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present invention is directed to nmethods for the
detection and/or quantification of a nucleic acid in
a sanple. Marc specifically, the invention.:s-
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DNA. followed by polymerase chain reactlon to amplify specific DNA fragments,
Nucleic acid amplification methods, such as polymerase chain weaction (PCR),
ligase chein reaction (LCR), nucleic acid sequence based amplification QNASEA) -
and related tochniques have become a central techmology in genetic enginesring and
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s for the detection of PCR anplified
have been devel oped. One of the key advantages of real

grre PCRis the ability to include all necessary
c FRoBHBE catiea mefheds ingshetld dagdostcninadditiario oethods ingesearch

on system While several schemes have
_been pu%%&é‘f or detecting specific nucleic acids
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ﬁ%{%‘i to carry out the 20 process. U S. Patent No.
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(alsp . refeaed to as _the ' Taq Mau" approach) where the
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, gimimigatonnd aossaoniingtion) fon seample, due to

P AR ARGy 58 NSl RN S SRR i g e

gresxnt During anplification, the probe is digested by
the nucl ease act|V|ty of . a pol yneri se when hybri di zed

to the t%lpéﬁftnt%h deHOD bpisumile @@ﬁq@@tﬁﬂmg@rﬂmﬁm&m&-

,t“er Hb cau3|né iuorescence'

b BCR! Sudp pomroactivs Wi Sitidh QAR 6dRE
%ﬁ&i nﬁcl €] c})aq d. hgbrl glgé%tmlhon probe a saﬁs they
1k %16}&%?&%% %o?éé@gﬂc&&ueﬁéher waflrs \(ul8o referred to as
the "Tag-Man" approach) where the probe is cleaved during amplification to
‘release a fluorescent moleoule whose concentration is proportional {o the amount of
double-stranded DNA present. During amplification, the probe is digested by the
miclease activity of a polymerase when hybridized {o the target sequence to canse
the fluorescent moleculs fo be separated from the quencher molecule, thereby
causing ﬂuorwcence from the reporter molecnle to appear.
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Patent No. 5,925,517, which utilizes | abel ed

woza[lﬂogmmcl eotide probes, which we have conme g@Eydhefooooss
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940921 (Klenton at 2319 Hybri di zgltl’l on” pr ot ecth%;]

ghez anasksan mﬂ@mﬁb@aﬁh@ Igitpin Jospt canglier the

Sﬁéﬁa‘ﬁ%ce B it 5 ol oPomoltohl AR G chmien

aimptradii@atordhrough istgichinbasecent [ y | abel ed

ol i genycl eoti de _probes and det ect or - pr.obe extension
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l %mm aw&d B Rboritll. WaSPubale! 5,593,367 Qdshed {6 Walker, ot

|ssue oner dlscloses a honogenéeous

c wizatioy detsictign afhu@biu aisbonplifgation
159693 d -
ki @%Pﬂ&ﬁﬂgb?lﬁﬁt ) '\?%%@emeé.aa aEfechramubhaxesion
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S ce.at each_has 0 ed., The nucI
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utilizing induced Juminescence as in U.8. Patent No.6,251,581, lssued to Ullman ot
al. U.S. Patent No, 5,017,473 issued to Wagner discloses a homogeneons
chemilumineseence immunoassay using a light sbsorbing material.

U.S. Patent No. 6,159,603 discloses methods for detecting specific nucleic
acid sequences wherein DNA.or RNA probes are hybridized to target nucleic acid
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reaction catal yzed by various polyxnerases to produce

WO 2009993471 bonucl eosi de triphosphates or ri bonBETSEIPHLH00093

tri phosphates. dNTPs are transforned to ATP by 5 the
action of NDPL The ATP produced by these reactions is

desrrehesh. (Brobéd il £ ss@pRinctibiyidasskpdeiREbh@ at cach base are
systerrB Met hods for Zﬂauenm ng a target ‘nucleic acid

idgtectipn pysieras utilizapthe pyromhesphorolysis

d#gsgg &% een s C y@%ﬁ%@ﬂﬁ@%‘{? ?’%&&8 Wﬁ%g S ed

t triphospintet ortibordickeokids egptasphaies tANTPE ok teekfirmicdito BTP by
a nucleotlde sequence whi ch conprlses a_met haod wherein

diberasten a@alz% ddp Lokl moduend by thsepapaniiensds degsted by

ut.clﬂ]%fas AT g!ﬂ ot s of a
t enpl at e- prl ner m&i%te or P Sdded successively to

the saﬂﬁemmdsmﬂseqmdmghﬂﬁ@ennﬁdlﬁclamjpdméﬁnymeﬁ;e@mud

t| cul se i.s determned hy . detecting the PPj
el f’ﬁ’ﬁ Sfﬁw mrﬁ émsmsm@wombave also

ne%hi?ﬁ?@‘ﬁe%i?&f RS, PR Fliged NGRS, Miiodes s

dinttheddor ddteominingbd rotleatids mqmmcd eﬁngh ComprEsts meﬂmdswherein

N —

ﬂfc{uoﬁs%f&:gi Srh{)b%%&%&éde% thy
parti cul ar bdse i's determ' ned by etecting tﬁg esame

rivixdurcerhd whereln the dpooniratipn e partionlan bage s dbtchnuiddéxy

_ miﬁa cle tiﬁeeégge&%%%%ﬁt@meﬁﬁsﬁﬁg

P68 NredRe Al | disttd08 ﬁiﬁ?ﬁf&%ﬁ%&uﬁﬁﬂgﬁ%ﬁhﬁe ce
poI yrrerl se reaction tha? can be used to detect thesequcn

dedary muglesdidos ere cifhex addd. to

&ée%%g i det t;ed ﬁ% g the %I i cat Iﬁni of a %ig%t the

%&mﬁﬁﬁﬁévﬁﬁﬁhlﬁﬁ: ﬂ&&@@fﬂﬁ@ﬁ offa pRrli@ilficbasB e Adtbanel by

in a sanple and kits for carrying out nethods. The

eting thy FP3 mgleased in dolsequencing reactinavand whishfithexmploys a

redet
ul%z%g&eztarget nucl S&’f“ﬂam d in th‘?’%@%ﬁ"ﬂgﬁ%’%u e

t nphhom&gj:&mtmuﬁm Proffles hikdodifieatiol € PRI detection during &
he consurrptl on of nucleotide trl|phgsphate

geackionshat eaebe wepdde detrot the masmcgof prefingd gequence in

SErE, ?ﬁ%%%ﬁéiﬁ?%ﬁé e T T

_ r,-g;li@‘ased PPi - enzymatically converted to ATP in the

presence of APS and ATP sul furyl ase. The

SUMMARY O¥ THE INVENTION
Disclosed are methods for the detection of a target nucleic acid in a
sample and kits for carrying out methods. The method may comprise replicating
a new nucleic acid using the target nucleic acid in the sample as
template and detooting the consumption of mclestide triphosphate precursors as
tho template is roplicated. ‘The consumption of nucleotide triphosphate procursars



