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TARGET NUCLEI C ACI D, BY POLYMERASE REACTI ON AND
wWEROYNWITLTC DETECTI ON OF RELEASED PYROPHOSPHATEPCBHSGH®4/000093

preseut invention is directed to nmethods for the

detection and/or quantification of a nucleic acid in

a sanple. Mre specifically, the invention is

directed to detecting a nucleic acid in a sanple by
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det ect ed t hrough Creﬁﬁgﬁ Ay resence
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due_t Q. e anplyit i ' he, si an :
obt B RAFAR0RIABE sl op b ER L BHEo CR BTy thq prosence
VO 308 4RI Ac186 84186 Q Q4hIRQABR NS SRAFnRgre! ISk BUR reactions
met hods in genetic diagnostics in addition_to methods
in Aerendronybinding of two short oligonucleotides to specific regions on template
25 DNA. followed by polymerase chain reaction to amplify specific DNA fragments,
Nucleic acid amplification methods, such as polymerase chain reaction (PCR),
ligase chain reaction (LCR), nucleic acid sequence based amplification (NASBA) -
and related techniques have become a central techmolo gy in genetic engineering and
molecular biology. These methods enable the detection of single copy genes and/or
30 DNA fragments with a very high degree of sensitivity, due to the exireme

amplification of the signal obtained. As a result, these methods are gradually
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oriented environnents. In an effort to elimnate the
need for sanple transfers, so called "honogeneous" or

wO p@alosdisne" net hods for the detecti on of 2GR PCT/SG2004/000093

anplified. 5 products have been devel oped. One of the

key advantages of real tinme PCk is the ability to

i ncl . ™" .

arnpl g csARaERRRiots BPPRRRERlRid es BERAN om to metiods in research
systaimtedfenviog@waisal schemes have been put forward

for detecting.specific nucleic acids in honmogenegus
sol uti onsﬁ‘(f‘é”é%fm&og‘?h}ﬂm@elt@n@fl Tgy samile, fransders, mgallad

Appl ' 3 I [ :

o) oc hem iR 2045 tpe BB Mo Sieatoh df Hgt lbtised

Pr ogrodiatd havadeedn dSeilopddSAne8H hSH@0xd a0 e ditrealithonPCR is the
et al.., 199311-@Bia%chem , 32: 3095- %13;2}) and. Si xon et ..
al . a%ﬂ X9 mqtpde all neepsparyrgompongs il aigplifipaiiogend detection in
met hagdsy ' ' f -1t :
e B g R g R chP bbb TP Boen pt forwand fox
monidetaciing speedfiooisclein deids &t hamegensousldlntivels (ske, ¢.ge Heller et al.

mul (bR R b Ra ey R AR LR oh o L3P L Anl, iochem.,
POStIRBEBTL DM (AARIES & A 158D oc. NADN AXBRESL, USA, §5: 8790-8794,
tenperat-c rc c%cl ing, min m2ation of sanple vol unes,

r ealMeirigen sbals Riochem., 3apb095-2H14, end Bieowet 6b (1994) Nucl.

Co AUGERE A o5 ORh SR ot PRt BB AR e
r equnéRtrelr@ngarry out the 20 process. U S. Patent No.

5,210,015, issued to Cclfand at al., proposes .
f1 uor escepmsTiaghdeEmEHluRE ek g peEtarme meheds amdgnstruments

JEEETIEET ) shitdiS Al _QQH@ SR .
Such™appr otggﬁgfswwéﬁ@l%ﬁr e?rgf oy € Eﬁifailfl g’#{%%tlﬁ% saple
dy e she¢rmat hydmg, swtbindtion nf peo mdie)st-reaciion poracesitdheeps:, high speed

amoynt of doubl e- st randed, resent, or they 25 have

oo By SEU oAl O SORBIe SO ey el e g gient of
(al %&ﬁlﬁcﬁﬁé&ﬁqddﬂq@?mﬁzﬁﬁ&éﬁ&ﬁ% Malds cQRBGLARGHD, M@zﬁﬁnpleﬁ dus 1o
the probe is cleaved during anplification to rel ease a

f | udraple werrpotart mdsinmpdiSieattrnuiorrsnn required to carry out the
proportional to the anbunt of doubl e-stranded DNA
pre@é?ﬁe;SS'Duri ng ,anplification, the probe is digested

by the nuel.eass: et 521001 SfizMmcpel GicELabE s Bfposes fluorescence-
hybri di zed to the tar%gt sequence to cause 30 the

fi :J&aé@icmowbp%mfev -2 ﬁsrlwaﬁ%a@nwfbﬂf arpili fadine egducts
10 SR P CRERY cryf BURLD Bl RECONGE QIR ayes emch as

PCT/ 862064 bABOIATB 0 indicate the amount of double-stranded DDINA present, or they

have employed probes containing fluorescence-quencher pairs (also referred to as

the "Tag-Man" approach) where the probe is cleaved during amplification to

release a fluorescent molecule whose concentration is proportiopal to the amount of
double-stranded DNA present. During amplification, the probe is digested by the
nuclease activity of a polymerase when hybridized to the target sequence to canse
the fluorescent molecule to be separated from the quencher molecule, thereby

cansing fluorescence from the reporter molecnle to appear.
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O her nucleic acid hybridization probe assays
utilizing fluorescence resonance energy transfer pairs

w0 piieiaet hose described by Tyagi et at in T.SPCT/Rar00#000093

No. 5,925,517, which utilizes I abel ed oligonncleotide
probes, which we have come to referr to as "Ml ecul ar
Beacons. "ofieiMilcG4hAl HPSRGORI RN RE: dstaRitiizing ﬂvﬁorescence
ol i gonucl eotide whose and-regi ons hybridize with one
anotésenaties chongpntzansfanpairsi includé thosthdesatibehby Tydgi at al. in U.S,

targe t arat,ed..i f e.central .porgion of th
or ongenpby £ 4753 EP SR bt eI s bt PR which we
f 1 URERSERRY 1ol ko Rs \ableMikentlcats, " ReaeRRnlaY BRaRfGRE8e is an
have al so been-descri bed (See, e.g U S . Patent” No.

6, 15bizearlsosde shosoemsgions hybridiye with The geothbntorfons efhairpin’
det eclion_apprea o eneral .requir flLuor ent

o oo aBa AR P R EER T 5P Rss H6F Gfesl ot ST Blove

f | uayinsEentto 4O IR R§uencB O NMSTRE'D BN6feaddny vauidhe bf Mitecnlar
di sadvantage that_ the fluorescent conplexes and their

bi nBempuriyPepiabss bave ala haenvesaribed ($pe, «.En Lhdui Rateni No.

t he -3t t rescer/ quencher markers or
t heﬁﬁgﬁi??zq%%l&% Eoe’f]ﬁag’irl Ftlpilﬂ'ﬁ | oop can alter the 15
I nt er act iMhasofludrb@chbdigtotidn apploatits &t peharhltbg@td @ fluorescent

nol ecul es either thyough cheirnical _interactions or

t hotigfRPRiKhand ticrepdHeRropheraet rquendher. Merhiduyeswanksompounds,
bee Lsal i ' :
nt | 12T o SRR e € ARy R bl e Atrostilt sompploges and thor
sel birdling mbistics areedatvede large pini additioopthe presence of the

el egtrochem | t uni nescent nucleic i g .ass IS

i < CPBRSHTeRPL RISt SrADF Pailie o fhe heia Heg Suraor the
94083dien & ithe Ibbledinukleid MR tith 2R Abl8hRéLGHeP hrough chemical
assays have al so been described. U S. Patent No.

5, 5&gegeionsios dueuzh genwhiodranse. “al . . discloses a

fl uorescenc | arizatiQ ctign of nueleic [ .
ol 111 oo o e gl Aldin JRefie] AR Sl Brection and
ol i g@mﬁmﬁ émcmmw@ﬁmﬁ@am%ﬂbdm@ b8 sekimmalea sequence
products. U.S. Patent No. 5,340,716, issued_to Ul hnan

et sPlicalipnelpstshenpumanescen puelgicreil afeay s Alspipsed in patent

pho b ' ' : S TI .
PhorPaelitE YO SAOE 047 aAees e ekl pt &), Hiybridisaiion proteotion
al sasdag: haveddsdrdch ddscribed hBVe PassaWordsBa 467, Baicdite Myfker, ot
i nduced l.umi nescence as in, U.S. , Patent .6,251,531...
Blea R FiBpeuch polafZa A oy Ml 34, B pliioation
| SS e o Rl 18h:36d QFRnBlhRIRABBEOMA detector-probé extension
chem | tm nescenCe | mrunoassay using a |ight absorbing

mat pradaikts. WEE. Bant Mat 8,340,800, isgued %9 B0 et el odessribes an assay
wheARodR-0E SgitsaRe S Bt 1R, SRR

nucl:RéfilaGimdscedt matrices have also been described, as have assay methods
utilizing induced luminescence as in U.8. Patent No.6,251,581, issued to Ullman st

al. U.8. Patent No, 5,017,473 issued to Wagner discloses a homogeneous
chemiluminescence immunoassay using a light absorbing material.
U.S. Patent No. 6,159,693 discloses muethods for detecting specific nucleic

acid sequences wherein DNA. or RNA probes are hybridized to target nucleic acid
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WD 2004/ 090167 PCT/ SG2004/ 000093 sequences. Probes
that are conplenentary to the target sequence at each

whawe/ogrie7 depol ynmeri zed. The nucl ei ¢ aci d det BCT/BGIN04/000093

systens utilize the pyrophosphorolysis reaction
catal yzed by various polymeraes to produce

deo ' C ' [ ; ' [

T LR bR Bt ark o ABRARARE R, ALTABOEARS bl Bach baso are
3ct idnpog&xédﬂaelﬂ,. Tﬁ?ﬁud&&'ﬁ apidatd tem‘ﬁdzg bystmmd g Hizeethe birapRodphorolysis

etecte uci.fergse or, NADH base etectign .

