﬁé]egor}nc ?tﬁat ons Jf%he ers a caclpggﬁﬁ w {he {"ﬁ%‘“&% ation of

ML 3shaéed genuensesgt the pragd Hcmvf@emeuen@ren@dﬁmno g@ﬁdzv-sm&them y efficient and
t hepﬁrherrﬁ EndQlfle da%ﬁ@é]ﬁgﬁsloaaageﬁ nléé.hﬁ%f ﬂk QE‘D 1014‘&%16896 fie Séa%d t%icm ture

supernat ant. Furt her, en 1 on ac | eves a

cor Persihs l?FP“B’é‘tQX/B’é’ﬁ“fﬁ’&(jd?é“"’f wedin e W@@ab fThe shedel papeneds gLibe Mall(B ph ag e
CONPEidS bf e RirkdAE tha CORY 566 B tRIPCA phiaRa, MEME daRS, &ﬁlﬁnﬁ%@dt&ﬁs pixber s

| méﬁ%gﬁ%f%' m % di Iﬂetlyliﬂ%&\%gu?gtl tative PCR 1 June 28?)6 WO 03/ 05030? |

[035] Fig. 6 shows two examples of the sensitivity and dynamic range of a HBV assay of the invention.-

Fig. 7 depicts the stability of Phage comprising a HBV polynucleotide after storage for 3-4 weeks at 4 C,
- room temperature, and 37° C. Fig. 8 shows the concurrent (multiplex) assays for both the HBV sequence
and CCRS sequence in a sample and that there is no interference between HBV and CCRS amplification
in the same tube. The results show that the generation of M13 phage comprising a HBV gene, or a CCRS
gene is extremely efficient and the titer of infectious phages is as high as 10° per microliter culture
supernatant. Further, the method of the invention achieves a very high correlation between plaque-
. forming units of the infectious M13 phage comprising either a HBV gene or a CCR5 gene and the copies

numbers measured by limiting dilution quantitative PCR.




1. Anethod for quantitating at |east one pre-selected DNA sequence in a
" biol ogical sanple utilizing hybridization nethodol ogy, whérlé@e?%Pe nethod
enploys as an internal standard an infectious ML3 bacteriophage particle
~conprising a detectable target DNA sequence ot her th%?rﬁ.éhzngs f&r esent in the
pr e- seWOMBBYW3IBNA sequence or in DNA quantitated fro_rﬁ- %18 ogi cal sanpl e,
and WHAINAS CBAIMBING! st andard, an infectious M3 bacteriophage particle
conprising the pre-selected DNA sequence. 2. The:method of claiml,
wherein the hybridization nmethodology is real-tine PCR anplification using
1ol eleul ar ietkaddersivantitating s leags preor-wiected BiNArseguengpispbiokogicplsamme wiigng st andar d
I's an i nfl@mzﬁm nlVih3d i L vitlekHRAH RhodeRIBIOYY 48 i Bhictha Dénlidr® b fecdudiuman CCRS
gene. 4. The net hod of . ¢claim,3, \gne.reb nth ortion of said human CCRS gene
is SEQ | BfiRdpdcriophagemagticlreomprpinga deiech *ﬁ“‘l’,g“"‘ BTN e‘ﬁﬁ"é‘-ﬂé“él"éﬂted DNA
Sequence i the gre-példctel DNAGEquande@pPatDNA qualditatédritm the Hologibupsamplehad aodn cl ai m 1,
wherein the external .s dard, s an.infectious.M3 partic nprising a
portion 3{&6"53 ﬁ%’b‘%@i Ef"i"éé%g‘\’/sﬁ‘rdgz’sbaa%%o(?lﬁaéep Telqgembristy ﬂd%pr?)'fe leé:}engm , Wherein
t he ext esegadncst andard is an infectious M3 particle conprising a portion
of a hepatitis B virus genonme. 8. The nethod of claim?7, wherein the

portion of the hepatitis B genone is a portion of a hepatitis B S protein.
9.  Pae mihevaehediof elpigi lnwbe,relwgre hirdizetion msthpdalagy ‘Sif%al'SEQWg%ﬁcﬂf‘."“lo. The
met hod of;sigd Adiebuds beddgd. €i N the sanple is selected froma group consisting
of whole blood, wurine, plasma, serum cerebrospihal fluid, or a biopsy
sanpl e containing cells. 11. An infectious chineric ML3 bacteriophage
CONM i Si MHe rEkddloRtIdky 1, Wheréli? the Avfernahftendird Bus intdetiome M 16 bdicsiopiagd er i ophage :
conpri si %SE%%]D I&(I)QDE 8 1%@ 2006 WO 03/050308 PCT/ 13802/ 38612 SEQUENCE
C pﬁ]gl %oﬁtb,n ,

LI'STI NG P REmen GYEO B8V d A <120> Highly Sensitive Genomic

Assays Enpl oyi ng Chi neric Bacteriophage <130> 2570-1-002 <150> US
60/ 337, 93 metta bTc12R8 Lol OB 5dRET0r L human CCRS gene is SEQ ID NOS.

5. The method of claim 1, wherein the pre-selected DNA sequence is a portion of a hepatitis B virus.

6. The method of claim 1, wherein the external standard is an infectious M13 particle comprising a

portion of a hepatitis B virus genome.

7. The method of claim 5, wherein the external standard is an infectious M13 particle comprising a

portion of a hepatitis B virus genome.