ATP is then reacted with Luciferin in the presence of
oxygen to generate light in the formof |um nesence.
Thus, the subject matter disclosed are nethods of
detecting the presence, absence, or quantity of a
target nucleic acid in a sanple by replicating a
target nucleic acid to the sanple and detecting the
anmount of PPi generated during the replication
process. The replication process can be a linear or a
- isldeigeted bl celease pf PRidtano theprioleetide triphosphagie pfeenrsercthat is

enbodi nent, the repli.cation involves a . |logarithmc
3Pl Pl e e BRI Akt G et T e e PP
eI HIAE 04 coherfedfth ASIP intR@Fieserich OF APSSnAAMP &@fhirdase. The

net hod of identifying the presence of a transgene of

AP dnthen reastadyvitipbmeifeziy is thypresance af exyesnie sengrde ight in

thg@&n{‘é}ﬂ Riifeseidel d of the transgene is replicated and
etected as the rel ease of pyrophosphate (PPi), the

met HBltbscthepobjsctingatter dddlosgd are méthgdnefdetmting éhepreseace,

to the sanp] e ich hybridi,zes to the transgene;
atsgiieo g G AGRIHRS e WSl PRS0 B ol by i RARE S Fsest
midiyy AEld &sthe kabpleiafd deechit}ethp GRDEACS PPi gondihtsd difn®the

deoxynucl eoti des require for replication of  the
replication drecah dhe BeplicAOR BEEOIHFEN &8 linsar gfralogarithmic

re} Héﬁfoﬁ%@etﬁﬂ In %R&fér?édeéﬁﬁod?ﬁ%ntp g%gt@éﬁdgﬁg‘ﬁhlgﬁgﬁzeé he

ength o extension pro tecting
logmyt%méct el isatidn @R amplicaten)cdthetargehexeénver el ease of
PPi J ndicates.the .presgnge of,the.tra ene. The
ot o HuS B e i BRRGR0 & afethid 3p e RIRE Bie présence of
a Bhhglefe P8 gehéticallgmmddified dkgAiism il a kithpleariRkdif Md Ritleic
t he_nucl ei ¢ add tenPI ate strand i s a sense or

acithof the hapsgene wiarlyrtedandefasted asthe releaps elqumephagphate
ot i 4OOLG . : g
(PR Rod colfp it @ A L) bonuPlepliR; pliher to the sample
whichaybddiabs totthe trankgeng; subjrectitgethe samople necledmatid and primer
synthesi zed on t.he tenplate.strand is.anplifi .
to RV ERERES Repfipr e GGt R Mo pRaci pcloqs required
fodl rgticai@mtoiae Ghfsgenewherb@itke d@dx&n@g@dt)tidetb @Ad indBrporated
mi Xt ures_conpri si ol ymer ase; detection enzyme
' aqdoqefegsq rSBW@J@Q%g; %Eﬁ‘p‘l%@ itthe PNA gxfgnsion product%l ané
ASETREM ARk B B By Rk IRE wir AR NI PR ififcptes the
prag&TiPe ahthicduegenki ch is capable of acting as a
substrate, for 0 rase but incapab of agcting as
" SHHisSip R s drsBlod i Rgem e rn RO Ao phedtc Lng
alg%l_iﬁ@ﬁ@hl I thistappB&itiodp@Riducleic &dd @APUEE SRANTIE aRehsEsT
hi ch hybrlgl zes, to a target DNA and facilitates .
antiseRsestipad obpneRlleiandis presspt wrpdsixtupe heraligonucleotide
prh8US ofirplimentary to the specific allele to be amplified. As a result the

desired nucleic acid strand synthesized on the template strand is amplified

preferentially over any other nucleic acid.
Also disclosed herein are nucleic acid amplification mixtures comprising a

polymerase; detection enzymes for



In a second aspect, there is provided a kit for
detecting the presence of a transgene of a
genetically nodified organismin-a sanple as defined
inthe first aspect, conprising: a polynerase; an *
enzyme detection nmeans for identifying PPi rel ease;
deoxynucl eoti des, or optionally deoxynucl eoti de

anal ogues, optionally including, in place of dATP, a
. dATP. anal ogue mhicr i s capabl e of acting as

depyineECRIosPhRt TSI SpHe daRynpleotidre e phanadly drexymgloqtide
a&l@éﬁ@ﬁ??%&ll&%cl@iﬁg lin plAgt SR?A“?P ae(ﬂ@’?'ﬁﬁmv%?%% which is

optionally a’“transgéne specific priner

cappbleiofipgting as@ substeate famgydymerapbut dndpibie rfadipgiased as
sbsfie: T 4 PR oiBh 305 I AEE iy aRFGEIReRRE 1 ¢ s

olﬁgnnlupl%epiﬁdfr primey whi::h ﬁiybﬁdi(zégllt_ormfgﬁcBNm and facilit%tes
ification or. for ecting the presence absence or
pdliBrit FibredraRlien b Ibe fred Sedneiaipl o The ki to may
CONPil SfRcendapedt, thefe BYPRGAUED A Qit FOEIRICHAR R RBLNEESE a
buffers, and/or any of the other reagents useful for

trggisgens Qfiarggneticallyimodivedercanisnnip asample aside§oed i thofirsie

Pitting . LA _ _
P RIBRE s ottt 8 eh At A Ron iRk S Tpideliting PP
rekpapd; idedxgamicleotidesa or optienaily deexymickotds analbgugsaoptidnally
. In.a third a t [ rovided a net hqd of