systigAgLo %@ by yrrew Rl reemases 40 Prdyes dﬁ%W’%PE“‘&E%d&

by . C o . o

o o AEpESirhRs bEALSRMERK HiohdsPhAAS NPT irk tab SELENES ATP by
beerthel estior aEIDEKL. TheRETR ptodhiced 16y thid: B8dtions $sdateritdby

ren et al., _d] oS a 10 nethod for determning a
EZCIQ[B@?W&@ @éﬁgbﬁéasﬁﬁ?@ﬁcmﬁtﬁ@és a net hod y\,hereign
di ff erent M@Megeéﬂcﬂfgsa ge?'hﬂﬂéié%?iﬁa‘ﬂy FRAHlE $hPdeBuential

ei ther added to difrerent” all quot
t enpelrss eiFRiE fromdNifFepreeursore dadoie thesaguesiiguebationdiave also

par (eetrgrebito s Ml Rebosdt el g ddty wifoses
r el aa&Bdd ifdr dehﬁnﬁﬁﬁ%ﬁmu@gﬁquﬁme wHitlPsori@iRe & Mhod wherein
6, 258,568, 15 issued to Nyren et _ al., discloses a

et ][ﬂiﬁfeneat detaaveieotides Qadﬂfmxygmcm@dg%q@@rih@" gdgné feifferent
By LA A A LB

pri mafxtireahd eheliin Sictinadfedti6n 6£2 p &l alay bise it HeterrSiARE by
m xture, wherein the incorporation of_a particular

bas &eteting i i iplraerdoy thereruarcmgrersionpiy.Sy Balgaidle 6,458,568,
the iﬁ&gﬁﬂ dt Céli'sﬁﬂse@%%é%ﬁé&forfd‘éfélﬁﬁﬁnggﬂ{l&¥§ﬁc?e d& uence

nucl eot| de-degradi’hg enzyme to cl eave uni ntor porate
nuc Ixﬂm'bm@ﬁﬂﬁhbdmgnwﬂ@oﬁdnwmdiﬂwmwoddss ae elther added to

nodi f.i.catiaon of ?Pi detecti.on during a VITEr ase
Feadtibiot flkdsaf depiimi g biut oo RS S el t e
def i AR ARGMENGRere the h&ﬁﬁ%&ﬁion%rﬁ:fcﬁﬂmﬁﬁ%@MEérﬁxmed by
detected during the replication of "a target nucleic

aci dlet@singthPRivcersciHE thasegnercing Eaction adlaphich further employs a

o o BB AR TR B e i PRy g

out met hoWBe prEent iRAGEn g idd: Sasodifieft drcati defctSMiduring a
nucl ei.c acid using the target nucleic acid in_the

sanpiodyrgsraspreeelion tekcanhe wed tedsterl theiresdns ohp ArBrpdotequence in
et . ' o
nucl caltge &Eﬁg@ posphake 1&95[&%&%1%%3 regmaﬁcﬁwoaz%%c’tt éuclelo

repl i cat'ed. e consunption of nucFeotide tri
pr ecaigor s

SUMMARY OF THE INVENTION
The present invention provides new methods for the detection of a target
nucleic acid in a samplé and kits for carrying out methods. The method comprises
replicating a new nucleic scid using the target nucleic acid in the sample as
template and detecting the consumption of nucleotide friphosphate precursors as

the template is replicated. The consumption of nucleotide triphosphate precursors
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4 WO 2004/ 090167 PCT/ SG2004/ 000093 is detected as the
rel ease of PPi fromthe nucleotide triphosphate

w@e@enyEoer that is used to synthesize the now@msGmE0€000093

acid fromthe tenplate. The released PPi is
enzymatically converted to ATP in the presence of APS

and ATRt&wd Uy hél%e of PPi fréthRhé Sudl&Re18 B ns??gt}é‘?&&msor that is

L,ntciferin in the presence of oxygen to

| i ghtsadrio Synthesifothmnetv dugthinadé from the hersplateh A lzubleewd PP is

det eEtp bl BRaRt R Il Rastthepe ARS8 A niytese, The
t ar gAPBki@inCreatbdlwith [AcHBRPIrEthE Yrest il oGl Bftogencrate light in

target nucleic acid in the sanple and deteCling
ampuhe ferm pplumigesescat ed during the replication

B Fogar! t M BER el b8 bt hpp ofionnip fig medidds of
enboditeitig, thé BeecbRR| LifRhde) br quAAvie) ¥BStafed: A8@EIctRM & a sample by
replication (i.e., anplification) of the target

sequERdeatingf wresh avelsisastd indhesannle sl defeetitech pagunt of PP

above,_j i I - | A on. .ln..

i o eeisi PR bR calbr pRRES, (148 rafiRib bbb b tincar or
a seabgafithmiantpliaise piicean dn afprafatedEhbbdinine théreplication
present_in 3dm’ xture. The oljigonucl|leotide 15 primer is
conpiVAETEE algearibmirareplination (e ermplficatignhel tharestisegrence.

As a resu ' W =Tal : : :
synt hesi z gja gfr%@tg ??g g‘??ﬂ%ﬁg&hg&l g% ?%Sggﬁﬁ%é)ﬁi%ﬁg?epeh 5 dto allele-specific
pr ef enphfiédiony Do tds application dhe moddie beiddemplateTdtand is a sense or

i nvention also.provi nucl ei c acid anplifigation ,
i A8 Reech BE P S i s oot iR, o o epmuctootide
for p@@afisfos k2P ROBRRAEBAE 8 A8 EPhe ardPlified. As aresult, the
deoxynuol eoti des, or- opti onalﬁl%D deoxynucl eot i de

anal @xjires nuelsic astthsirapdisirethedzakon the iphplets ayfand Arepplified

dATP: [ ' ' g,0f acting as a

subs rregeggﬂt?agl&%g%M@%ﬁ%@%ﬁ%‘iﬂi ncapabl e of acting as

a subst r affid iaveriohadlch FBvideeiedsit abidymmiifcad @l mixtures
optionally a target specifjc oli go%r;%gl,eot,i de pringer

whi cFPIPBRIRG p Palymcsass: defpcjion enpripesioy identitying gyroghosphate release;

| —di t ' ' . . o x
PO AU PRALABSIABE, ol suding.

per f plend afiATE] 2l ATEcndlogepivhichtiz capable ofmeihg b £ athstmis for a

or for detecti th resence. ahsence, or Lity of

o ottt bl BrenbIESTERRE S n SYRRRE Tob et o etbofon eozymes;
cont gad\§ticHaANY &itits Btk rRific Ali p ARFaciag YtTasor wHitH Bftfidizes to a target
and/ or any of” the other reagents useful for practicing

t he Rdthoudfsiliteise pplyaweae-dinesied neilisationnnf the target sequence.

ol i gonucl epti.de can he | bilized as. an.individua .
ot “on. - a DT iR bif i pBTpRBe Wl 4 roptication or
al | owmpfiedtiont dtFopddbdtineGBd preferics abdn0s br § iy of a nucleic acid in a

sample. The kits comprise a container containing one or more enzymes, buffers,

and/or any of the other reagents useful for practicing the methods of the present
invention. An oligonneleotide can be immobilized as an individual dot on & two
dimensional solid support, thus allowing all the amplification reactions to be

processed in parallel.
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processed in parallel. 5 W 2004/ 090167
PCT/ SG2004/ 000093 DETAI LED DESCRI PTI ON OF THE

wOo MERIUIEN The net hod of the present appli catiPCI/sar0@00093

used to anplify either RNA or DNA \Wen used to
anplify DNA, the nucleic acid polynerase is a DNA
pol ymer ase. AWTAHGEDIEESCRWPWN@F@THEWENTION
exponenti?L% Li,n I|f|catLon is 5 obtained

the targe pedh Q,f c@‘? n PBPII%BO% Fl"fnybec I ﬁ@ﬁﬁgf gither RNA or
Ol | IORACI Bl f16ed 1SR IiPINOARE hitlleiR TPhal ol ik sl DNA

obt ai ned when a second ol i gonuc eotlde I's © presout
t hatpulyneasg| Mhﬁam;on eanttedivear g@{pmemltiel dLiaeirdimplification is

li=d-.T there hat t ar get ed
£ or Siaited i M hrseh et mgnd 66 top Qo il b ety qligogucteotie
eDNAyzamdgk SPAhSI @l oh T @otﬁlh&@ﬁﬁ@@ﬁ 42348 'i)h%@ﬂﬂc‘feohde is

f ashi on, en RNAlsthe 10 initial tenplate ever se
tr arr@e&enb&lat@ complémmentaytio e torgktmmleis ecid AltrmuhbEwo ptitmers flank

