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Application [001] The present. application clains priority under 35 USC
119(e) t owdIShsd30d 337,930 filed 06 Decenber 2001, whi C&M&k&@l on is
herein specifically incorporated by reference in its entirety. Background
[002] For quantifying a genom c target such as a DNA target, an accurate

and reliable standar gy Yagﬁﬁ I stance of DNA
standards, nost often, asm im%%@pro‘&%&figﬁhet he first choice
si nce they are easy to JERSIERIE BAEIRIOPHYGHATAMARRNsity (O D.) of
plasm d DNA or PCR products can provide rough estimates of copy nunber of

" a stand vi d by the nol ecul ar weight of the plasm d or PCR
pr oductgsﬂqmﬂé\‘)g#elattehf\gplf‘r’é?%d has severe defects, largely due to the

i nst abi I[baty. 'Ibépreqaha aﬁﬂlcatdﬁmainis)pnbﬂlﬁﬁﬁdbknﬁﬂ]&{,(Sl@&‘}‘form@r@?b%b flegwant i fyi ng
plasmdrggeg‘b ictxo gj lgi 1%' varlea fromlaboratory to

| abor at or'y a so va Liop s ﬁﬁe?}é?ﬂg dreg@pafsA by pefepqree R dngmticlhor at ory. In
addi tion, pl asmd DNA and PCR products are prone to instability, as they
are foumgc;ggpoulgg sensitive to multiple rounds of freeze-thaw and inci dental

DNase contam nation. Summary of the Invention [003] In its broadest
aspect , PRk Far quantifying s pepprmtiviareptsuchay £BNA darges ametchutignd whabbomsdard sel y

quantit aisblu@yaatecesdagasﬁ thO MetaiRb 6F INEA S5laskds, DIVA oREHYALARE DFN'A add P} 9Glcrale Sanpl e

ut|I|Z|@g Yqﬁldlzaéhgn nethodolog the method qu ying as_an 1 nternal
st andar &° 45 QIR SPFeY 25£8Y 4T soBpHE JUeaMivgoptal depsit € gmgplamefwgepawe
t ar get ﬁawncsem |Fodide mmgnegt,makbanfcbﬂa{urrﬂaémegtandiam $)}rtﬁ‘|nm§bﬁﬁ‘é rﬁaéc@gr Done

i ol ogi cal _sa and as. an

Sequenctﬁ‘ I%pl id o ror} gwever, thi té e instabili
external StPAndE at’f ous ‘Batfer Wﬁﬁ%’(ﬁ’é Hafs aﬁﬂlé’d&?)??ﬁfe astahitgt

| east tﬁepw@eaaelbfemr@zdemea@qwtenhe qualnﬁfy&@(plaherd 2% PEIC pro@icts] tvhﬁchpﬁ)e@mjnt

i nventi uantitatin ast. one
pre-sel %@?eﬂon%ﬁo&tgwggeﬁ%dég (lﬁﬂblﬁ lgﬁa’tl% romLpers Sam goﬁiﬂlﬂiwgs%‘?’%labﬂqg %Y1 B zat i on
met hod &9, Pfavm'éﬁ%%wﬂwmwmw @ynsstaashtms ihay & frahd te bastdsitia tan

i nf ect i puEpIMokds RRFESE- th%ﬁxﬂﬂﬁ‘cud%%ltﬂl\fék@con&&ﬂﬂﬁds' ng a detectable target DNA
sequence ot her than that present in the pre- sel ect ed DNA sequence or in

DNA quantitated fromthe biol ogical sanple, and as an external standard, an
i nfect iSnumahvjl&‘tbanivemioaphage particle conprising the pre-sel ected DNA

sequen ( he oi ng nethod, the pre-sel ected DNA sequence nay
be par ﬁ&” P &J"F%?P Sﬁﬁ&“éé FEREEveRiR B diFFore o sthads for sensiily AHAEHAINB At o

pat Eogéqast@n&/nrc-udcqtad mwbscq:hmgu :maﬂuols@cﬁp&amplesmdﬂsg hydBliYatide hehddlbgy, tidiman

pat hog | DNA viruses ar,

preferrg{ea{gll(c;d ﬁ@w@ﬁ xgasq{' iathaeda's‘re %f‘ga"%ﬁﬂeré §fﬁ§ﬁ@é’°‘ﬁﬁ?}“%‘é‘"%?d ‘?‘l{i[’%%rl gin and
t he safffeeDa seareqte P?hevrﬂmﬁl}at pesgaiir tiopre-sd@edtDNA. shudner dvdr DY qidbttated

pre- Sehﬂﬁﬁlﬁ@:oﬂﬂ&aﬁﬁﬂaﬂl@%@as a-ll;lgﬁerﬁz@Md%dr%xmgctggpéalﬁxnoph% garﬁtlff &m%?sx%gl €

bl ood, . uri ne,
least the pre-selected DNA sequence.

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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~plasma, serum. cerebrospinal fluid, or a biopsy sanple containing cells.
The DNA detection nethodol ogy wusing a hybridization nethoaJﬂFéw ?ably may
- be real-time PCR using nolecul ar beacons or any other forms of probes

| abel ed by florescent dyes. The internal standard nmay be an infectious
bact eri ophage engineered to contain a single copy of a detectable

. sequence. The external standard may be an infectious bacteriophage

engi neered to contain at |east a single copy of the pre-sel ected DNA
sequence that is desirably detected. For the real-time PCR with nol ecul ar
beac oRghdrRE R Gre-RILBEDS A QMR B Whndle daylitdail 20 WA ORORD3 Qirine,

PCT/ US02/ 3861 beacons desiqped to anplify aﬂdQHFhﬁft t he interqal

‘st andBRHMs BGiE FEELORITA 14 & diRpsy el cotrinifgetls | The RRA dslsptiopmethqdoloey