ingfleie oo PRERR oA TF abfoBiubich s fapeblsaitargee as o
subkig:ee fR1A polyBeRadBhttntdpableFHacERD bPd Bubtatedof o 2P1-d

fromthe genetically nodified organi smwherein the

deferboBieazyRs gropiRaly alaeRee specilicapimeraviagh Aybridizes to
the &LR&IRR I@ﬁAraglléﬁ??&ogfrl]jzoﬁY %%%Eﬁ%@gg}% IS Bgfﬂl‘f‘ergg%t Rbrein hg q

conpri si ng: i Ng priner selec
pdlymaraSEQplicateidBe transgenRODNA.t he sanpl e; subj ecti ng

th | tjon: .and,.detecti th
or <G BIobRte Rty KPR s s SRR cot o0
arhpléfiqaties enfoe defecting thepeeRAe: Abdeidicor afityef adrch acid in

200 /%%OL({? PCT/ SG2004/ 000093 OBTAI Tl ED DESCRI PTI ON

a %‘311#? e: RIA2Y CRIPERE & ﬁ%“tﬁ’@tfwt%mng Hée Pr BeERNZYIICS,

buTRR, hd@bt 4y TR HBetRESrOuRAR i a&i&rggefhg'aﬁié}dgéd DINA.
When used to anplify , the nuclerc acid polynerase

methods -m_olilggnwta%eecanﬁtrmifmﬁmbﬂizbd @s oa riuncf)ieic!u'ah dai\rl\;)qroa
o BRREROAR solid WlERE, AR AbVAG I e s oRRidl SRR be

pro¢dsgmlinphediel. de  used. Exponential anplification is

obt gi ne en a _second ql i gonucl eotide i.s present
hatl® iaﬁE‘n%@P%tn@ﬁ{fealFW‘?Vdd% methoget dgigeting a trapgene of a

gehkfi@il-mddBed bigilsth i #%mple that may contain nucleic acid from the
genetically modified organism wherein the nucleic acid of the transgene is
replicated and detected as release of pyrophosphate, the method comprising:
adding an oligonucleotide primer selected from SEQ ID NOS. 1 to 29 to the
sample; subjecting the sample to a polymerase reaction; and detecting the release
of PPi; wherein the release of PPi indicates the presence of a transgene in the
sample.
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the region that is targeted for anplification. RNA

wozo&f)&boi)@; reverse transcribed into c¢,DNA and t

replicated in a linear or logarit hmi ¢ fash|'6"lr::T"E%°éW°°0093
RNA is the 10 initial tenplate, reverse transcriptase

is the init for
enzymat | C nﬁgﬁﬁ%ﬁﬁﬁi%ﬁﬂﬁ%mm
been debied methdd afthe @ﬂﬁﬁﬁéﬁ%&ﬂ%&%ﬁmbﬁfy%wRNAor '
‘é %arl nts. T ese i ncl ude, for "exa

oA 9 5l Doy i ekt polummtrasris a DNA

2% gé%g%enet %ﬁgﬁ |)ence Cha%ggﬁ%@%)whﬁcmmm

fobﬂamadwhemnetarge
Gﬁ%ﬁ%nl?%?? L LENE (_19 8)) and ot hefbmﬁ%?ﬁ%g?mé&ﬁde‘m‘h
tnnbidnedkwhen & second ioligomsleptide is

pwwha?é&g% &Eom n%&?cwﬁﬁﬂéﬁ%eﬁgm flank

oitkat dutargged fempiplificatien CRMRém YeGe0bt8e B8hskrbed into
m@é 20 PN C r1 b . determ ned by many different .
&é'h%/lﬁmt Bd Vhan BNdeisthe

i%?gilu Bi ochem 28"‘&%%&]%%’5;ﬁ %Xﬁﬁwg%&bﬁlﬁ

pretodaforsazymatia anclmcmimmlmamh,m tiARve bR Heveloped and

Bi ocl%garﬁag%%éﬁ%c Cook et al . (,1978)meAnaI Bi ocggglnple,
Qﬁbliréﬁra?ngﬁmnh-éaduon%Qaiﬁf 93‘ a?ﬁr | na?§§tf'qd§3§)h RfSse

to use |lucifezase-and | ueifédn |n co I on

i dhin repptiondandpgrapet 234 pSdamh A4/ HI73- RO (983)), roligndircle

A Bl e L ol BRI B

|memoﬁ§§§kmwﬁgpg{etdrgnal to the anount of base _
i ncorporated A method for con uous nonitoring of P21

r el easEyBEnetentecdadentipmis a terhnisut bhsedydnabe detedtioB6f the

(RfearE O e oA 1P G R B e ot ope ducing

I‘ﬁmhtﬁﬁyﬁmdaﬁmﬂgiﬁamiﬁqgnﬁgﬁgpl e bythe use ofa 6 WO
2004/ 090167 PCT/ SG2004/ 000093 npre thernostabl e

| uci f eFBheandbrideermined by oy ifferent metbods and anumber of

EEABS SR IROE RER] eslied B8 Tudtbles (e & W TBoG0),

;';J‘?Sstgnét:ﬁil Igg?érzgig-gfg | i)nal tlo é‘ Igg;?qz’;{ qtntgl.gﬁh::??,@ !1%-180.
qm » 3 Ana'].
I R A e D v

. guefintelin ﬂ:hepneemtmmma uge Wcifpust eid RRMREHAR oaﬂﬁmanonto

etection enzynes involved in the PPI

BB BrdGise of aproshpsptiacs sinbe the amonnt of gkt generated is

substantially proportional to the amount of pyrophosphate released which, in tum,
is directly proportional to the amount of base incorporated. A method for
continuous monitoring of PP xeleass based on the enzymes ATP sulphﬁryiase and
Tueiferase has been developed by Nyren and Lundin (Anal. Biochem., 151, 504-
509, 1985). The metbod of Nyren may be modificd, for example by the nse ofa
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ATP sul phniyl ase and Luciferase. In a cascade of