Vit B T B LR R e ot R st B ehorbed into

det Q@N}gragwmmeyﬁmai e At 6y 1o'gf£tﬁ§mc faﬁmbﬁd%énqliNA is the
exanp| e pol ymerise chain reaction (Sails et al

Sci dnigiel mlafmmerie Eanseriosg is the ingféel golyoreanss. retiwnberof

( Lal}ﬁl b& ot Fﬁ%}%ﬂﬁ?ﬂlﬂ%@l % a‘? %gﬁﬁ.ﬁ% zloﬁ%’) sz Vc)l)e&m developed and

rolllng clrc zardi

Nat wes bSadaited t dfect kﬁGwﬂ%BqdeﬁS&ﬁédan&n d[‘l‘!é&é"ﬁklud@?foh @ﬁeﬁnple,
as kn?vvn in the art, ?@iﬁ@@l um nescence detection i s
t ec RILEREAEEE HacH &kl Snienee 33k 135%%% 619(85)), ligase

kol CE NG A B i e

sy ntahrqﬂfmah&ﬁ)(ﬁiimrdtﬂml-b Wﬂmﬂﬂmneﬂlﬂnﬂmyi (MMB‘)E shbther
nmet ho nunb enzymati ¢ net hods have been

off Tt itk 8
deséty EieHE W he %‘Fat ure Reeves et at, (1969),
Anal . Bi ogfg ‘I&mul%@msngé aet%&?on iPdiddhfiode %Eseﬁton tﬁé gg%%mon of the

Anal ., Bi ochem, 170-180; Johnson et at,

An alxeleﬁmdhvmpho&ﬁ}aza(?ﬁmom r@uleatlda tr(ph@%)aya IAnealrsor@ during
Bi oghem . #p §7t56 nddDr ke, et al., (1979), Anal.

Bi odrERAIEpendant Puepic 40jd SSRMSSIS o red’ i n the present

met hods tlpiumf bedeidekathyanshy difitltl inbthiods SETPhabeF
to identify the release of pyrophosphate since the

ano FREYTBELY Mgthodg b brcadlepaibed ipthediverpiarg (Reeves et al, (1969)
h .
o PR BP0 28 A S Y LORIORR B, BELEARC. 170150

ano Unhnsmh doaf,e(lﬁ)ﬁﬁp:mﬁl diecherd ]rﬁ,atlmr?d’.lédkr et al:pﬁ‘l@ﬂﬁl),lmal
PPi t
gg |m 893, gﬁlzfsgig a%%sﬁragg 21‘? :ﬂ c()lnf-)7‘,)) %arll ngchem 94, 117-120). It iz

preferred in the present methods to use luciferase and luciferin in combination to

-

identify the release of pyrophosphate since the amount of light generated is
substantially proportional to the amount of pyrophosphate reJeased which, in turn,
i& directly proportional to the amount of base incorporated. A method for
confinuous monitoring of PP release based on the enzymes ATP sulphurylase and
Iuciferase has been developed by Nyren and Lundin (Anal. Biechem., 151, 504-
509, 1985). The method of Nyren may be modified, for example by the use of a
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30 luciferase has been devel oped by Nyren and Lundin
(Anal . Ei ochem, 151, 504- 509, 1985). The nethod of

woweemaybe nodi fied, for exanple by the use PET/8G2004/000093

WD 2004/ 090167 PCT/ S&004/ 000093 nore thernostable
| uci ferase and/ or ATP sulfurylase. Thus, in a
pr efgme éltbrmesﬁabldi Ineiitrgselandiok éﬂ&sgllﬁmﬂaéeu CTHusy inre Eefmred

oy« SRBURRER NG SRl A bR in ity torcase

subg¥ pﬁésl Vaidl=2Rethé ARt o @ghb n%f%!f‘its sQbstantially proportional
pyrop ospha e rel eased which urn, is directly

pr opd %mlnt obpBophsphato md@aS@ﬂWbatsh%mMrlp dlram’cbicproﬂ'diwonal to

s en g{% Ry g F%géﬁg% e’%‘ d %S?E%et ?Pﬂ@ﬁ ¥eé1fiﬁy k?ﬁ ﬂetennmed by

pre&@vghegbnemwgew@aswasﬂ@ , aeineegttérd the PIY i
detection reaction are ATP sul phw yl ase and -

Luci f er asiéhe preferred defeeling arzymes yivalved in dachRicletection reaction are

Yk:kﬁlu deélg’éﬂ ¥ %‘ﬁ%’g‘?&‘ﬁ ?ﬂgg ﬁﬁltcﬁlj 3 F?fiee% A %%co%%tl:tmns visible light

i || issgemataedl thed i9Wroptirtiénal bethe m@gwef %n@ﬁrﬁ yiged mmmees,
step, I ndi cat ed [ n parent heses: ucl eoti d

( polisipted the raquired epmma;&wsa(:h\atpp mﬂwaéedyma@@ntheses
> ATP + SO42- S AT? + Luciferin +0 (Luciferase) k Al

+ PPi + Oxyluciferin + CO2 + light, The pyro

| um nescéENA)deMaeldotide Gudymetasg)n—bey (AR, €#FFio
quantitatively detect the presence of a transgene in

a target DNA sanple. Wthin a tine vvindow 20 t he

amount  ofppPRia pay §ﬂﬁir_?l Q%op rt) (20 the quantity
of prinmer: tenpl te nuclelC aci or t
pol yneri zation reaction.. Thus, detection can be

°°”%B@‘tf Tl BRI e PR LR co, i,

sensitivity and broad |inear range of such a system
it is possible that just a few or even one
pol y mer i Zeipore hesivedcon datachonsyaiers caebd applicd to quantitatively

anp ti0 cl Wi, | | u fi S

F or et pRrEK Srlebgletn & kRS INA gy b fRRie window,
t heft® dnSonnd @fpppgkoﬁ@ssadqs Preporteil fitthe slumgy bhgrimer: templai:a

pol ynerizatjon product can be directly ~detected with

f or Teslaimaril BT tenolpRedsaben rastipawil igs. direien panbagondicted
th

ot S0 el oy BV AR o Wl A RETBL MR, D o tho
gr ehighseasitipity ﬁmcbbm@]!/ﬂ}nelmmmga m:ﬂsuch: aegstetoyin isopesibid thet just a

ti and 30Iovve oper.atin cost. Frth Y v e \
det G5 PoRSrOmSHOLPlZALPTSHE o e PRiRLifigptipn cyoling

| umigig SR GEHRANEERA fbﬁcf&nﬁ@tﬂoﬁ my eRAERALESh {s%equired, there is

ot her ni ques
no need for a PCR machine, since the polymerization product can be directly

detected with, for example a luminormeter, following conversion of the PPi. The
invention thus provides a method for detecting a genetically modified organism
(GMO) which great-ly gimplifies GMO detection, culs down operating time and
lowers operating costs. Furthemmore, detection of PPi with simple enzymatic -

reactions and luminsecence requires less skill when compared to other techniques -
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7 WD 2004/ 090167 PCT/ S&2004/ 000093 of honbgenous
nucl eic acid anplification and detection. The present

w0 pooeggilon al so contenpl ates the use of two orPCTIS&@E04/000093

PCR primers to anplify a specific target transgene or
nucleic acid to ensure accurate results. The nethod
of tIwéhomwgmduonudngcmﬁmnpﬁﬁmnedanmd&m& eps but in
one 5 enbqdi ment if |S£1erforrred|na3|n

honmogenous! FEEREEEbIVERICR dshenderap]pias e uséﬁ’f W"B AREEee PCR
When HﬁieE‘Qtopﬁiﬂ ﬁ%ge@lﬁg weRititdhbdbne 8r RAIYEE sure acourate

reaction or a r ext ensi on step Is per orne
wher agsplts. h@hwmﬁﬂmdsofrthm:ingmtmuhﬂ(m}) baparforimeddn poo atepsi but in one

o BUBheR IS BB bl Sk e aber
ot Buit@Rkde WIEHRY FHfpRed @%gﬂ&%@g&eﬁé & B ora

after the polymerise reaction

f r onPrHET poikeyditre stap ds parﬁmwdmhmm theyaries mnhmede(ame

lyzed b | t le t
FoactBtPRaBPhoReRPa R e den. HeraS ABrieieede PR i onitored
enzy Begetadted, e asﬁarwﬁemer%rrﬁ@enﬁdn&tﬁe %{%‘ﬁ&ﬁh@ﬁhﬁ&o@ké}{‘plme

and uant ification is based on .a | um nonetric
r eac L h afienihs pelirndsasegaantion hﬁ@taﬂmuce samples from the polymerase

spect [ uni no
SR S A
Pri nmastmamﬂ&rm&zﬁﬁmg th ol cdie \detct o SP6Mssand reactants.