- pr e- sadigcigtridibfios Aeheliederkily incbeSedlfiine PGR dsihgmblBmiae kéaesnnat angbthadar d, are
enpl oyed. .Th ridi,zat i met.hadol el eases the.. 1t L. the
- engi ngo se‘%fpf)oaci lgl%/ﬁl?cg pl)) g‘dréz%",erﬁ ﬁ%ers tajli-% "S% glrg"tr\gg‘%"{ %ayzb§ ang I?eicﬁcéqréliﬁ%cw%lao&ag? i ophages,
to retrgaseed locordNAa tige @py of £ BREAbIAsegueatee Thecktdyudl stargtard niayribt smigfectious

bact eg - : i 1 t ndards by
pr epaﬁc%gg@ﬁgeréglﬁ%ﬁ%g%%ogﬁ%g %é%&t]%%%g* ?%?ngékﬁl cé Q?% % d}?ér?f%tég ivity and
- conpr {esieblydetectagdy| Bor the psal-tpe PEHywitljmplequiag biagons aytheh pampmppbmelacglar hut it i s
not so limting. O her bacteriophages, preferably those with single-strand
circular DNA, nmay be used, but it is not so limting, and double-stranded

. DNA viruses may be used, such as |anbda. [0061 The DNA sequences used for
“the internal and external standards are engineered into the respective
bact eri ophage to produce chineric bacteriophage. Because the inserted
sequence does not affect infectivity of the bacteriophage, an absol ute
quantitation of the amount of target DNA in the standard may be easily
assessed by an infectivity assay. 1007] The internal standard chineric

- bacteriophage 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
processi ng, the extent of recovery of the internal standard chineric
bact eri ophage DNA can be used to assess the recovery of the pre-selected
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
chimeric 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-sel ected DNA present in the original sanple. Al though the use of a
chinmeric. bacteri ophage 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 enbodi nent, the
internal standard chineric bacteri ophage contains one copy of a part of

t he human CCRS DNA sequence. This internal standard nay be used for any
assay in which o : - :
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human DNA is not present in the DNA being extracted fromthe sanple. If.
hunman DNA may be present, then an internal standard DNA sdcdt@r986 not
present in the human genone or detectable by the DNA hybridization

rret hodoﬁv@gymgua,sa human DNA sanple may be used. In a %%&g}bﬂs |ng
Il ment, the corresponding portion of the human gene extendlng

f r o FRTS GESigBF AR apisty gy dotogt the Spepal prandaydsaquerice andstbobe dasigacRGRNpIy mdr s may
det edd’teeSﬂiQ::b&lE@dﬁ)m&qlﬁE@ it e MGIpI. and\in M R EHERInERAGR @mg %{?S ¢k Which is

capa tec ment i oned, CCR5 sequence as that
sequ r?gg&g 9%&% Joll°§gf§tlcaﬁeb VIR s RoeiResre é’%‘ﬁ’ﬁ?’?gcst brecin wfeardtaps st andar d

c h| nﬁmmmcmqr@phaeghrag@eawhWNséﬁrem por tion of the hunman CD4 DNA sequence,
used th 116 D5 a acon. [0091 In a |
non- lIof“r]n £ %‘Sﬁgﬁgﬁ%ﬂfhﬂ-]ﬂg r@ﬁ%&%@sﬁgﬂp %ﬁg g SF%“?ﬁé"tﬁF‘ﬂé‘{q e¥smakstapdaedsi nyent i on
f or ‘a’u’é“ri’ﬁﬁl‘tgﬁ‘!“%ﬁﬁc feﬂﬂBase\ﬂilere@le“rhlca reidel igfeddiviookd sangrises afsh@lélcépyhiﬂ man
i ndiié gheRiable %@%aﬁé@ﬂ@' ‘Euiift isg& b Mmhﬂgl @Eﬁérrﬂgcgenoﬁ{afgtfsspr?tierably &PSB d f rom

pl asma, fro e‘\ sanmpl e an essent DNA.
The Sl |‘=“?1 i Qﬁiﬁa é‘a&bﬁecdmtw'@sedmammcmﬂ dSOR/ B8BI@DNAtvimstamey | S an
I nf enewedmc!cdmlamlﬂw M 13 phage eng| neered to contain a single copy of a

port{bd%ﬂ g{l % seddUITRL ‘T%SR%%? ence such as but not limted to that
ment'| 0 ove: o] °‘EF‘%" M R ‘ﬁ ‘E"éf’ﬂ&h?‘ﬂ‘d?’ds agengineaedintgths chineric ML3
bactremct;pﬁagremmh@c fegeodack dhmeuobﬁcanﬁphages Beghs ﬂﬁmynafse@e@@més qs of -the HBV
| th of the -
aﬁ'é‘cg}ﬁ%f?\@ty of BE vAHA Qﬂhhéealtn g&lu?e qua %ahalé?lﬁg ﬁn:g:uxbtgf ‘a{%g)lg%

foregoi ng chineric acte ¥ neasuring
pl adigwtar %bﬁgasﬁh?sﬁeéseémmfwhé}s@sm abl e standards may be stored frozen.