WO f04/p99aé4 C reactions, visible light is generated that

is proportional to the number of incor por at ebfCT/5G2004/000093
nucl eotides, as 10 illustrated below, with the

L:?gm{%eses: ] kIIA) , +Elléjlcl eo%%g‘gl, Z%](?Cﬁ ﬁ%;@g@)m)agrﬁﬁﬁed
4- ARodimepipluciikese @AT Ruciftif ateheae) combERHES® fenlify the relesse
ATE |s{1§gt§n.+02 %Lum f?r?ﬁéﬂﬁ AVP +PPi + . . .
Oxylucifrertn SiREpth Ay of _ iEEnesRied i _ﬁ!ﬂh@ﬁ@&npmporﬁonal '
deibditt ambuBCTHBREpIRE: RIS, fh {3 'ti%%!%q\fﬁrl[ﬁi‘worﬁonal to

ect theiﬁ{esence of a transgene’ln

d €
s afip FEong elhase incotpopatod.nfbeamatot dfdighiBa eaily b detormined by
pr

- [ |t h tit f .
TR AR SRR e s il 1 ot on

react i ditbe plefSreddek 'gﬂmm- . after .
vag_h?us cy%l es of Pgbiéo that t %19%%%%%%5[@%@@%0&@&3
qdat’ FHpRYlaspaad Lyciferase. fin gleasmars bf it yryatiendadiona isible light
| iz ] a tem ,Jt i.s possible that
ﬁﬁﬂ%%? ool Breenter o fudiepemtscmpwtontids,

itsbuted tedowewith oy requipdd dozpmb| %.!Fﬁg el | .
yield sufficient signal for qugrﬁ?%tﬁi on. F%ﬁg#lépg%thmes.
reaction is required, there is no need for

aPCRMagRIANE + 16l . fJ zat i roduct, can be
directl({y et%@%%ﬁﬁweexa adi net er,

foll owi ng conversion of the Pit The invention thus

provi des.. od for detecting a genetically nodified

or gani %QW%F@WHTMHS% G MO

detection, cuts down operating time and 30 | owers

opera:tbi ng costs. Purthenuore, detection of PMwth

sAHB e LusifsritatOg (LuchRoisb)ons—a AT LIFPS £ CRPRRIGAAW FO5+ 1

| ess skill when conpared to other techniques 7ﬂv\£§ﬁ 2+ light, .
2004/ 090167 PCT/ SG2004/ 000093 of honbgenous nucl eic

e BB S S oS ATET it

| ctithe presenceef arynsganedn a pagetIDINA @laﬂﬁ&. mr:msg%ﬁe gﬁndaw,
| Lot 0 _ensur.e accyr at results. The. metho

oo pitlovnt 6L Rnie in propeptiooil e auevidty of epmeriemplate
areldic eeid ol 1R Holyrherii j dr%]ﬁ%' YehloR

\%%Sgous r eaclgoiljg%, [ .thEeféaiQﬁgF_e uBe or 84%%%?8%%"@

BEPWHCYHas oS RER s@t}q?ﬁwmwhm famalso b rqafaliﬁﬁved. Duis fo the

r . r_extension.step is perforpged, . .

mﬁﬁéﬁ%‘%ﬁ‘rﬁ? 4 a5t = e K Soposihle that just a

st orweren loyte poliei @i st i ﬁ@f%@ﬁﬁ: i
PRI i.s. onj t.gr gﬁi or de’t:%ct ed‘,?m?o etaect i\ﬂ%—e e ;fcgﬁgn cychiug
AL Yigldh sobuicigat signad ff?}‘dwauﬁtaﬁmﬁﬁ‘dﬂszne piadtion ishqiied there s

, t aken ;

Pl Se 660 BR W AIBERRE, dE3%he BlyfiRizkdon produst o be dhkectly
detected with, for example a hminometer, following convetsion of the PPL. The
-iuvenﬂonthuspmvides amethod for detecting a genetically modified organism
(GMO) which greatly sioplifies GMO detection, cuts down operating time and
lowers operating costs. Furthermore, detection of PPi with simple enrymatic -
reactions wnd luminsecence requires less skill when compared to other techniques-
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reaction mx may be renoved and anal yzed by addi ng an

Wozoﬁi/bs%' t of the sanple to a reaction mxture

onta i'ni ng the | um nescence detection enzyrr€§T’§ﬁa°°4"’00093
reactants. Since the prefeued det ecti on and

| b | et i
o RSB o i i s tiph ond GpeRemet 1 | ool |y
The useTab giéeﬂi!iﬂr&ﬁiﬁtﬂoscdrﬁc bies 6Morbrg%e£ PCR

and.descri edrnthelrteratu r1Ners can

d e%‘?‘&ﬁ’é f@inlifng speifintarged nszgme anriuleic ReIOSiReS: dc@urate
the geno of a_subject of
| nt er estﬂ%el{ﬁgtgﬂg%g 3@9@&%@{‘? P‘?’F&’W RtaPs, but in one

desi gned for transger?eg t hat een |n?£oduce fibe or
i rﬁ%%%.%ﬁﬁbpmﬁlﬁﬁ@maﬁsmmmdmﬁm ora

el SRR et onve%e%%b;@%mm

Onhmrpomwd,ﬂalwwwb 4 ESe@orAstes
ot hz%fﬁ sol i d support before pr| rrers are g%%%g%kggfm%ommd

t5» Wy deders vyhietlecaor ont nmimﬂdcmcmpomannitmitakeu place.

S?ﬁ"“.“g%ase RSl ragb Wl S B P Mo, st rgithe polymornse

thﬂﬂ@hmmmmeﬁfmﬁaﬁa aﬂﬁgﬁi&]g t%g'ﬂ,
The %I%t ection nethqds  of the&%resent [ nventr on %mplehoa
Wga% tbw

dumpescanicg ﬂeﬁenhpm enzyracsBiAgeactants.