for enes_to be introduced _into the enone of a

subj 100 e Irpfegred dpteption EMeaHifsongs bassdi ma hgrinpretrio

gene

o1 s KB Bafho LRl M F pect IR ARRREY, Pl use of

i nt r buivesicters is wilbimcsvn iBahphe amt\ﬂmcﬁhed twetht didreldran t h

20 t hese %r.l mer s @rF%I:I tanggusl and onvenl ené n

i cr ot i 4 el IR G bedrsieng TP G Sy semes to be

ont OirdrodRkdddnRi RS eAtial oPS mﬂa}éeemr@aest icts tﬁﬂnds@%fﬁ{ddlfymg the
other solid support before prinmers are added an

det egtiesin npkeaprpl fifat et ¢ctnIn eromilondinent prlines ags dﬂmgncd for

A te I the ri e, att aghe he .
Sol | TS 08 HBL] ROR BB Rt 2SR A Ban be tested with
thro ﬂﬁb@pﬁmdﬁt eﬁﬁ.ﬁlimbdﬁﬂy tahé cév@nicaf e ientdroting elRsl . Thé%est DMA
The detection nethods of the present invention do not

r equin@g afsRie =ity waiopghid phasenghag %E}?mhi‘al}éﬁ shspglide or other
Fr omy At DABSSRY F RO rifefs 48 édymﬁ Wi o YR bl i3 5 0n reaction is
of sma , 1 Ch

i ndi cat ed“by snear sized genam ¢
r epr exveind oud e@ltadelﬁivd]»%h& pripkatresy béatwhed icoiindolidpladse material.

g S NG T T TN, T T
defined 3@hkQERLAL meRdl 'o?&erﬁéﬂehﬁﬁﬁlbﬁfbrf)?o Aot rRGdE DNA

and the detection of M rel’'ease can st
samples that are high in purity. DNAs from processed food are usually of low

quality as indicated by smears of small sized genomic DNA, which represent
degraded DNA templates. Even if binding of specific PCR primers to template
DNA do not result in the synthesis of full length amplified products from a defined
template, partial replication of a target and the detection of any PPi release can sl
be detected, TFhus, the pyro luminescent methods of detection described herein
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be detected, Thus, the pyre |um nescent nethods of
detecti on descri bed herein. 8 WO 2004/ 090167

wWEQABEAE04/ 000093 have the sanme | evel of spekCT/BGR0Y/000093

but wi thout the requirenent of sequence integrity
bet ween tgé)i mng sites for regular PCR detection. These
net hbeks thpsanes leveluef specifisity, botiwithoyt therfuiremant ¢fsequence

det ' f VD Lesti in highl d
f ooty Beweptphiifla lfts O rtaat POR QERRBES Thremethods would
degr iflabi QAIFRMAG vestil HtHE detectidifofIEMEY tdshily FRRIBRYDrocessed

may al so be used in the detection of pathogens I'n
edi bfeedsasaples forrratple, cod pther sanplerwhtealesradatios ey by an issue.

Priners sphtrret e bR el An e S R IS i afpahpsens n

pat hefisleYooCpdbes desmenes nadttalfeds kicH 16t 86t TWEblutions, and
and anplification nethods of the present application

to i tBmmPJuEdnbEmPTEPed s SerDYA soauences sipgic for known pathogens
cos BToXS . .

ot o G oepfpuP B ed s e dttcHon 20 GBSt Min hbfiogs pfthe prosens
i ncl ampdidation ol demidy yomnagetsdattofdoodpeduticcosndtick bemedical
chai ﬁ‘],extensi on reaction step. Thus the detection

cnzy 48 are added to the reaction nix for the

pol yner as | L ' it

G g the pof yeay Qabi Stk ofthl k@i, #Y Srlorthn glofites canbo

t he melwded &t fhe pohmepassirbdctiph wiepi ing lim de dhatn $xension reaction step.

deoxynucl eq . de triphospb t recua. sors .needed for
the TRIGHF drrefiipm D Be ailatRRa b hif 7y g pofinerase step
at  preReb, SRalteldod Sy EtEa! dsleihdé PEYmMEE PeaeBbn aThe Afction mix
a tenplate for polynerase- directed replication, and

i n aftythersplieation stspavitiethus ingbide &g fur degxyppeotide triphosphate

PS5 ALY AT 108 ORISR 5] B,

t he lehit@aavliteoicladde prifRe whidhead ebead 4 Ripene YeEHgafase-

al ready be present at, the tinme the reaction.is

i ni t PEReRd tsPldaey. mdyinsareisead aoppdimanh fcifipgb RE, ARBt

i nitg Chal QL. 2 js t "
e B R T o R B SRR PR e e SR oy addition
of aefthapblyterash or theciimoheclastideprimgru iltsydetrtion eazymes can
contam nant of cl AIP .25 added. as dNI? precursor. s o
EndoHERBGL® RFB=Thiy i 88 PR IERFiaPgs PHLTHOOp (P8 Brd g pdded with the
| uci fe@idoh 15Y Blif M2 r8ic¥@pan incorrect |uninescence

readi ng. However, the endogenous ATP can be renoved

from a sadpgiPecapEomshtgs be presemidn thraepdtionanizturgduring or after

|t or kR AR P BRI S B B o R b it of aare
| uci idi¥ed 28 ANFPremfsor. Brdogddhe ATIYAay also interfere in the

pyrophosphate Inciferin system and give an incorrect luminescence reading.

However, the endogenous ATF can be removed from a sample by contacting the
sample with an immobilized enzyme such as a pyrase that converts ATP into a
product which is no longer a substrate for luciferase. See e.g., U.8. Patent No.
6,258,568, Thus, in one embodiment, replication of the tarpet sequence is carrled
out using a dATP analogue which does not interfere in the enzymatic PPj detection
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30 6, 258,568. Thus, in one enbodi ment, replication of
the target sequence is canied out using a dATP anal og

WO eoomfopaaky does not interfere in the enzymati c RPI/SG2004/000093

detection 9 W) 2004/090167 PCT/ SG2004/ 000093
reaction but which nonethel ess nay be_ nor nal Ig_ i
i ncoiepeian ey whitlnanaihadoss mpyhmorsaldy incpipogated into a growing DNA

poly 0zl S , 68. The
nmet hogs @fap ﬁ@illeﬁggghtslegn&g(h§$ ) E’g{eﬁgﬁ o@ﬁé%% I nucleic
aci ds at t Faketkthddd of tisoinvehiidu pRor e padihed on fmREleic acidsSattached

detecting ;specific nuclel c acid sequences generally
i nv PV HigFEBpott-2 Metlhnds dor defreting spretfiqmnleds scid seqneappesgenetally

sol i gy %3@%@3& Eag ?:iettglfégéﬁdﬁ%li@ 28488 %%Eﬁg Cstelrlyllacﬁ'le&scﬁ as

paper, diazo a on nenbra

sol i mitrecqipudsds papyr, atlhdodemaper, Glazotizetipap@ bi £f1yMR herMirane.

a beﬁ%ﬁm general, any solid support may

conv |SPPRt ey dlioke 6 Agnisiitsallher abesd. by gensral, any
descdyr; ' i ot 1S [RWET

S e R R opdeE o) Bon ientfy 18 wred ibtuding any gf the vast mymber described
assdpshe m%g.;é&raspdrmﬁoréip?a]:mﬁiﬁzﬁimppmm?@ Oﬂ.?m’lidqﬂfalga assays, such
particles i.bers or capil)aries mage, for  exanple

of a”@?%@@,mlﬂ‘é FYRRODS SOmRFIFHA R ,"k’?eg‘P%ﬁ oppapillaries made, for

POl Vesdadi®) @f s PSS [ bligfilaRS T UaphB§Epart

t hey can be ?%%di 'y I?;uslgﬁt ggl:{af r o%ﬂg&fnzgﬁ??tg%ﬁ%ﬁ i)('%a?rle articles
yet daelkso usefpbsines thep st boradilnisolabsl fovea readion mitcthee yeot have

f uncp o RRR K §R oV R BR ot ot ‘e el pport may

or ampFuektinBabgrofps dieh@k hgdrokyl, GirBéiydsalafile 8 i iBups, or
or streptavi,db:4 for the attachment of prinmers. The

pol ytfeadeciPterTich §s prdipensugpiaidan. fHribe piachnead ehpdmers.
the exte nﬁ@%%lpf%fégggéﬁcﬁﬁgﬂaggﬁﬁ%%% ﬁ%tﬂrigs%nbéof the extension .

carried out ol ynease NCor porate
deoxyrmercindat dedegnucdectide isTdAmpal gutnisinsaaelymbmeowhin will
Segueuase it 1s_known

Ver. 2.0 D U . Ho
ChatCH RSO SRErAon o 5 BIaBEGdicg 28 SeiTienise Ver. 2.0
er r QUSHEGKANG Hdkdvel %t Wkne R SRR S ﬁéﬂﬁ&é&éé&%@% 2 Broof-reading

growi ng strand which ‘can result 1n"a significan

| evelr egfor baeskippahititynwiicle emplogs digestion ofp @Pvinedtead evhich can

pol yeait & HEEERLEda TRl heerla R NeB A BRE b P glence. Thus,
noNGH heseRad esblinghisiRRhesT-réaditt SEIFicRRe MaytRhited 8r fluoride
ase can be added to the replication reaction. 25 The

r ead@Rt @1 nyclratidamapophesphetes whishomppmegs Beligastion b golymerase can
theﬂ% d\&g&ﬁﬁﬁqﬁ%ﬁ ioﬂrc{;}@@(?ﬁ.i on (PCR) are known in the
nple, U'S

art. ee, or e Pat ent Nos. 5,210, 015;

4, 683, 195Thdrdagant? Ghclnding Ghzybidd, whicBQflaylbdutildard in the polymerized
818, the relevant portions of which are

4, 889,
i nc d-'i By ispeip i Clorass kv indbggte Fee.fpesranyde U.S. Patent Nos.
5,210,015; 4,683,195; 4,683,202; 4,965,188; 4,800,159; and 4,889,818, the

relevant portions of which are incorporated by reference. Flowever, preferred
cyceling conditions for this reaction are gbout 1 to 30 cyeles, more preferably 5 to 20
cycles, and still more preferably 10 to 15 cycles, at alternating between
temperatures of about (1) 58 °C to about 95 ° C to (2) about 58 to about 95 ¢ C.