Pri poanp aﬁhdnt@fﬁél%ﬁhﬂaﬁf chﬂﬁﬁ@%&n%ﬁ?ﬁegﬁlgﬂnsta(}ea%%Fét{cyab% Ad s%t uee%%e t%alglhg inter nal

standard se ant those to a detec
pr e "¥&r% é‘H’f‘é‘ °%°éh‘iﬁ’§ﬁ'6:é“‘?hﬁhaﬁ Heeng mppief of the infpenagstendard ghimerit andar d, are

e rrpb:@;eﬁdphagl: it Rlded 18 @R-shrhgR BekOprEos iR Be ex@it dFRRbJRNE ﬁ 'stangleO ] The
DNA sequence

ext st.andard | Si t he sane detect abl e re se ecte

as ?’s Ao baﬁcmp%gngﬁg‘n%hv "B‘g% PSPst Herereyewy Qﬁ@epﬂﬁﬁ@?“éﬂd@m pagieined t o be

quaﬂn:nemaf’@ﬂ:rabb! qbeprmsdﬂ:tedeNAhefrgﬁl@m péticlt, Bech s § ;bh&oggﬂ:tﬁﬁE abke by the sane
Al f the virus in t sanpl e.  Thus, a single

' copy g@%bme g&e?ﬁh g%cdg&gssn coﬁe eﬁg P‘f%"r“é“‘&ﬁﬁf"‘r?gqa@%ﬁ‘f:é‘?d%eacon anplify

and® fe%éﬁﬁt%ephaac maﬁeleeéznqbluederm shrae treemg:nmed’mﬁts iniing sdriife frocRisiigi ophage

ge%H&liéthUmndh rti.cle h as a M3

olati Suc %Ftﬁ%o@ﬁ%ﬂe‘%nwﬁalg%ﬁéaﬁ{ .g m%ﬁ eé]%xlyf %tjgﬁ % single

pha ar E for use as a externa
pcx? a@p pr D' mrggent iythe rsiginglisaple WthP@BhIMlswfatCh@ehBMcBngém,oft he DNA
s eqbineatiass stefiably askd ideSRQIADNIGh a bioldReR sardfié, oY s ?cnﬁin Higf &9‘1&' [, beacon for

LS SR S T R e A mﬁrdgrweeé”p?%iteangff Ter s
arenpwep!;red Whl ch hybridize to SEQ ID NO 2 and SEQ ID NO 3. A useful
BB B RER A bRk S e SRR SE RO o W ERIATY maybe an
| nP@E? e ismgn €EB? PYplseayence rbjiiviatemaldiatdard mayrtp bied eoraﬂyas% sRepience that is
NOhurhdHDNA RSB r&6d G %9%9&?&(!%91 the samglte ff HGihat I d a}/ b rre:esgnetnt In

then an internal 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:G 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.

1009] In a non-limiting example of the reagents used in the practice of the invention for quantitation of

HBYV virus in 2 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 internal
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the sanple. 10121 Engi neered phage particles conprising the I nt er nal
standard' and external standard sequences provide a highly T dyng0R6 r eagent
facilely used in performng a highly sensitive assay. As the viability of

t he ph@g)em)uﬁ, affected by the insertion of the sequence, an JAssay for
phage. PFU proS?%es an accurate quantitation of the rRATEAESP23512DNA sequences
pr es%ﬁ‘i[‘af‘i’ﬁa? eeuqus phimprie M%%ﬂﬂﬁ“%@@?@ﬁd&mﬁﬂz&ny@ﬁapzsfrnonbhase reagents is

Si ﬁmuﬂlan {?@ﬂﬂ])NI@eqﬁéHcé YucR b but kaluﬂﬁerdh@ﬂat%en&&ﬁd %%Vce Q\ttd tR&xte g?m{w n-1imting

exargé & ? g %%?gbof HBV i n. hupan wh Whol e bl ood
AT Ea A ORI B ReEET t%f”i“%fﬁatsmé‘f" CWQEW“F@ oftbaﬂmﬁ a known
anmoUMNA sjuenert Fhe@lantitbiiunaéthel amduinaf DING. lmogﬁaﬁ)ra‘g&agmﬁ@m e C%ihgéeng

bact t & eal -t for HBV and
© he SERRNE Sy of HOR e O AN R TSRS niaich Mobecigpdnd ¢ 5 v
ext domy. Pamermendmplegslarhyacopedeg gricdtoramelify ant @:enapmtgmanandaai saquag:chhe portion

of tynge &8 eae(pu,l,ﬁm r beacon used
for tt he sgﬁ fiﬁgg?ngég@g?r;k&%ﬁ#ﬂ?»@aﬁﬁmpﬁeéﬁ@eimﬁp and € & cmr’rlount of HBV
det &@rdats: ?r%eft}fg@ﬁdtfbth'éawage@wnée avmedipnedahevent of HBV in the original
san’ﬂmo} mm]emmanamwmphgﬂg thsarbe 8QecthbR Y- Jegct@@ﬁﬂﬁ sHﬁHcé %',seiﬁ teOMPr i sing the

i nser |nt e\}\ﬁ.al st andard sequence ar external standar sequence,

par £ mc?uﬁ 155 TS rsfence iR 2iviTesds P P fHantilyeds g portian, of the garamerogihg 61]@ ef fect on

t he detmmbuby thtzyanwaIﬁmeumumm nihdd ashusofaﬁa:matnah@daﬂm Timt, la@Mg10éopy BE NuUNber of
cop c 2006 WO Q3/ 0503 8 P /USOZ/ 38612
sarrg’ggqu 3 Hgmf\g?’rgﬁgﬁ%?ﬁ’m %’ﬂmecu&nbgacfm Wﬁgﬁ@d&mﬁm@dﬁﬂ? FMPE BYLEl to nunber
of P’?ﬂt“é‘?fﬁhmﬁleémhags expome C e non-limiting exagiplesd huntda«pda@@qﬁﬂmelmspr esent in

t hepiih R | @ age with SEQ I D NO
1 |nse§lgl§ed}ﬁl A [&Ctgrsl% on 6 &térl?agl egﬁgg %‘g’gﬁ’g’%sﬁ&'ﬁ“w‘%m‘nﬁ@ PRage particle