TWCGQ?E by smears o @Hﬁﬁé §ﬁ?ﬁf§%ﬁ!&%ﬂ3§w@w

rm mgmmﬂymweampmmﬁaﬁcmy bYRSH 000
stot Iate DNA do not result in
¢ Rl i Weh Vopomen qlqspre‘aacbnb eratmom a

o NS 8 14 oy L et
dnteoduser it dag gmqogﬁ oPiwaredt fbi‘giluggﬁpwe of modifying the

%ﬁ%&@%ﬁﬁ&@% apiael, St o s prics gee designed,for

b
ttmugeh B0t EAR BRAThESHREd idh Par P%t gg&,ﬁgn b bested with

bet ween pnm ug srtes for reg 1
B i a 1y 3 seansio -

roo sarrp lgjpi ggﬁ'ﬂ:%tﬂgr‘?e‘gro esse%i%éh‘ee"f‘ﬂlef

d sefidsingpoetbefonfinies afcidtied Zhe 2 dekefibh of 7 Imgféémon is

aI SO, be used in the detection of pat hogens N
vidismagigelyethe psimere tiay io atiacheibtosihe lsolid phhssaraterial.

for %@}éequ@%ﬁ%&ﬁﬂ %’W@‘ t%ﬁﬁas r| ner s sg%&#r&'

desi gnéiheattteciivadnéhodd e 1He %&
met hods of th Eresent appPﬁgatl on to 1denti éQNA

an prrityo SINAS Spar procoseedabod aremsnally of low

| "Egﬂf@las izgi:éa‘t&&ﬂ?smm ofsmall sized genomic DNA, which represent

degraded DNA templates. Even if binding of specific PCR primers to template

DNA do not result in the synfhesis of foll length emplified produots from a defined
‘template, partie] replication of a taret and the detection of ary PPi release can sl
be detected, Fhus, the pyro luminescent methods of detection described herein
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To cany out the nmethod of the invention, the detection

wo@ﬂ@w@;@@ can be included in the polynerase reaction

step Le., in the chain extension reaction stR&p/SCZpf{800093
t he det ectr on enzynes are added to the reaction mx

f orhaivl eheiaineTeY: ti,lt
vvlo:h or duri ng %Iﬁgsﬁéc ase r%&gﬁ%%@%uﬁgi
cmmaipglsﬂea farreptiamPOR dbickiios Thk ﬁ?&hédkevmld

otr spbate precursors needed
for t ﬂe ﬁ @%‘? gﬁﬁ-"& ghlyprocessed
po Fymdeingles, fir st t| de rinmer [

exim or poﬁag%r as%% ‘gt’é”d‘ ey can:ssue

can act as a tenpl at e

repl i catThsrietegtion mﬂqurmigemaeﬂe ﬁféddﬂlﬂiﬁ&edﬁéﬁ'cff‘i‘iaﬂ:{bgensm
AP J. | ase i f The pol ynerase
reggit%% ni’“%ﬂwrsy S%Icﬁfltl thbgpdtméwsnlutmns, and
polthvee pesitc! Pri@rdbiolilfk

det ecépg‘? gnzymss car‘rag al rE%Aggq%?”ép%?ﬂal‘}mamsm
t hE% Racesimivdiand npadindbe detoctiorhend amplifivation etbiNi dso fithe present
regﬂﬂ;&ﬁ : s.the ATP can soneti mes

be pr es e?rl?a% i E][[&#g °F é%EW%ﬁd f‘ﬂ %#082@@4% cgsmgligsgr medical
rePfuidsati on of a tenplate, for exanple as an inpurity

or as agcont am nant of dATP 25 added as dNTP
prer nus Pcaﬁﬁd’%@ﬁﬁﬁhﬂﬁﬁ&wﬁmmﬂé&ﬁeﬁmm&mmbe

PYioRRides ’;Hrgﬁrgrﬁ ve.an ingolreot
| umi nescgbn%% O!la il Mﬁ%\ﬁ ’Hég FhiR BHEnsEon sactgn step.
beThusibe édteﬁmwmysmﬁaeadwd@@ﬂiﬁﬁidﬁﬁﬁ iR For ?&ﬁ:mrase step
oér I bi ed zyne, such as a pyrase t

ver Sm%m 83p‘? P@Wﬂ@eﬂmngeﬂ'hamononm

o DE aeglitdtion M wiliIhe frokudsiin frer drepSim RO riihogplizto
t aﬂfﬁ%‘ﬁ@é goededdor &emﬁaﬂ(dmr? ﬁrmg.’t@ndﬁiif’d@mﬁb YdibAnerase, at

fere the enzyrratl c PPi
det ect | onﬁg&m{ﬁb"%ﬁﬁ astpignydae dor polymerage-
sl o 535 ﬁﬁ%ﬁk%ﬁ&g%m ATP

|nco {atedlntoagrovvlng

age andhigiferasgy. The pelymienise ntaction nﬁy&animaa hhgidition

o e i e

 deélwedy beprepat iaf he thucieiréadionds EAGUEIGERoPROS OA&ﬁed%m the

|nvoIv mobi | i zation of the target
E@ﬁjp@i‘ a"%ﬁi@ﬁr%hmtrocel I uI ose paper, cellul ose

paper | on jrenbyane.. The
solid s’ﬁ.'i[;go%"'rgft1 rraghrg%:%é%lgg MW@FI%EIW@-&W
al‘ﬁémtlomnfg foR B a; wag

Choplete % any o?the va&%tOfdATP

be used |ncIud|n
- dgg\if?‘f%“e BrqoHEsoR| Endagegouns may also interfere in the

| assays %%Wex%%% ‘%fsﬁjc'ﬁ'% 2ilshs phase Frgding.

pEawesimdhe GidugennarATR pizk beiireveBiiin a'sRinple by contaotmg the |
sample with an immobilized enzyme such as a pyrase that converts ATP into 2
product which is no longer a substrate for Iuciferase. See e.g., U.S. Patent No.
6,258,568. Thus, in one embodiment, replication of the tarpet sequence is carded
out using a dATP analogue which does not interfore in the enzymatic PP detection
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exanpl e, of agarose, cellulose, alginate, Teflon or

WO:J&%MﬁH”ene Magnetic particles are also useful since

they can be readily isolated froma reacti oRCGHSE20$44000093
yet have superior reaction kinetics over ,y other

f Qi oRf L,
f unct |d(i;1n1::'rlgt qg?%ﬁ%%‘“ﬁ%ﬁ‘% of!ﬂ:F %?py “bcﬁ%?&‘%d ’K'iﬁ’l %ﬁm DNA
orehaiz bio agﬂbmﬁaseo rSed-.,Ss ot UGS Pabine Noe§ 2583682S

_avidin for, the attacl uuentofprimers.
e pethed ol et

The po ‘Bﬁel?mnéiﬁ%ih apsrfuotedion nuedeic acids attached

It eﬁ@ﬁ{
g egaegﬁg Isg%lﬁrge i's dcagr ri e éiB% sﬁgl'ﬁ‘gﬂ‘gclg%lag?%ﬁl%“m genherally
Vavitnmobilizatiop of ﬁieetaxzet medelo adid Gl aﬂﬁm s%goﬂf Ench as

Kl eno r Se aso Ver .