10
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bet ween tenperatures of about (1) 58 Cto about 95 C

to (2) about 58 to about 95 C. 10 WD 2004/ 090167

PCT/ 3cRRAAMRODOEIpreferdd tehpthRrdeiebipitdRiveat about 95°C about 58°
tenperature conbi nati ons be| ng about 95 C about 58  C,

aboufC, 3B, SSaSo@ﬂ@mzﬂ antatalbid G.aHoweyppwether corgbinations are
conbipatigig.are also swtabl e. Alarge variety of

m croorgani sire are involved in the contanination of 5

food, cosnelagsyariag bﬂmhcramﬁduhms afeigvdlived dsthe Rb@shination of

product s, intravengus sol ytions aggﬁt he |i ke, anpng
ot hefoRsh ApmRetical mpdisel Rupties and fldds, plond paedusts, fnireverous solutions,

tran S e o)
o irE R abd £ e eoh ot bUALAC 16 SHAE Mk hion of
The tahdpedss iebfich demmm thendetertiivn of aawaited ot mbntmﬁﬂ:taied
inbththed ec of vvanteﬂﬁ ntam nat.i n

i cr Wﬁgﬂfk’@ fi q,ﬁ: -oqhe metho lﬁ é’F‘?Sl"?ﬁt mvgntion can be utilized
Blt ?F?%bﬂﬁ%@&t@%ﬁ%f%ﬁ%ﬂteﬁ@%nm to?%ﬁﬂ’sﬂ%or unwanted

in the many steps required
pr epapathmoriting dhéreniginesttli fordsarfik. ﬁ?k@pﬂa@h&bdmcaﬂs wimwiilized in the

D e EER i orle RS EUES. A ARIERS snd PRuRUELR ctoow tamt

i ncl ueles havimOPmketddeirReéne. f rom any source in
purified or unpurified formincluding DNA 15 and RNA,

| ncI ud| ng Themmpleiqaorisieteted with fhertgeifiods of the invoRGem eanincluds

' n " %@ wﬁ t?%fb %@[@ﬂsn %Aé‘ﬁ Em‘%g%su@gw ﬁfzu re rﬁg{“dudmg DNA,

conp m@RmﬁL,lmmdmg t-RIA, GeRN3,, r-BINA maRoesdrisl s a6, RNA,
t he en ones _of bi %\Bg cal material such as
nai c FRlgraash W and %H&%Nﬁahméw@mmvw thsesef. The nucleie

VI ro

O e e 0053 Bl RS 1 0,

f r ac gmnwfofémiomcpll mﬂﬁ@uﬁkmheg Bu@hm@,snmm LoY=e) Q'&ﬁaiza? yeasis,
sanpl e and. ., be i n us bi oI

o S, e, Sl e Pgader gl s, b ke oo auclee

ol i g@&idy eherd aﬂy aﬁﬁin&?ﬁﬁcﬁﬁrl df g@&lpléx foitenfedudB 48 2 Baflogical

the invention can conprise in one enbodi nent a

synt ﬁmpi@ and @web@ PhiaineHdror yadondielogicalbmaistials by procedures well
cont n| N9, quence at its 3'-end that is capable

of h IZI ﬁg th a defined sequence of the target

pol ynu C | ecithectRigoiadla@ideypriradys atiligoind chepltidds pf ﬂﬁ&ﬁvennon can
has at | east 80% preferably 90% nore, prefer :
959 CHEBHsHindmeeaagdineo, synthetic nucleoude that is single stranded

containing a sequence at its 3-end that is capable of hybtidizing with a defined
sequence of the farget polynucleotide. Normally, an oligonucleotide primer has at
least 80%, preferably 90%, more preferably 95%, most preferably 100%,
complementarity to a defined sequence or pn'mer' binding site. The number of
nucleotides in the hybridizable saqucnbe of an oligonucléotide primer should be
such that ‘suiﬁgemy conditions used to hybridize the oligonucleotide primer will

prevent excessive random non-specific hybridization. The oligonucleotide primer

11
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commpl enentarity to a defnaed sequence or priner
bi nding site. The nunber of nucleotides in the

whydmiogliigabl e sequence of an ol i gonucl eoti de pPCTEG2004/000093

shoul d be 30 such that stringency conditions used to

hybr | of | rimer wJd, revent .

exc é’g% v@ ?Vg-ﬁ‘a%r%&ﬁ%ﬂ‘% g]% 4% ‘gﬁ?ﬂueﬁﬁe oatitlp%ﬁx@ge?lpgpynuc]eoude, that
ol i @ ruergld) frotheahpit 1o 200kubRoBAE L ASNHS hreferably from 20to 50
PCT/ SG2004/ 000093 generally wll be the Same as

def PRelgotidegdvirtstiof the target polyrntic) eotide, that

ength, oA PR b b SRR {8 i es and anstogs

| engidieafWRichekdb:domisifiReg bydRodedaAba5RE 8 Sre BEShized in a similar
i ncl udes derivatives and anal O%@bp 5 thereof, which are

ex eﬁ%ﬂonﬁ tpdbaynderyaizedaricipasids Aphatesy @ﬁa@tpé@mfgg@h
|
tri Bty BandlR0GY wh of BEsLG A3 AGRROYE SOMARE which are

an abm@mylam,d, m;neaﬁoﬁﬁbd;&ﬂlq&itammnamlmé xied arld 1&d Akluds,
bi oti nyl ate anmi ne nodi fied,

are i ch
al kyfl%saﬂ gro oAk FSSPUIRe 18 10 Bl dsgatives, aod i fke.
phosphor eqRipae poﬁme?&eg sﬁsgakﬁajle \%ngofﬁ% ﬁdygg? a catalyit,

derivatives, and € pol
as usiEdlyian mhﬁm,rﬁmfmmmg a::xmqwnsm ctf mt@lgméntwmﬂﬂﬂe}eoﬁde

oo SRt PaaR g Roh BB R sRoRRRTs SohsRigreas oy @mplare
NUCHGMnHE p@%hﬁﬁﬁ:bﬁ&@p&%%rak@m Biifres ﬂﬁﬂ@éﬁ%phosphams as

pol énucl eot'i pol ynerase and atilizes nucl eosi'd

t r i puiddips hlosks fg exmﬂm they3'sindoife nbhmuekpbﬁmtmovﬂe a sequence

- end \ u
cort pneRieB iy pASHEeR Bt B P A S
Us ugihdyyies] dveh Ga Tals @b@aﬁ@e&ﬁﬁi&ﬂﬁ@l& &rﬁﬁw@bﬁA polymerase (I,
pol ym er ases, for exanple rokaryoti c DNA pol ynmerase

(1, 1L &7 10); T4 DN/ pplymersss) | polymprasnKlseey t, Teverse
K
pofgﬁéa%chg%%%n gﬁ%iﬁ%&%@%gﬁ%ﬁ% @M@é TEAMNA polymersse,

pcl ymbihe.l&e, . and the |ike. 20 Tlae foll owi ng Exanple

illustrat e i.nventi e fi es and

sequence fﬁ%}t"ﬂﬁ 1@8 llqsga?eﬁﬂ%n‘é Iﬁ‘? figuges and the
fol Lé@«@méitﬁng%efaﬁe@w&rm@ﬁmBwagﬁm%su@m s anal yzi ng
products of a polynerase chain reaction using the

gyro | unifigst: sephscfisgrropprdoanalpimeprodueih ofie prlymerase

ot RlipRHAg ecmR e pn(S sttt b b & shows tho

shoygulte sillofsing 0b bR F IR -BHakEB sBhws %Itd—ﬂiﬂl@wlmg %C«IGS of
isolated froma mal ze sanpl ‘e cont ai ni ng 4% of th

; ped Panel Goshews results following 30 eyeles of PCR. Lane 1, DNA
izolated from a maize sample containing 4% of the GMO MONS10 maize; Lane 2,