Wi t PiRgERgids 5'7N€')1('54 qfﬁyéﬁ\é&lg% thed2¥A $eguen@as depickris SEQIR Nodr 8CR exerrpl ary of

t hepr@igs AepbRELIR B@ﬁ&ﬁfo@:imphrfaﬁoﬁ A §inliQfon o[fﬁ.ls‘lslqllh&%‘?thg f {pbadSpect s of
the inyenti.on w reciated fromthe follown rie scrl ptions of

t he?fe ﬁ?’&é““éﬁ‘é?‘%ﬂ‘?ﬁ?ﬂﬁ@‘y Hepsblol thigiagtsrice, Prigers am@mbé@érhybrﬂquo of the
Fi g3EQE® ¥@2 bid SEQJD NOde piuedfl nivfecita dedabeto Abtedt Rfs FRIARGecOfnidd@e | Nvention for

acc I HBV genones in a biological sanple in which an
nt%ﬁl%ﬁ%dés('at an %éﬁkg%age CCRS is added to the sanple before DNA

extiPHEt s meemdedrvéavc. thee frgeriRORarklard miiBEde, anaffehnmmrqaaérn@mc Engmacraitan dard curve
derdo¥giche b iR A ng . Phage- HBY 16 F| 2 shows a
nol ecﬁrﬁgr ygjgc%ﬁucf%é ﬁ%‘ﬁi‘l"é@%@gg ?%)cgedo Asg?) emfcg'md IS(BIP“F‘%% (A), and
a cHBPlEtic (B) showing the hybridization of the beacons to the target
SeqmpCﬁﬁgneE@&H{aké Mldléﬁ c&ﬁﬂﬁfn@t}k%nﬁi starkii}@ ahd LRAPANGSG 4 ?e'ageng:gem:her at the

end Lhﬁ qﬁ and consequent fluorescence.
provzdc a highly stable reagent facilely used m performing a highly sensitive assay. As the viability of the

phage is unaffected 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 -
3




10171 Fig. 3A-C shows a schematic of the PCR anplification of DNA
containing a target sequence for the beacon (Fig. 3A), andJ4resi08dar d
curve (derived fromincreasing amounts of Phage-HBV added to sanples (Figs.
3B-0) . wB% gsogdsgs 4A-B shows the genomic locations of the primers and

b h t AGEYSLosHE t th

0o acRRplR Pl Lo R PRARE Rt BEs ch BYULLR R e ST ences at Lhe
pri nispusnces pExtere! %F“f{élsequ@eqawemntrylhe@b%sbetdncbﬂqllemémnmuexanfpies he recognition
Sequaneshagd w:iH‘SE ﬁﬂ@@@ n'lscri]cg ih%%sféngsuﬁs §xﬂﬁ¥1\€%d §:&16n, a0 %%MB%?%QE@B&é mers and a

beacon useéd .in assay he shad sequences nd 3' ends
of tH& 1918%56%‘“{ é‘!eemﬁjé?aéma%eéwtwlpwywméﬂas enginaeted ihegeslof ker

centtﬁﬁh{réfmd»rocat ed sequence that of the recognition sequence of the beacon

[02 of the, sen jvity and dypanic range
A0k, Hhi 368 e PRE: dr AR ROR g Aoreqi pdiomihe bUgipd bebr CHEPRBAD || 1y of
Phag:étfmcﬁgpm%mﬂngsuagﬁwmdésyrmum{ eotide after storage for 3-4 weeks at 4C
(Figs. 7A-B), roomtenperature (Figs. 7CG-D), and 37C (Figs. 7E-F). 10221
Figs. 8A-D show the concurrent (multiplex) assays for both the HBV sequence
( Fi gief Besepiptionnf thediigeees( Fi gs. 8C- D) sequence in a sanple and that there is

no ifespr ?%eeauﬁemtaﬁkmeﬁ oF Y il Q@B%veﬁ?:ma'f&r a&cﬁ?&or P t%&tﬁbﬁsﬁaﬂe t ube.

Det ai | ed iton of the I nvention fesent nethods are

des EFOBEYT & °1‘?gé°a BmPIE N DR o] ’E‘T‘F&?"‘if’ﬁ?@gﬂi@@%ﬂ? pdglpd 'ioéheﬁ‘e‘ﬁlpi?l mted to

par ﬂ:efﬁadIIINA embdiofsnd rammem dr MBIV, @d c6pHlisdn 10D Stard@RClirkd&HveddRnmMCh et hods
and is also to be understood that the term nol ogy

used eqé%a'ﬁ dsus'l’%%h"igﬁ%%yurpose of describing particular 4 1 June 2006 WO
03/ 0B6B 0Bz RGTOWSORISB BT Bracon iy dididmesiios ofaBoytion afitie HBVI@a‘Ion'IBIM)EﬂﬂQd to be

| t ti d |

t ho ubtlc ) A6Gink 4E nE ABiGR e hRaBhER NS B el i Eprer bR appendig
cl aihﬁﬁu‘)ff’mfesﬂﬂﬁglw@rﬂrﬁftﬁwmw&hebﬂam and @ngqieptfbioresaandeude pl ural references
unl 17 LAE JA00RNE 2 Shbddte Yr dli Fél@ﬁ:ﬁ;ﬁ:f?&ﬁ*&ﬁ[débﬁﬁ ga;mfg et%gzg@é £r | ef erences

a_net hod" |ncI udes one or nore net E)’ type
d es BF Peasen (Figr 3nand A gteesdard guive Aerinpd from ineressing ampymisral ﬁhag?-HB l8ded tpher sons
ski $ab@Hs (Rpst I@Cart upon reading this disclosure and so forth. [025J Unl ess

def j.ngd ot h i se Il technical .and scientific terns_used hereln have t he
san@?ﬁe%sn‘g&’gsﬁm@&ﬁﬁ%ﬁ?'vc [‘}Fﬂﬂ'@‘?sé’tr B“‘B?FS Biddeasen gedingdBY @y it n the art to
whi oventidr. Shi shadedtsequandoedt dieand Alehamug.hseamﬁce eaieddirfgdﬁmmstdmmm ats sinilar
or tﬁgﬁbﬂe,lugaé ascpml.: BARE LS LDES & sPAeEnge B PSR skl Br act | ce of