8. - The method of claim 7, wherein the portion of the hepatitis B genome is a portion of a hepatitis B

S protein.
9. The method of claim 8, wherein the portion is SEQ ID NO:1.

10. The method of claim 1, wherein the sample is selected froma group consisting of whole blood,

urine, plasma, serum, cerebrospiﬁal fluid, or a biopsy sample 'containing cells.
11. An infectious chimeric M 13 bacteriophage comprising SEQ ID NO:1.

<12 An infectious chimeric M 13 bacteriophage comprising SEQ 1D NO:5.




<2205

<170> Fast SEQ for ‘Wndows Version 4.0 <210> 1 <211> 112 <212> DNA c213>
. Bacteri ophage ML3 <400> 1 tcgctggatg tgtctgcgge gttttatcat 1durectdfet gc
atcctgetge tatgectcat 60 cttcttgttg gttcttctgg actatcaagg tatgttgecce

gtttgt 12 <210> 2 '<211> 27 <212> DNA <213> Artificial Sequente ,
%@ggﬂggﬁrlner '<400> 2 tcgctggatg tgtctgegge gt FEVERE¥1d> 3 <211> 24

<212> DNA <213> Artificial Sequence <220> <223> prinmer <400> 3 ggtatgttgc

cCgtttgtcc tcta <210> 4 <2ISEQUENQE LESMI¥S DNA <213> Artificial Sequence
<22 23> ggg§on 1/3 27 24 WD 031050308 <400> 4 '
< 10> Zhang, L
. Ho, David A. .

<120> Highly Sensitive Genomic Assays
Employing Chimeric Bacteriophage

<130> 2570-1-002

<150> US 60/337,930
<151> 2001-12-06

<160> 10

<170> FastSEQ for Windows Version 4.0

<210> 1

<211i> 112

<212> DNA =
<213> Bacteriophage M13 (:f

<400> 1 '
tecgetggaty tgtctgegge gttttatceat cttcocctetge atcetgetge tatgecteat 60
cttettgttg gttocttcotgg actatcaagy tatgttgece gtttgteocte ta 112

210> 2

<211> 27

<212> DNA

<213> Artificial Sequence

<2205
<223> primer

<400> 2

tegctggatg tgteotgegge gttitat 27

<210> 3

<211> 24

<212> DNA

<213> Artificial Sequence (f\

.

<220>
<223> primer

<400> 3 .
ggtatgttge cegttitgtec teta 24

<210> 4

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> beacon
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‘cctgctgcta tgectcatct tettgttgg <210> 5 <211> 239 <212> DNA <213> Honp
. sapi ens 1 June 2006 PCT/ US02/ 38612 29 <400> 5 gctgtgtttg ¢dttadPecc
-aggaatcatc tttaccagat ctcaaaaaga aggtcttcat 60 tacacctgca gctctcattt
- “tccatacagt cagtatcaat tctggaagaa tttccagaca 120 ttaaagatag tcatcttggg
- “getggt oF -&3’?:58%'&' gcttg tcatggtcat ctgctactcg 180 gg‘aﬁ?’g’b’?"& 86ldact ct get
- tcggt gt cga aat gagaaga agaggcacag ggctgtgag 239 <210> 6 <211> 24 <212> DNA
- <213»woAntificial Sequence <220> <223> prinmer <400> 6 gctgtgtttg cgtctctccce
agoEtaposa FacktPafer bertglbag?> DNA <213> Artificial Sequencé?<220> <223>,
prinmer <400> 7 gaagaagagg cacagggctg tgag <210> 8 <211> 28 <212> DNA
,<21§§°1—|§5@ sapi ens .f1 <400> 8 gctggtcctg ccgctgettg tcatggtc

<211>
<212> DNA
<213> Homo sapiens

<400> S

getgtgtttg cgtetectcec aggaatcate tttaccagat ctcaaaaaga aggtctteat 60
tacacctgca gctctcattt tccatacagt cagtatcaat tctggaagaa tttecagaca 120
ttaaagatag tcatcttggg getggtectg cecgetgettg tcatggtcecat ctgctacteg 180
-ggaatcctaa aaactctgcet teggtgtcga aatgagaaga agaggcacég ggctgtgag 239
<210> 6

"<211> 24

<212> DNA

<213» Artificial Sequence

<220>
(r¥<223> primer

<400> 6 .
getgtgtttg cgtctctcce agga 24

<210> 7

<211> 24

<212 DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 7

gaagaagagy cacagggctg tgaqg 24
<210> 8
<211> 28
<212> DNA
<213> Homo sapiens

(’]<400> 8 -
.~ getggteetg ccgetgettg tcatggbc ‘ 28
| 210> 9
<211> 23
<212> DNA

<213> Artificial Sequence

<220>
«223> primer

<400> 9
cccagtcacg acgttgtaaa acyg 23

<210> 10

23




<210> 9 <211> 23 <212> DNA <213> Artificial Sequence <220> <223> primer

<400> 9 cccagtcacg acgttgtaaa acg c210> 10 24 24 28 23 2/31."”WQ@§/ 050308 -

<211> 23 <212> DNA <213> Artificial Sequence <220> <223> priner <400> 10

agcggatgggsadidst cacac agg 313 | . pcruseassez .
<211> 23 ' o I

<212> DNA
‘<213> Artificial Sequence

<220>
<223> primer

<400> 10
agcggataac aatttcacac agg ' 23

-~
-+
i
¥
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