149 basepair (bp) DNA. fragment positive control template; Lane 3, negative
confrol confaining dATP, but no template DNA and; Lane 4, negative control
containing no template DNA, and substituting the inactive dATF analog dATPaS
for dATP.
FIG. 2. Fluorescence measurenients of samples following PCR. Panel A,
10 cycles of PCR; Panel B, 20 cycles'of PR; Panel C, 30 cycles of PCR. Samples

12
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149 basepair (bp) DNA fragnment positive control
tenpl ate; Lane 3, negative control containing dATP,

whedo400016EMpl at e DNA and; Lane 4, negative conP€DBG2004/000093

contai ning no tenplate DNA, and substituting the
I nactive dATP anal og dATTaS 30 for dATP. R G 2.
FI (67 asiodlers: mefsur Bheniremaraizasaside congpining 4/g obtir GMO

P 10 gycl es. of 2CR. _Panel. B, ,20 oyal gs’ of PR
parionda; 3567 iR posiee &l S5A7T> M Sueiesstiwntol
PCT/ /000093 fol | ows: - - f i
canPRLesohear S Br RSB EE P, e

P L o
eh anrmiohs) Remtiybrusdtbio bBl SHIERGE nE Bl Boptaipins 5%
S. GG sl\ﬁiﬂn Resdgehe ibe r/&%%ystwhg thﬁﬂ)?ﬁdﬂ QMdm?moundup Ready
mat erj al contai ni_ng_5% Wi ransgenes for
r eSPERERAE Bﬂ‘fqag@w}%gﬁ kﬁaa?)%gg&fw%@ &maé% Revingthe reegye) and
SOYheAns: E%éb@@ﬂﬁﬁ%ﬁﬁﬁ%@ @@ﬂ%aﬁ?@%@ RE1 G Hae(mai ze

he bar gene) "and

havi ng t I nsect resistance <176
mai ze, LIiSEQ ID Nuail zeEwmt spAcis i BoadVG8 . orSEQrkding Ao Mee junciion

1- Event cific priner corresponding ta the .
e ar R S pRiar A S8 ol PL R ripopasts Jnfapied dpto GMO
of Wrbayghnapsgene inserted into UMO 10 MON810 con. SEQ

| D No

. 2 - Event specific primer MA corresponding to )
t he j unct8EEHID NegRerEwit speeifl B8y idtcorresprodiEgto the junction

i e A o

usegonmidebagt and/or 15 anplify known transgenes in
pl ants. EXAMPLE | Detection of the Event Specific
Tar get NPHQIR Nagi 3281 Bripasyspins phaichemaybe gpashipdetect and/or

g R e R AR By 1T om 5 oom A drich

Chem cal Conpany. Genorm c HDNAVMERES 1i sol ated fromthe

mai ze jnnpl.o usi.ng the Hi Pur e sanpl, )
pr epar Beteption GEFHEQ%WHS&S%WW%%@%@@@%E REMPEEL0 Maize
Corporation, of Indianapolis, W A pair of event

speci f i c Rgfrmpeessamystes: ofgnaizeepnizitiag dhe trarpaenia MO«cosy tine

oct ' = R g .
2 PR 2ttt Sutefel oy Benfif BIQER Queini TG g8 DA
anpiasfiyolaied 4o dRansize sfouslg weing ilef Higheire @ddQensple preparation
cor.respondi ?59 to the_region of the, . . .
kit available fom Roche Diaghostics Corporation of Indianapolis, IN. A pair of
event specific primers, MG3 : 5% apt afc oit cge aag ace cit cot ¢~ 3' (SEQ ID NO.

1) and MG4 5 gea tie aga gaa acg tgg cag taa c— 3' (8EQ ID NO. 2) were used to

g

amplify a 149 basepair fragment of the fransgene corresponding to the region of the
junetion of 358 promoter and HEP intron 1 of MONB10 maize.

PCR REACTION: PCR was performed using the PTC-100 thermal eyeler
(available fromn MT Research, Inc). The reaction was carried out in a total volume of
30 pl and contained 0.20uM of each of the primers MG3 and MG4, 0.25mM of each
of the four dNTPs (dATR, dCTP, dGTP, dTTP), 1.5mM MgCl,, 1.5 units of Taq
DNA polymerase and 1 pl (10ng-100ng) template genomic DNA. The Tag DNA

polymerase was from Qiagen.
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junction of 35S pronmoter and HSP introit | of MONS10
mai ze. PCR REAC |ON: PCR. was perforned using the

w@T409061 her mal cycler (avail able from M} ReBEHBGHN04/000093

Inc). The reaction was carried out in a total volune

of 30 | dcont i ned 0. 20M of ea e priners

MG3 and TRl AR OTptet ﬁéﬁaedﬁﬁ eps: a -
(dATR

el ana’fr%%fféfoaaé**ﬁ%l oR B aieRs Sl o‘f*a S

DNA indifhetidm et TNE, afdl seomndainentvadion kit 60HTaad aﬁLS sbBoﬁ&)ncubatxon at

é?ggﬂgﬁfm gq? gC}ET /glgs?égsotgllnlg ?093 0 32“3 égar%cégxllse\;/ere conducted in
denahid @é@@ﬁ mvecp{o i T dxnw 98 afid 3%%&@5 &gﬁécgwlgst eps

consi sting o second "1 ncubatio
second i nd‘mlﬁHIRE&CENCm)DEIE@ﬂ‘dOH @mﬁmmenmwbacmm out by

The BB TAERS, & CBRAE AR TS e R Qapgonposplite (PP roma

al | eerot Mt B3 W '
FL Ui copife frifoscis eg%ma%ﬁ?%?la uor. g%igigﬁ?e v gcE:qgrS yﬂﬂé‘éfm by means

out oy Ltpﬁmsct-unm&gsbbmé reagtions c Bl xpaetianiwigs chetietow in a buffer

e sREeRREs adbe Rt ARARER AP EDTA, i Rhseiitintontifey 0.1% bovine
synigbesh shEminaaiN didiothraktl; 0f4em 259 JolsiidyRp ﬁﬂolﬂﬁﬁeleOpg/ml

reacti on, The reacti.on was carried out in buffe

contaieierg 0 st M&&ﬂmaseemﬂa@wwﬁm-mmb@umﬁc and
ac eﬁ@hg %’Pgrf%rg.?@ bgi"ﬂfﬁcié 1&%@%@%%&1 All%lﬁzrylase were obtained

dithro
pol yikeinin § gmyx AimmdeimWniﬂanyl) UAiSjbsanple Of the PCR reaction

uni ts/rul ATP suaf ur den si ne
" Srdbis e g U O oy st Pl Heiscens deteotion buffer
bt A Riciaely bR BUGRSeAD Al el Ml il RuciSAings ot alken of
sa nﬂlﬁ@emndt-hﬁﬂrmfméaumm i85 \aredibor Flywmemetex éovailahla from Bio-
10 f fr ofluore ence d uf fer

nﬂé%gl g ]ée %'n@aég‘ 1}%«% tﬁ?ﬁgﬁvﬂ& e taken.

The readl mw&m taémrs &lific fdgdt EM0AG befondl DN ARDated from a
m nutes iz a VersaFl uor FI uoroneter (available from

Ei oTefiREace awlatvﬂwlé%qntmg@ %6 ofi the ME MONFEAQ mpize wagdetected and

t he T . i

genomrﬁﬂ%ﬁk§ i'solat ed Or%’{ol%%@@%&; F’}éar?%%%i % iagmvﬁg %ﬂ
contebicnapidfedt, ds hﬁm@/@z BI\G A4 baifineraseshed dh'iecﬂi@ﬂ a@ditbwn in Fig.
anplified by PCB, r@@} products of .the PCP,

analdy ZEd Wik GBEP cis Wers SEPBHRe PR &0 a&%"?g’rﬁéﬁ}ﬁ % TAE
F' 9: bul-‘fef‘ gipﬁ)/%%:f 51‘&%5?&5&@%% 198! %6]9&1&%&%@9%1‘&91@%}%1 New

products re separated on

ag arEnghargdhiolabs.) X TAE
A specific 149 hp DNA fragment of the transgene ingerted into MONES10

corn was amplified (data not shown) using the two event specific primers MG3
(SEQ ID NO:1) and MG4 (SEQ ID NO:2). The 149 bp fragment was gel purified
and used as the positive control template for the PCR data presented in Fig, 1. The

PCR amplification product of this fragment is shown in lanes 2 of panels A, B and
C of Fig, 1, Corresponding antofluorescence readings are presented in Fig, 2
(—u—=).
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buffer. (The gel also contained a 100-bp nol ecul ar
mar ker avail able from New 25 Engl and Bi ol abs.) A

W@ p@aiopi167 149 bp DNA fragnment of the'transgenePCTS€20€000093

into MONB10 corn was anplified (data not shown) using

the two eyent .specific _priners M3 (SEQ ID NO _1) -and

M4 ( SEQ Royrodygt of thegeriiophaging dpaire geaenyeDNA is presented
pur iy u : )Sig i e =EORL . :
fork{nﬁﬁﬁéc%ﬁgétf gg%%?éég%e i nut F:{gﬁ@ri %ﬁégaggt{%o?wamons
anphivingao iamplpteddNAtwat alshicarrfedag deteirhink $f thh praeende of JATP in
| a 2 of, panel s and, C of Fi ,. Correspaondi ng

nut BER TSR ey bk Bgad SReresransd inodiich 1p #iayy ectiph of

WO -’%Qﬁﬂﬁ&?ﬁ 73@%6@%%5@@ QP95 re-ékﬁ?rf) T Hffa.&«? b of panels
t he r'eaction having nmal ze genom c IS presented in =
Land, B apfl G-pfFigl 1 and thenlicrescent-chycasarementy dfitlle cresponding panels

Negat L.ve ntLrol r.eaction havi ng no .tenpl a DNA

e LR S MR TET
in .