reserit I on S materials are
nOV\beéP@B-CI’I bed. AI | publications nentioned herein are incorporated herein

by B € 7§ ShdwR e atidnDEr dritiers TRf W28 3RG 43ke @@]&?JS.L;@! The sfhded

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 sample 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




connection with which the publications are cited. [0261 The assa%/s of the
I nvention provide highly accurate and sensitive neans for 20%ting the
. level of a preselected DNA sequence in a sanple. Preferably suited for .
det ecti 09 .5 the nunmber of viral particles in a biological sanple but not
bei ng sSO%M ¥ ®8d, the assays enpl oy standards whi ch™ ZEEUI24RE12
_ bactevb@phdgellx;aﬂl*ﬁmtésendmtpbt# lgnitigg, sine thepearo pf thapresediitkegiogwiintee: f or an
- nt efifddi ol HadaPehbied WRRIE - recovery of input DNA is assessed and the
resul t ant det ected level corrected thereby, utilizes bacteri ophages

cont Wi Yy uspd KIS sesgitistiion andihq awpngediclpings, Qﬁ sipgylar fsms Fben"IA “theUuch that t he
del emttadeiphucd] yeferaéesmhless lﬂ&tcﬁlﬁt&éi-hleﬁljfaf&ti&& 8khérristl OThud fdr GBI, BireARdY o®pTponent s

fromt € 0or assa Thee a tQ . geperate a
QAR TR L L A T IR T
par thecing apmmmpmul&smrsams skitlesin titeh&ummmadﬁg\nlﬂﬁqmgimadkmnhl s detected in the
Sanﬁb %I’lﬁags Jeﬁl%h %l g&:ﬂ}nc lzn(a sclfncﬁlﬁa{gm tu%‘;[: heﬁanlave tﬂe sa) re selected DNA in

t he sa Ie are use he ext er na an B’r@and’gzatlon based
DNA ogamery heslarsigadiayone Pmdlmslqﬂhn!ﬂ?eﬂéﬂt\a}nduhldmbammebql@%dgéwgamied to the

ass aydnda fid n{aehﬁ@eﬁﬁaruemvslhﬁ ARG Sl RBNREE, a{. bl f€d flitle facﬁes bidedadg CYC! €.

1027]. . The genom.c assa%/ he invention utilizing via ages conpri si ng
ext ecff 5 PreseitinYeR Dy the pre e§fddﬂ?}‘a9dﬂa‘ﬂﬂ}&‘e§é‘a?}éﬂ%§esﬁ r%“%\’bhqa@?ﬂsy accurate and

- Senghdntished RdGByte nBdrpaRdEHerdin ByQ eSO to deickibd the ;BBods BRDS maRAsIs inCl €S are easy
to generate. f’ F.Eﬁgxi q;ﬁt ?I%s 10'.#PFU/ ul). Secondly, the phages and therefore
t he cuop Wi BPE" PREUBRNPE A Sifhges are easy to quantify, by measuring PFU,
whi dt26ira Thdwesysvfths inviestion peaiie higidy hs;mraﬂe hmis’exishge dniednﬁfdr@ﬁhnﬁlﬁﬁg thelieved| y, it is
23S Yorh BelIRLRY BN sARGhd HANSEAL AIERNAUS B G enum B4R eePlarde ?eg'yj

resi st era ur e it is
easyn t yolpgicabsagpledut rweb,eaxsgehmed Wsmcmramméﬂrdsswm@@mlet he PCR conditions

rel %@ﬁ&m{:]ﬂ% ﬁ?tﬁﬂg@dfnﬁjsmgﬁég‘pp;d’pﬂm bﬂﬁ'séqrugﬁg't fof hqptpl‘?lg%tan&ﬁf {vhe% e packages. In

t he case o strand cul'ar formof DNA'Is automatically
r el &F8¥eRy of |“fli't“cplﬁﬂ§ aFSEER?dr“ééH‘F resvitapdetegieddevshromreqieddbasebyrilizs C, during t he

i ni tbhadnogagmmanﬁﬁg 4 BR lsa,tlawdamlymaigh @he ingl BNANGLRARRARAAARY Par ti cl es

of tgﬁ p ﬂtt gn are ferred ere s chineric ,ng\gxe to reflect the
pr e SERE B} HAREY 5 W%}i.ﬁ?ﬂ"‘t"ﬁ‘@"‘ﬁh‘éb@ngeﬁme or 18598 %!l be seen in

t he siendaniphsedto lgalenw,a stahdirdasaor Sdgld-fotnt pahea&»ﬂhsaﬁabeaﬁamaﬁbph@b potigd for the

det r and det e as little as 10
cop?‘g}s’ﬂr%?g ﬁg{?tkﬁ\%rngﬁgﬁa%ﬁlt@gBlgtxp&@ﬁ%d ,ﬁ}i.%%?m ?fts?cals 4 thf ﬁ%gcﬁ'ts & ‘e HBV Moni t or
assayanhta@na?f@emsckomdtrgﬂﬂom f@@@mﬂ,@pﬁ wssd foo fhe pxitrod standard. JJsinggs and thus 5 1

Junﬁyb%@%oms@d ﬁﬁﬂ%a&%o&as%ay e bi#ﬁ%@%&%d G&&ngﬁ&g‘e%dd&% tHleQss2f3Qr000 _copi es;
Bayer's HBV BEICA oper at es over 0gs I's sensitive to 0.7 nEq