U@@mﬁﬁsmﬁr ogep Wmmmawhme@bmne
h&the salip ort | 0 abj |
wn o e Ry a0 e oS a?&%&%&b&“ﬁhﬂﬂn&wﬁ any

& euppertmey genvenienslyibe tsed inlcholing@Bker 88 REstHRhMRr deseribed
\MEE{E q’lr?r%% P PPl rel.ease...Thus, in preferred

di 1Cgs° RERHS: ’“F%"jﬂw B Ie3sioar 9t solidiphnse assapts, such

oas fdruenemingts uppaﬁs e6mfH
su resgmg' ot gest i OIIEII by pg nerbse Can%ﬁ@&@%&g@%gm
t | HBarese, méhr&qaeodgma& Tefon eppelpityrens MHAS particles

ti pol ymeri ze
cha| n rea?%il on %m;?ewﬁ‘ﬁ&ﬁ ﬂf?dt Atpactigmaniviere yet have

ckich ket
jm?ggb%e; 4, 965, 222"% ﬂ%éfg“ﬂ*l‘?f%ﬂ’y?ﬁ%%%ﬁ gupport may

r GO Snetiomal igrepms syeh %?Id@’&ylecarhmﬂ;mdsﬁ}dg dtmmmno fgroups, or
L e @it SREUEE B o G0 Gha K5 e B ent of DRim.

pr ef er dbepolymerafireddioninlcach shdqisht 5P LTt E bE EYension
(1)&1%% 5d éC| es, e;a IIernatl é betvveen t enper atures
ottt ¢ Holymatsoe whih wifl

Soparopae ﬁg"xﬁgk“g}@%%g? gé%n%‘“g‘%?@zm ki
A

Boweverpitis kiowm thaCmenh Pulynddbzes308 b pfofSrending

ver ther conbi nations are "al so
sw abl gg“-‘i% g?’é‘@’%“‘?’ép@ 2 grewingsiomnd which can
lmmﬂ{'ﬁﬁisu @%%&q
rredl cal ﬁauppl i es and flul ﬁood progﬁtgF&agﬁﬁmime Thus,

bodiments  soupmofreadinglpclpaereonng Hived or fluoride

?i ransgenes %%?@RM%PL Wgﬁe;i%t!ﬁllﬁ%gﬁggﬁﬂomme can

(hevaided to tHe repliéaion8iidyn. DI ocngi neered food products.
The nethods of the present invention can be utilized

| n bot Ke FRagsRtsincludinginzymesy which nntyts wtilidedon the polymerized

b| 0engi neer@ﬁ'ﬁr W%ﬂﬁg%m ngg@ Batent Nos.

210,015} 4,683,185; 4,683,202; 4,965,188; 4,800,159: and 4,889,818, the
relevant portions of which are incorporated by reference. However, proforred
cycling conditions for this reaction are sbout 1 to 30 cycles, more preferably 5 t0 20
cycles, and still more preferably 10 10 15 cycles, at alternating betwesn
temperatnres of about (1) 58 °%C to about 95.° C to (2) abont 58 to about 95 C.

10
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many steps required for the preparation,

wo 10088bid7l cati on and propagati on of new pI ant _lines

havi ng an inserted transgene. The nucl ei c ach/¥562004/000093
det ect ed W|th the nethods of the inventicil can

i nc ntsthreof fromany source In.
pur?‘%&ﬂ or un MW mﬁ%&ﬁtﬂﬂﬂ&bmﬁ 580

cCC
eSS O e Al

RNA
t urfl® PEPkof The nucleic acids can further conpri se
£hronoson=, m ds, the

[
Se no ?nres p%fl B E)’F’%g c a|mt%‘t°é$tﬂétmfstte H“’é’ Vﬁi‘i’i 8t pepmninon of

e. dbod,gbanttins AledjabBispl
fu g‘%gﬂ& P nt s, ani nal sﬁ ﬁ%?ﬁﬁ%ﬂb&b’?@ ﬁflﬁtg,%#%genous solutions,
i 88 ohsr

Wyﬂl progiter Inf additiom dehition of

be obt ai nefg%eﬁm var | 032 {98? &W%Mﬁd

dlé'bd»dpiudums. e heHst
nF tiléﬂ“ lLized i thellﬁgt hodgjsooffﬂ%gtgw%tﬂvenu Ohﬁ%geunhzed
#Fb "e‘?i%%’? ctt!ﬁm&iﬁ@mmmmghmmsdfuhhaﬁted

lScﬁn equenc
3' end that Is C pabi e ﬁ?ﬁ%’@ﬁdﬁ%’ﬁﬁé\?ﬂ? thzedmthe

Semmﬁﬁp@fﬂlm&ﬁxﬁbm m:hﬂlﬂ@h
’}g&p%adeotl.de E I r has at | east 80% pr@/graﬁgllmfnewl’l&“t ‘
"nost preferably 100%

con‘pl endhk aféleic dc@dd, l.nzer
b| di ng S|te The nunber o nu%gﬁggﬁgé&mmﬁ’?@mmmd“dﬂ

hybr.%@%ﬁgﬁ&%ﬁﬁgw 'Jdﬁgﬁugfiguéﬁm
gﬁ?ﬂeﬁgﬁtelgﬁ}ggﬁ%” ner 11% i%%{glf ’%ﬁﬁ% HeBoc. The nueleic

g ' %a%na ﬁ’t | eot ol1 thare
- ae et ini cl eotide, tha
éé’%?r%%i% om abou s‘%g? of-Ed bacteria, yeasts,
| evimsig, hiﬁemtbdla(faﬂlm
| engt . 'ghe erm, nucl eosi de tri phosphat’ es" ﬁlém{e The aucleio
I n ek iraciionof @Iwgmeﬂﬂnmmhmmdﬂogmﬂ