1 TS Rl SN T KT 6806 of

TheD-28 sairathef thanidA T aeeidone tr evabatashe backaraumd Micodscence

panel A, B and,.C L d the fluorescence
rreggl‘ﬁ%lgRﬁdrﬁugeggyﬁ?eﬂgpg@ﬁkﬁwa%%eI s A BandC

of Fi gur eTHas rebulfs demohsEREMNE tReARbMY Rkt 18Ve] Rl Jor the initial
no tenplate DNA, and including the inactive dATP

anal-opcandrefshareagtion, hay it seeshveBy stebilizenbaween 30 swondg and 2

{1 a8 brORRE n AERIE Rl BTG LR H M enco

r eantasnsnenfnear esmefds denonstrate that the

Soconds ok 0o I Fesmen th dHect i orShe gk 87 s g positive
betweed1 gthrnePEO E%é Z?Qﬁar%en ﬁcﬁéﬁt tﬁ@'(ﬁ)}@ afrON B Rescence level much

wor kabl e "wi ndow during whi reli abl e autof | uorescence
me ddghartben tveaepabise pemienls WSving ad S:nipdatDRNAr Mpreover) the two

detect abl e on.the se for the positive

corftEs paes Riara 55t IE Fee S hals GpirEL bk pert o

an AubOidreRkass @ﬁﬁ%sﬁ@!ﬂat 1 Ghrrydiied BEAATE Fbok WR PCR reaction does
Negati ve control s having no tenpl ate DNTA- Moreover,

t henatgeriopsdy;incrapge ewaflneretcense backammpd.afle uspaitA R oS in the

hav, X :10] evel. aut.of >
cugERS R B e R L MY 1 ACKERR N escps aiined.
r eadhitfnsaans coR@inigd thsethauR! PNKNESe antze material comprising 4% of
aut of | yorescence background. The use of JATPaS in the

[

r edlOFCOMCHHEING, e pseidine e ibpyTagreat emplided Y igersMG3 and
a“tﬁdﬁoﬁpéﬁéﬁﬁg@s} g’éié&ﬁﬁl& diter 30 d3fes HREPRE Bi&ﬁ%%hﬂ%}gls of

t he geno om nmal zée mat érial conpri si
antofluorescence, in conirast, are detectable after only 10 cycles of PCR. This result

suggests that better sensitivities will be obtained by carrying out PCR for multiple
cycles as one would do for quantitative PCR, than by carrying out fewer cycles as
one would do for qualitative PCR.

The present results demonstrate that detection of pyrophosphate levels by
Luciferin autofluorescence in a sample following a PCR, reaction can be used to
detect the presence of the transgenes of GMOs. In this method, the carryover of a
emall amount of dATP from the PCR. reaction does not create background Jevels of
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waledeotEbt e after 30 cycles of P

the GVO MONS 10, the specific 149 bp fragnment

anplified by priners MC3 and M4 only becones

., Backgr ound' P¢EY€20©4/000093
of 25 autofl uorescence, in contrast, are det ect abl e

aft I onI of. P Th|s StS

t ha u?fgf @gﬁé&?{? AR evacFPn H%F% Iﬁylrﬁﬁéluolem
out adRCBF f@rtrail ctﬂcnh@ussmgqaea@done vvoul d do for
quantitative PCR than by carrying out fewer cycles as

one would do for qualitative PCR The present results

denonstrate that detection @W @thsphat e |levels by
30 Luciferin autofluorescen na sanple follow ng a

P. reacti manmmeﬁal mﬁded ﬁomgmmmﬁeh Dheseiat @oﬁlﬁnahiﬂamtammg
trans enes of hi s _net Od t he carriover of

SR Resty am’cmamr: &% BhE7malzess S04 Birld sedzalsve been

T Ty .

det gsisianne mdnlhabﬁdermmena:hcm&mtsl‘te csnmmrémbpmmdh&e @sing the
aC|d f the tra ne that is be et ect ed.
PRgihod ﬁg?serxi: DREIpIEd- eSS %ﬁg thesgy F‘P%FP%@% a@ahzﬁcamn
0,
176 lze gﬁgyﬁg?te%fﬁ;!ggzzeulﬁlgve@g%cawgﬁg yz edp/%JE used in the
t heagsaysseagivenfin f[‘ableslrieabmm Thameadtgdilesewp tnrimgrrts) dérdensirate the

the ins h ci de resj.stance t

t o BB PRI o HetnBBoR L e Prreoe BB ERGE el psfeation
i n ExapEicty &f dfﬂ%?erﬁ %g'éttn%cléfc dcESRuERIcRGh h@ﬂnﬁ!&‘i‘o be analyzed
anplification 10 experinents are presented in 3.

Thefos smallmoesingf ol thesegrtgebteqpences. used in the assays

are given in Table 1 bel ow %ﬁ ults of these
experinments denonstrate the applicability of

the meishpds of the pe@s@pt application to the
identification of a variety of different target

nucl eizesaG/ILIsequengegt gﬁgz&@tﬂ%'e@a&@ 488 i ahal WEedri . 3

smal | anmounts of theegg &&:ﬁ@h@%ﬂ fec i TABBEDINO. 4
Primer Sequence P3 551-5/2-3 ‘gat gig ata tct

cca ctg acg t 3" SEQ ED NO. 3 5 ect dtc caa atg aaa
tga ACEStEa/4 3’ SEQ dchapiNd daa 8328z ¢ds 3/ 4 5 SBCHLOND. 5

ctt caa agc aag tggs&ccaﬁ@a N%aagawmesa'et SERID HeX 6
gaa atg aa.c ttc ¢ 3" SEQID 6 P35S 1-57nos-3 5'

att gat gtg ata tct cea ctg acgt 3' SEQ E NO 7
P3581-5"nos-3 5' ait gat gtg ata tet ceactgacg €3 SEQIDNOQ. 7

5' tta oo tag ttt peg cgo ta 3 SEQ ID NO. &

Mg 1/2 5'tat efc cac tgacgt aag geatgacd SEQIDNO. 9
5'tpecctataacaccaacatgt gettd' SEQIDNO.10

Mg 3/4 5' agt ate ott cge aag ace cti cet ¢ 3' SEQIDNO. 1
5' gea fte aga gaa scgiggcagtaac 3' SEQIDNO.2

Cd01/crO2 5 cggatg gie ctt atg caa tit tgtc 3 SEQ I NO. 11
5' cteotog geg tag att tgg tac a 3 SEQ ID NO. 12
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5 tta toe tag ttt gcg cgc to 3' SEQID NO. 8 20 My
1/2 5 tat O, cac tga cgt aag gga tga c 3' SEQID

WORN09/09@67 t go cot ata aca cca aca tgt get t 3' PCGESGL004/000093

10

NO 10 My 3/4 5 apt ato ott cgc aag ace ctt cot o 3

SEQ ER 15 gca gaa acg tgg cag taa c 3
SEQ I D NG. 2 Cd.d/c?%@eg&é‘cgg atg gte ctt atg caa ttt

tgt O ADTNC 0 U

a3 SEERE O 12 ##ﬁ@é@;ﬁ ol T sEy 0. 13
PCT/ SG2004/ 000093 PT IS8 €68 Bl Tr 02 5 SFEQIDNO. 12
tte ftc act cog atg cag cot a 3 SEQID NO 13 5 etc

tog 9%3(1%95’%58?—99 E'Qgggcaeﬁca§gt90a%%c adf, TYArmNo. 14

t 35S3 tgg aca Q aca fea a 3, SE

% ig 5'Crt|gg Ztg;g@%ﬁ%ﬁﬁ%&agﬁﬁgﬁ agaﬁﬂgs 3' t Bo. 15
. yl a4- - gga caa caa cca caa ca

oaa CF@la@-EQBL@ NO. §’%§%ég %ch 98 S99ad 95 aaC Q8% B wo. 16

oo (D0 o Sl Gl 2o S 1

cat caa ¢ 3' SEQ 11

gca g 3" SEQIDNO 18 5 Cylall2 5 egg ccc op & cac

g'tts?é'(Q'_‘. D@—I\%@-fg'oo- 19 hc&é&a%gc%&té&gl%g’t? f:t 958 ¥ NO. 16
\ g

tgc gat a 3' SEQID .G&E%acng‘g%gg%%gsgeg tag gﬁqﬁggo'm

tae a 3 SEQ TD NO 12 Crd/paG 5 chc tac aaa tgo

cat cdkylag@ gat a g's'SEQchQ: z@cc&'B‘ aga/_tea }%@%ﬁm. 19
cac tct tgt ggt g 3'53Et # t@!ﬂ | aar | -0 §yNo,
cac tao aaa tgc cat cat tggggatg agsg EQ I D NO 21Q5' 0-20

gat ago got ccc gca gac 3' SEQ ID NO 23 AcBii

| - 5' / MoEdl/&02 Sea ct ¢5'@aatactabgigegat eat ¢go gat 3’3" SEQ 9EQ IDNO. 21
NO 24 10 ter2-3' S 5'eidtckate taplanabt tdoleCa't al COGEY 1D NO. 12
SECS I D NO. 25 Bari-571-3" 5" cat cgt caa cca eta cat

cp ga 3' SEQID NO 26 5" gat ago got ccc gca gac 3'