(x Teppsed frgmti “‘d’é??‘@é?%“‘?erf%m‘mfg?yak*s ooo Meq (x 10). 10291 The chineric
phagm]ar"ﬂne@mma:raedy bahd 16}&1!;1?@1 lg“h%ﬁgll\am phegdéempﬁaﬂg extINAL irﬁ@;kmhh gueis In brief,
tar ences_-are anplifie PCR..an serted into_the Smal or Xnmal

si t%a d?ﬁg)%se?"ehces ?ffeésaﬁ)%':lf' ﬁﬁ%‘lrﬂ“g%d’f%s‘f"r'cgaaﬁ’e @Vﬁ%gfaso’gl REd HPbeet i on of a’
DNApdrtickey aeigssy itangeneratbiapiBoeinately MKPEU/i Seondly, Itheth@emﬂ tHeleforathebNA

therein the bacteriophages are easy to quantify, by measuring PFU, which matches 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 ence 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




- peptide sequence, the loss of beta-gal actosidase activity is therefore
- expected which is reflected by white instead of blue plaqd¥® 2806 pi cking
~multiple white plaques followed by a series of sequencing characterization,
- we-can therefore sel ect those M3 phages carrying the desirable target
sequenEEIIRB sequence of the M 3 phages is 7250 bBCVEHY38Hd its ful |
sequendes:t 29do 2WHOP tapidsoBnyatsdBYUEINAS®Y bpefabss wBériddops Cadisha@sifiauad7on t he

Inte lg.‘g(ztx]gégwéldhtgggﬁ(?rﬁoci%{r‘r%?o'g%q&pfog)et sequences herein are invariable

and ar nt o site in the multiple cloning site.
103011029]n Thelehimerisphags aretpeepprsd fpllowing:dundané econhingnt ik thclatiprese In wieé can i nsert

cany Gia &%&5{"& plifl@f byBCR anlt &AL H@'ihelsiat &}%&?B&fﬂ; ?é?;ﬂ%h‘?ﬁ%%ﬁo&& ?e det ect ed

i nto_the teriophage. To avoid the detection’o am nated genomic
DNA T4# §%?ri?ﬂ°’é‘°“ REARVA fragmspiante g Seopl o5 Kanal sits il digrmgthe albbraences i nt o

t he peplid spbage tlfeﬂ@ﬁbﬂﬂ&tacdﬁla&em@ﬁﬂ@mu? isEOhdfe vk b;lpeaahamahg feh@ebd Bpi@nite0 a | arge
i ntr.on th@) et ween I n an exanpl e of

R e o oY R R DURF o i el ol et he hunan OD4

this'e
genechiragaizigvewerpeharfot sclactalwsoY tharheges wiying thededireble higagsqubereiThe Mor eover,

therg %@ﬁ&?m;sgiogglﬁz@@pgg%hﬁsﬁhgegg@ dgqaﬁmntteﬁ%%doﬁmﬁ%ge can be used in

t he same fornmat uant ve sta € case Of single-stranded
DNA, mmhw—am?ﬂj%moe ointermet apyay.-lifstsalveon dhe taegathequehdesisrein ashioyagiebleruch

' kno%@ﬂgﬂs@t@@iﬁb thd BrSal ¥ €L sitéi thelnfuftipRicRhBg¥itd S avail able. As for the double
the |anbda series are a sreferred choice for the

:rg&q’i gcterl ophage,

Inaddmonto the dareet seqpencesmeptinned abpyee e HAnasSE: sequgnees thalarg enel y easy
; oI l[id!eﬁtilﬂ:tﬁ ;hergenomfeyeqame qibarclethd‘tem 1rb¢’lh€BHSbHcteﬂQ)hg&UTﬁE¥@dTiﬂ$ mm&c{n%l[ TEeI o
Tall own ort o as to vide t of ordlnary sKi In
the com%ml%tet%?(%mgg?m&)ﬁi "g{}l‘%te&l ST §ﬁ NG %é‘g"(ﬁyf B ?ﬁ@f“‘?’t‘(‘i%“t%maﬁke and use
t he MiStphage Sromrmchich oorpmmiq 1a3¥ys widifbe tunglified tineaons lacpe int@n thapdxists bateenieended t o

|| Ml xR ORfsh amalgfemm@meaa n%fﬁ%%m&, ot 2R ha LAVEOL] &1 ¥ Efforts

have been made to ensuré& accurac N s e.g.,
anoHney, Cmaﬁfé‘rﬂzﬁ beprepreparad i acmjéaﬂces‘vﬁféheé%pbngSrimmaMoeqowmﬂbermnmv| ations

sho ldﬂ“ge bR deeiOuaidRe Df\lﬂ%act!:kﬂpﬁa%@ cn IBEI{IS@@‘L'I% s%@ﬁfﬁ{\ﬂt frﬁ 'quéﬁ%ﬁv% s@idrd PArts by

nol ecul ar we avera e nol ecul ar wel tenperature is in
dﬂﬂ“]‘ﬁ]r’é

deg?’b‘é%c"fﬁe‘ﬁt”f‘ f-Sfpaded %@G?t\? eqlly “’5?"‘06‘@‘1"1’6%"*&%%@19%@?‘9‘@ mupin321 ML3

bac kedwilaiph e tlm\l/éctst MG bidR gy bRl iFR] A s 36 tHeQ@blisM irandel BacRARIhkgeORe Of i Nt er est
was erat ed I ng the appropriate pr,imne for the assay, and a Pfu

pol ]agng’{r}aasgms 75 ° éeneen?e gelvic f%rﬁﬁeﬁf"geerﬁ%fgﬁ ?b(%‘hdaﬁl of e re???’@ Bent PhagEs e ur i f i ed on
a 1%@glalvwmtoge¢dum1mxrifygdtqedniﬁfrbbrmem@ng}’m RF DNA (G bco) according to
manuf acturer's instructions. The ligation product was used to transform