)@méﬁﬂmn HS ?&E]k t hat, are .recogni zed
ina simlar %n%nnegd ﬁ‘%&é}% éc'ﬁp@giﬂ]xg ‘t‘?“ﬁ’% peiures well
tdﬁlmnéht’e&f. Exanpl es of such derivatives or anal ogs,

by way ]iﬁtust ation and not limtation, are.those :
V\,hl ch a Primeasiilizeddn e rogthods hﬁﬂmmnoncan

ool %89%‘?6‘?1%%?"#@% W8 s Bl mudod,

| jgeat RseEace etEIth‘!-mtmmBie Sagib 1o S¥HElbridikig with a defined

| ns\é&& f&erigrrg!e? ﬁruuglt it e.. Noma]ly, an oligonucleotide primer has at
least 80%, preferably 90%, more preferably 95%, most prefersbly 100%,
complementarity to 2 defined sequence or primer binding site. The mumber of
nucleotides in the hybridizable sequence of oligommcleotide primer should be
such that stringency conditions used to hybridize the ofigonncleotide primer will

* prevent excessive random non-specific hybridization. The oligonucleotide primer

11
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usual ly an enzyme, for formng an extension of a

Wozoﬁ&?)”ﬂh.e/”em ary polynucleotide al ongaDNAor RN

at e . The nucleotide polyneri BETiS&2404/000093
tenpl ate dependent pol ynucl eoti de pol ynerase and

ugsETaliy svititel the smﬂe as tHehasah aden

figr ext n%)g’gﬂ]té -end of a ﬁ%ﬁtgg“géﬁ%lﬁwﬁ%ﬁde that
pr’&ﬁnﬁ@ﬁé{ ewfs 208 m@p@nﬁmsanyengm,ipremmy from20 to 50
ﬁﬂcwoﬁagﬂtlggght enpl ate. Usually, the catalysts are
enzymes, such”as DNA pol ynerises, for exanple,

pr okar 'i]bﬂ; teun['mﬁclpoélamﬁiph‘é@p}iales" afso(iﬁclh&és) deriVatiPhhnd analogs
%ﬁ’}é rls DNA‘-‘E rrerlse | enow fragment,
P & ?ﬁ§§F1PB edby fose dgmtp@s tha mgo@ﬁz&ﬂ\ﬁ a similar

fol] ovm%ggg%%%é? (TR

e oy ki orii
AR Shfing oD Akyistod s ks : a0 aligyimichude h

Eﬁﬁﬁ”"?‘?ﬁ?&“ e N R

Panel Iﬁ’angmﬂ@ polpuerasesiag Iuhelﬂ\in’@e Bventich Qﬁn?ﬂs@ a c%r,

results follow.ng 30 cycles of

G h
ﬁ‘g'%éﬁ g %fP’éBEFil Srtensiag of a compisneentappelyrinedeotide

dlungia DNA, drIAPANCHY &?ﬂﬁ
bp)gaDNjgﬁfragnle}nt p?)ag? ﬂn'P{l/e con rolﬁgﬁéé‘z?%aas%%?@%
pRipolnslaotid 399bmaaemgddﬁﬁ8¢s iillecattid iciph

{ vecntr cont ai ni n note?gfﬁgﬁ\&g
Bihing BORLS for BB ‘ﬂ%ﬂ’%@%‘ﬂ 5 f@imsgvida TR gIanc

@ﬁﬂﬂﬁmedﬁff’mﬁ'ﬁﬁe +166 @@Hé]ﬁll%g
ﬁoggh Panel "A" 10 cycl8s o

sa%Ie Ellovvlng P '
: ENA polynerpes i catmple, fekapoiie DNR. Merase (L

c2004/ 0009
foI I'o S’f“f’i‘wromﬁ% e ?rgverse

MGMB,MWAWIWMM PBIN,

%’lt#tt%‘% cene control wth dATP ; auto’ ?‘Fﬂores?é??ggema’
Ci t h dATpa3. FIG 3. Resul ts of assays of

soy bearmy A8, Shid: ggqig 5% %

fransgenes f %é@lgr%e 0t hﬁég%‘l S t??j'QgP%

m&rreé&yhﬂhaﬁ;hmplngnaas fPRRe: gene) and

. ?'eﬁ.f CPiGhek BrelSbr s g 0o B oAty Al Deo s e palomerase

é‘?ﬂiﬁ?@%‘ﬁﬁﬁ?ﬁﬁﬁ%‘?ﬁm 53 %OW%%?@%smw the

trofodewingilQ eRies ot BOR; Parel Bt dhews rant@TIBoWREEI0 Sftles of

LanidFamel C shows results following 30 oycles of PCR. Latie 1, DNA
lsola:ted from 2 maize sample containiog 4% of the GMO MONE10 maize; Lame 2,
149 basepair (bp) DNA. fragment positive control template; Lave 3, negaﬁvé
control containing dATP, but no template DNA. énd; Lane 4, negative control
containing no template DNA, and substituting the inactive dATP analog AATPoS
for dATP.