SEQ | BuNQ/pa®? Bar 2- B tRe Bic 284 tgaaht gydeeetat adac gSEQADAI0, 21
ca 3" SEQ ID NO. 28 B'agasaa teCdcaagict 88 eppgicag dBO3ID NQ. 22
SEQ ED NO. 29

Cm01/barl-5' 5'cac tac aaa tge cat cat tge gat a 3 SEQIDNO. 21
5' gal age get coo gea gac 3' SEQ ID NQ, 23
Adhl 1-5Y/nos- 5" gea, ofg aat tig tga acc ¢ 3 SEQ ID NQ, 24
ter2-3 5' ota tat ttt git tie tat cpe 3 SEQ ID NO. 25
Bar3-571-3' 5' cat cgt caa cca cfa cat oga ga 3' SEQIDNQ. 26
5' gat age got coo goa gac 3' SEQ ID NO. 27
Bar2-5/2-3" 5' act ggg ofc cac get ¢taca 3' SEQID NO. 28
5' aaa coc acg tea tge cag tie 3' SEQID NO. 29
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15 17 WD 2004/ 090167 PCT/ SG004/ 000093 CLAIMS 1. A
nmet hod of identifying the presence of a target nucleic

wa@edod/odaien sanple wherein the target nucl ei c BCI/SG2094/000093

replicated and said replication of the target is 5
detected as the consunption o gxynucl eoti de
tti phosphate precursor, the conpr ing: adding
an ol i gonucl eotide primer which hybridizes to the
nPI e target nucleic acid to the sanple; subjecting
he eihed efidentifyingrthe prosenselof adargstenucteic béidin keample

S AR BEERG b A e

t hed e ey nunt 8sHsERTEoNOF b dBSSRNBleh
rel ease pyrophossphatg (PPi) @}%%rogoﬁwﬁbﬁlﬁ%ﬁ@%sor’memﬁmd

Ierfﬁ?mprt?ﬁnﬁ'he DNA ext ensi on product; and detecting any

ppi 1o 1 A GO R ke VBRE B0 BBl RS Sonla praet mcteic

or acicﬁtoothdmyleucl eoti de and the presence of the
t ar get A nethod as in, claim1, wherein the

t ar get rﬁ}@t @é‘ti%g thecrenplesDNAptmcepriraer tor polymeraes feeption in the
sel.polad. Bf'(P tﬂl%c&raﬁ‘tﬂwff@%éqjﬁfeﬁ% ﬁ‘cz‘%@g It%eet%.&sagyuclem acid

ext’ensi on reaction
a | Wipasiey thb deoymaslebiiden thIIlCB@):oma utdmk‘ﬂadtﬁl@d @hd ed1€asd Gyrophosphate

o SBBOTHpRTHPEL i B I oF O DY RSO grodcicion as.
| n cl ai ngefag %g@ﬁﬂﬁﬁﬁgﬁgﬁ%&ﬁ@.l cated in a

pol ymerise ¢ thod as cl ai ned
i n cl ai mvhsrelthiryaklvaschel BR lishslatiie PPincopoddioactiddotynucleotide or

oo e dra o Gestes ofelpmdbeBNebpy 1 o cnse i &

detected using ATP 30 sul furylase and |uciferase. 6.
A nmethod as clainmed in claim1, wherein the PPi
detZct | of Iaibgfhassin gladm 1) shersin tedppsbneteic acid is teplicated in a

PCTL @A 008 8% the group consisting of a polymerase sxtension reaction, a
polymerase chain reaction(PCR), a ligase chain reaction (LCR), a rolling circle
replication reaction (RCR) and a nueleic acid sequence based amplification reaction
(NASEA).

3. A method as in ¢laim 2 wherein the target is replicated in a polymerase chain
reaction.
4, A tethod ag claimed in claim 1, wherein the release of PPi is detected by

means of a Luciferase-Tuciferin-based reaction.

5. A. method as claimed in claim 1, wherein PPi release is detected using ATP
sulfinrylase and luciferase.

6. A method as claimed in claim 1, wherein the PPi detection enzymes are
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included in the pol ynerase reaction step and the
pol ynerase reaction and PPi rel ease detection steps

wae@4penbor med substantial ly sinultaneously. 7PCHSG2004/000093

method as clained in claim1, further conprising

addi ng a dATP anal ogue 5 which is capable of acting

as eludgd dn il moljmerase ratijorestesend thapolynzapehbatioh and PPi release
acting.as a substrate for, a,?Pi ,detectign enzyne. 8.

A P s e PR Rl iRt dATP

anal ogue is deoxyadenosi ne al pha. thiotriphosphate 10

9. Anethod as clained in claiml1l, wherein the sanple

DNA or & ingbwdassbrimediin clpim hefirths domprisidy sldihga dATP analogue

DO TTE et SF e A sPrr SfEioR rolvieersd: PRLRCEPRRS of sctng as a
exgihsehRasea Bt Hekahtn elgkg[ﬂe_fi delity 15 polyrnerase is

used. 11. A nethod as in claim1l Wherein a heat
resi stant polyner-ase is used. 12. A nethod as cl ai ned

251" A et Hetabd i OB SopaPn e AP By s,

mudloxphdetiokine QAlpBa MEbe; hageqguences, wherein said
DNA sequences are arranged in assay format on a solid
surface, 25 14. The nethod according to claim1l

wher ei n ' | e i g I: ' [.OM; .
5 o A Ledtl s ALy o
wheriteenisseinbti Az aglatr prosdtled with mceins Sratiagtetial kah solid support.

viral nucleic acid. 30 16 The nethod accordng to claim
15 wherein said target nucleic acid target is a viral

nugd.ei CAﬁﬁéﬂodJ&?cﬁﬁl&pﬁ%m%e?%/ﬁ%%ﬁ%gggﬁcé%m& fidelity

The nethod_ according to claim| wherein sali
achalymaragt s wssdobwaod from a food source. 5 18. The
nmet hod according tip claim 17 wherein said food source
is a plant. 19. The nethod according to claiml

WhET. ei nAsabilod 3k §eélaidll € kel § hekatGeRbiahitmlAneraiitk tked.
acid sequ ce non-native to the sanple.

12, A method as clajmed in claim 1, wherein the sample DNA is first amplified.

13, Amethod as claimed in claim 1, for use with a multiphicity of sample TIHNA
sequences, wherein said DNA sequences are arranged in assay format on a solid

surface,

14.  The method according to claim 1 wherein said nucleie acid sample is obtained

from a biological sample.

15.  Themethod according to clatim 1 wherein said target nucleic acid is a microbial

or viral nucleic acid.

16,  The method according to claim 15 wherein said target nucleic acid target is a

viral nucleic acid.
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10 20. A kit for use in a nethod as defined in claim
1, conprising: a polynerase; detection enzynme neans

wo ooo4foiant i fying PPi rel ease; d] TP s, or optiPCESG3004/000093

deoxy iucl eoti de anal ogues, optionally including, in
pl ace of dATP, a dATP anal ogue which is capabl e of
acting as a subst~ate for a 15 pol yni erase but

| nqgpablFhethetBod bft@rdifig & SRS 1| Fiefeih @4id RusRichcid sample is obtained
PPi - det ecti on enzyne; and optionally a target

spauit g Eogst owsee. whi ch. | aybridi zes to the target DNA
and is recognized as a prinmer by a pol ynerase,
wherein the polynerase replicates the target D ANA

20181. AHeirthetB6d GécdrdBE td Elatd 27 Whéfin ¥R FRID0URR is a plant,
detecti on enzyme means conprise a. '
Luoi ferase-Lucif'erin-b,ed enzymatic reaction.. 22. A

502 HRRE ) MSHE 0 545 40 Yo

20nucleic acid sequence non-native to the sample.

20.  AXkit for nse in a method as defined in claim 1, comprising:

a polymerase;

detection enzyme means for identifying PPi release;

dNTR*s, or optionally deoxynucleotide analognes, optionally including, in
place of dATP, a dATP analogue which is capable of acting as a substrate for a
polymerase but incapable of acting as a substrate for 2 said PPi-detection enzyme; and

optionally a target specific primer which hybridizes to the target DINA and is
recognized as a primer by a polymerase, wherein the polymerase replicates the target
DNA.

21.  AXit ag claimed in claim 20, wherein the detection enzyme means comprise a

Luciferase-Luciferin-hased enzymatic reaction.

22, A kit as claimed in clair 21, wherein the detection enzyme means cormprise
ATP sulfurylase and luciferaze.
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