DHaSF conpetent cells (G bco). Plaques generated from phage containing
inserts were identified using Hixa@plehi t e sel ection for the absence of

[ 3- Dﬁi]acthefidllﬂﬁﬁlgeﬁﬁ{ple\% it fortRQSastid Mev;&u (R S Sr AR sk%%%'aﬁdmby PCR using
pri mer s CGACGT TGTAAAACG I DNGQ 9) and M

13/ POE ebel\g %“’E"é‘f 3pd ﬂéfﬁ'épt‘fb e@w\m’ paroatsp e pefbpflasewga’eﬁ ns of the

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 -




AGCGGATAACAATI TCACACAGG- 3') (SEQ ID NO 10) in a 30 cycle PCR (95C for 30s,
55C for 30s, 72Cfor | nm). These are the generic primers fd¥nad086phage

- flanking the region of insertion. They can therefore be used to.screen
whet her the phage has any insert or not. Fragnents of the correct size .
were fO¥Q 95088 eened by sequence anal ysis. Bacteri opfBU#2#2t i-ttered and
serial dilutions were made in RNAse-free water. Bacteriophage was. put
directly into the PCR reaction, as the 10 m nute 95C denaturation, step

Eener at'gg&‘?A eac rea“lf] ¥ &n@géw %Is"[aa% tfgﬁi?ﬁ%blgé%‘%{fn%?ﬁw%g@%ar?egﬂggt es

rangiOFLQZ‘TOrfgmlﬂ Sheseaxe&etgmeac ﬁxmcrsm‘mmagdfenmﬁggereg;sn cliindgrtion, SThepnded, - one
part t. ed |nthe real -tinme
PR 2l MBI SRR e) Gheyl B MNP RAR G, RESrEREb TP iy 0

al t heryfiarther m@emﬁ@umﬁ mabzmne&#ctamophm@as fi@8eflandiivaal detioocwaé mbdedn | Nnvent i on

i's shewn. fﬂeawﬂ,g Baétmotﬂ\%rﬁ %%u{ﬁé&lfﬂntam@?&kw oﬂga H@Y%g,%ﬂ@ in a

bi ol ogi cal sanple In an infernal stan age- S is added to
t he dsuptymtien. ser wissulbiriont teskpesathe plsge BNA- real -tine PCR for HBV, and conpari son

to qmi amdaftelnﬂuramﬁr&@we%ﬁgeﬁgraéama&%kmmlpcn%&éﬁ&ﬂi d nhisinig oFHage- HBV.

‘FPij mol_ecul ar beacpn f he detection of "a portion of the HBV
gend °"’(’°ﬁ)"ang’&ﬁ &ma 29I 1P B)AsélT‘F(W\i‘%?Qs single sH3nged, enepattile ForEsPoRgde beacons to
t he OtSﬁibgﬂﬁaitﬁﬁdpﬂmmﬁmle? m?ﬁmagmﬂ@a:mass@p Bhak Istﬁtﬂlaxﬁf w&r}? l@atf!é ddgdofphor eFand 3'
quencher a 0 e beacon and_consequen uor escence. Fig.
sho@g“pﬁmg’ﬁ%gﬁr&%i e]H’S'!’ghtsf‘?ék PR “?cfilaﬁgp cgn of DNA containing a target
sequesdt eTl;ef:mth(ﬁlhétthIaﬁmm is sioein én g, armxcdnsmp w@nﬁeﬁﬂg\}m deb@heshne r e?si ng :
ano . a mc | ocations-

of ? ﬁié%ﬁ@ls; rﬁgqﬂ;@iﬁ)ﬁgﬁ éf Sﬁ?g §m¥cﬁc‘ﬁ§55§§}g§,ﬂ tgg’cts’ﬁ’g’ifi bﬁ&’é‘%&g . The shaded

s eq@xiraeteos apd realitim , aghdmpaisorn the sealrdance deivediienngn aimab aci ds

1275 stl,%d%ﬁg bidge-BER. FRRID HBYSa mé}élqla%ﬁlﬁ??%%‘ﬁ?erdeteﬁ%ELfﬂlo %n oﬁ:ﬁé‘hﬁq sequence

t hat of the recognition sequence O the | ocations
of BFIPREfA). a8 g sehemulisdBlrhouiagithe hybridieatiorrBhakeaceps tOTit?éarsﬁh sedeaicesequences at the

5" eddkltingdn sepRakfonQF tht NorbiRbE |a%umchégﬁh%oﬂ%ac§ﬁ %d%&ﬁcﬁg‘ﬁ primers, and
t he dar ker, f%%al | y-l ocat ed sequence hat _of the recognition sequence of

t he TBRSEESSFE o Agchegrati i the PL m@)féfﬁ?ﬂ"% Dyt comginiged@iseisiuesceand dynani c
r angpe the beason B\ aaeadeyd @fvetidbreved fivte tiefsihg ambings of PhadePiBV Bdddfi@safpRii | i ty of

Ph H | d ft for.3-4 K t 4 C
ool B SR b4 L H B YR B ol i S B oL o' ey assays
for S*b@@heqnlmeﬂ%B% S'endi¥ned of &mrll@@ﬁsn@dupl enme adids 127-36mpd tee BARI that there is
NO jdthedd, Erﬁrtﬁ‘erlﬁﬁcelb@Jn‘&ﬁEﬂoc!i‘@!’seﬁﬁgce%gmg}%t}%mngﬁgeg&gce of the B&%on'_'wgt ube. The

results show t haf thergeneratlon of risin ene, or a

CCF@°W§'§ﬁ]é‘°ﬁ“§“5é3fP‘i"é?f§? adpprysedip “ﬁl@@R{quﬁaxl fe'?(haflﬁi sqgnness el the® awhages i s as

hi gh eﬁﬁ ofliEpdpadn offiihe CORb b&k a&'tﬂetPUR%nmSﬂd,Fhﬁﬂ ﬂ‘@'&iﬁ?& CB]E[HIH% Redted £ nd¥et hod _Of t he
n_achieves a v h correlati on between pl aque- tormng units of

nv r
-thet% %%Efef’??ﬂgmmeﬂgﬁ“ﬁ% élé rising either a HBV gene or a CCR5 gene and ™
t he[08%) piFés 6 showmybar examnp essudi the genliivilyiand dynRgic tinkebfiaGIBVUsaR bf hadnientioPCR. 7 1 -

Ju 'ﬁg.%%@]gcts 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.




WD 03/:050308 PCT/ US02/ 38612 WHAT IS CLAIMED IS: 1. A nethod for
" quantitating at |east one pre-sel ected DNA sequence.in a bildv®%%l sanple
utilizing hybridization nethodol ogy, wherein the nethod enploys as an.
internal standard an infectious ML3 bacteriophage pﬁr}dsﬁls% -l%orrpri: sing a
det ect W9108030388get DNA sequence ot her than that pr es_é_’ FUSP33PRe pre-sel ect ed
DNA wHaUTaBCBAMED 8: DNA quantitated fromthe biol ogical sanple, and as an
external standard, an infectious ML3 bacteriophage particle conprising the
pre-sel ected DNA sequence. 2. The nethod of claim1, wherein_the
hybri-di z &t hehpdferanstivtingny lepss onesg-seleptpbDIbEReuET pRbivkagicalsampleitiligingp| ecul ar

beacons. yJuridion ¥RiBRMe9] witcket tHe hethottRHRY s bidRtetidl Rinbal abhAR@®as d i s an.
i nfectious _ML3 bact eri ophage ,conpr%%H}‘?%% rtion of a hupan CCRS gene. 4.

The met h&l3Gpetsroplags perticigcainprisipaadate segeRre R “¥®¥ne i s SEQ

| D NO 5. ibthe groecldtrt DOA sofuetideadt iMDNA piastitadd o the fologicdaplecahd NG sequence i s
a portion_of hepati.tis. B.virus. . 6. The method of clai erein the
ext ernal © tfrﬁﬂg'ﬁ?‘%%ias“ "éflﬁa]l‘“r’lsf%g?agtﬁ%opﬁ?fﬁpaprgcrl? T°CP gs‘%%%‘?r?'geilerr{’}ge%glwgorti on of a
hepat i ti seqBemgé.r us genonme. 7. The nethod of claim5, wherein the external
standard is an infectious M3 particle conprising a portion of a hepatitis
B virus genonme. 8. The nmethod of claim7, wherein the portion of the
hepiti %@@M@ﬁémmsl, whesein the byprigieation msthadalagy & real-tige B?gﬁ@lﬂrﬂcatw The net hod
of cl ai mydag Mh&uRERadohe portion is SEQID NO 1. 10. The nmethod of claiml1,
wherein the sanple is selected froma group consisting of whol e bl ood,
urine, plasma, serum cerebrospihal fluid, or a biopsy sanple containing
cel I3s. 1%he M¥ihddnf @dini 10WReréithetitdnel svihdarl Bah mfdctgal M8 bexkerophiagd Ng SEQ | D NO

1. 12. An infectious ¢chjneri 3 bact eri ophage conprising SEQ ID NO 5. 8 1
June 20080%5'6%7mé’§ab@?f'%7r§8612 SEQUENCE LI STI NG <110> Zhang, Li nqi

Ho, David A <120> Hi ghly Sensitive Genom c Assays Enploying Chineric
Bacteri opRAGGHea bBZm 3 kiehi B0 forfidt? Zaid RnB €8RS pedef SEQ ID NO:S.

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.




CoArtificiar

<151> 2001-12-06 <160> 10 <170> Fast SEQ for W ndows Version 4.0 <210> 1

. <211> 112 <212> DNA c213> Bacteriophage ML3 <400>-1 tcgct dduteg?O08t ct gcggc

gttttatcat cttcctctgc atcctgctge tatgectcat 60 cttettgttg gttcttctgg

act at caag gt gcce giitgicctc to 112 <210> 2 <211> 27 <212> DNA <2137 °

T equence <220> <2235 priner <400> 2 tcgcPHHu#t ct gcggc
gttttat <210> 3 <211> 24 <212> DNA <213> Artificial Sequence <220> <223>

primer <400> 3 ggtatgttgc cEFRVENGEJESTR¥Ea <210> 4  <211> 29 . <212> DNA

<2%§;mﬁ%&£giqhgh_Sequence <220> - <223> beacon 1/3 27 24

. 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

cttettgttyg gttcttetgg actatcaagg 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 .
ggtatgttgc ccgthbigtec tcta 24
<210> 4

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> beacon

1/3




WO 031050308 <400> 4 cctgctgcta tgcctcatct tecttgttgg <210> 5 <211> 239
- <212> DNA <213> Honp sapiens 1 June 2006 PCT/ US02/ 38612 24 g6 5 _
.gctgtgtttg cgtctctccc aggaatcatc tttaccagat ctcaaaaaga aggtcttcat 60
~‘tacacctgca gctctcattt tccatacagt cagtatcaat tctggaagaa tttccagaca. 120
" ttaaag: %&3”?58%{‘?&{ ggg gctggtcctg ccgetgettg tcat ggt cBEVERGERHE cg 180
- ggaat cct aa aaactctgct tcggtgtcga aat gagaaga agaggcacag ggctgtgag 239 <210>
-6 . «<Bbdxn 24 <212> DNA <213> Artificial Sequence <220> <223> prinmer <400>
6 rergtigrta goeqraret eetdgdgga <210> 7 <211> 24 <212> DNA 213> Artifici al
Sequence <220> <223>, primer <400> 7 gaagaagagg cacagggctg tgag <210> 8
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