FIG. 2. Fluurascence measurements of samples following PCR. Pane] A,
10 cycles of PCR; szel B, 20 oycles’ of PR; Pansl C, 30 cycles of PCR. Samples

12
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10 MON810 corn. SEQ ID No. 2 - Event specific priner

wo 200gbog@s r esponding to the junction region of the

35S

promoter and ESP intron | ofthe transgene i f&g/3@§04/000093
into GMO MONS10 corn. SEQ ID Nos. 3-29 -Priner pairs
vitre edn foltopvsh e s ed DN diehPiehi : | 4 K
transg%lenes in plants. EXAA%/lEZIe@%g{eecgtlji on f4b/§ ﬁié’éﬁ%\%i(ﬁp
Ref erence sanpl es of mai ze containing the transgenjo

€84 ;--Fe—2auiviBiScenes eontbslai e d AlMPam Si gna
Al dric em cal_Conpany. Genom c DNA was isol ated

from t KV mdi M@sm:Oﬁ%me N fplieing 5%
SRR s T ) G BB o
got c- 3! ESE;?;E;)S NO. Bl and .M*4 :%'h%gca tt% g%?ﬁ%{resmd
a It[rf& y 1'513@29 L) e tIr ans e.?l)e‘25

C g.ﬁ res gt%r; ;ég“f g' _fe‘%gén? %#Wé{l ﬁ‘?FEquBPFgBﬁ tosiha junction
%%ﬁ@gi&)\l PC R mg?gg‘riﬁsrnggousi ngﬁ? he %ic 100 thﬂelfongiMo
cyT “PRail able fromM Research, | Inc). The I

i cont o e og s 0ny ol el dih& 1G4 GertERofiing t o auction
Fasiem of the 356 Fromateh 280 HSP ittren 1 eftheidnsges iR e dkREMO

1 E[:J@,l.Sm\/l MyCls, 1.5 units of Tag DNA
pol'ynmerrse"and 1 | (10ng-10ong) tenplate genom c DNA.

The TaSEQND Npe! yﬂyumﬁn&gﬁﬁg hqﬂ%

2004/.090167 PCT/'SG2004/ 00009 vty B oGt and/or

prRplifydnorenearsgenesdn plawts.f ol | owi ng steps: a -

denaturation step of 4 m 94 C, cycling steps

consi sting of 45 second%ﬁ&n at 94 C, a 30

s ecBretedtivtuifthie Gveat Spcific I&i‘?eﬂf&aewﬁﬁ%f'l\ﬁ%y%ﬂize
ep of M nutes a :

at 720 C and an extension st i
2 L ovad e siRps CERALE Salne thd PSR M pup pne
MO Hwercbtoasd Gon SigmiAlifich Cheadesl Corginy Benogilc DNA
Pl b G s bbb hdorssomepreparation
?M?%W@&@PW%Q@ phit of
IC prpvacrselQ3 bSwet atraitat angtact ottacbes PEEEQ ID NO.
1) and MG4 :5%- gea tte aga gaa acg tgg cag taa c— 3 ((EQIDNO.2) W‘EZEIG"_IISBCI o
amplify a 149 hasepair frapment of the trapsgene corrgsponding to theregion of the
juncﬁpn of 358 promoter and HEP intron 1 of MONS10 maize.
PCR REACTION: PCR was performed using the PTC-100 thermat cycler
(available from MJ Research, Inc). The reaction was carmied out in 2 total volume of
30 ul and contained 0.20pM of each of the primers MG3 aud MG4, 0.25mM of each

of the foux INTPs (dATR, dCTP, dGTP, dTTE), 1.5mM MgCl,, 1.5 units of Tag

DNA polymerase and 1 ! (10ng-100ng) templatc genomsic DNA. The Taq DNA
polymerase was from Qiagen. '
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10 cont aining 0. 1M Tri s-acetate, 2nM EDTA, 10mM

WO 20 S um acet at e, 0. 1% bovine serumalbumn, |V
th| ot breitol, 0.4 ng/ml PCT/SG2004/000093

oI yvi nyl pyrrol i done, 100{cg(m Luciferin,

unltsfnm'th%r&ulé Eﬁflp@%ﬂm M@Q@
hosphaqsul fate and “20nhg Eﬁm ergggieﬁqﬁwm& fSeX|m

L ferataetien stgn of Arainytes fab P41 Qs eyddimgstepb bmsdeLg dﬂa&tﬁ second

S% re aclfz[t 1 on h@g%ﬁ%@%%@ﬁ 45‘%%‘1(‘)1: ﬂt"g&?‘m at

ATROT aih BEaaatto(abe6t 'F]ﬁﬂlu%faft 9o ¢ TREEL h&ﬁéfwa%fc%&ucted in

fl uorescence readi ngs were taken. The reaaﬁl ngs we

 thees sesy andallogead i famokOy 20 end 36 zyulepms;mtxwalya

Labor at SPPORAREHEALTIOR? Gubiiiiecaton We: prsipkoutby

RESYIlTSinebveit, SRehiilhe tHatdasetts Meleﬁh%ﬁﬁ?@ﬁﬁm@gﬁ @®F) fiom
|soI at ed fromg 20 reference sanpl e whi ch contains

tepyatg dependent raltic mﬂlsylﬁﬂae\ﬂs by meang

' g%igr 0se %%1 %ro %dréagmeRg%were an%zed E‘Y?“tdﬁ&bnffer

bgantmmge:smesm@tzm EDTAS 10ns thﬁb&m a%etaiffb 1% bovine
of the PCR products were separated on 2% agar o

W#ﬁ%@ﬂéd%ﬁr eitaly@4gap ndlpgbvmﬁpmoinﬁma IOOpg/nﬂ

éiﬁgfi%os YA spemﬁplg’%&g&bﬁﬂ&d% ES%H’

r2inederviferase.e (Tad Luriferin, Moki€erbSe mmrmmwxaelvfm dbtained

ﬁ@n%no%@%‘whusmg%tm event sg(e}é:flﬂjfgl rr%%%&ﬁ

fprogeas wasBix 8P
cIf)ntroI tenpl at e fgpbtlﬂgﬁg@gmﬂg presett:"'lf1 JB&%%
Trsngbatelyrbafons! fivoressencenepdinguweredikeah I’Iﬂzefmaﬁﬂgrﬁmﬁaken at

e imiPNGE for 2 PR & ViemaPhos BRiogamied sl i Bio-

| RudH ghoratofids)) Dl 4Dk b hiédd a0 40R0093 The PCR

product_of the reaction having naize genomc DNA is

pr esentBREVRIE: fivent geciflogaraeb A m&emanndm%dsulﬂed froma

aifhesie PR R BAR R B e hto DRSRED bR Bfoted and

m@iﬁaabﬂmr emqusmm R PCR %&Why agarose gel

fluorescence tQo high to all ow detectidon of
mhomg-mm i fnerssasnoa dttectiors es Saown in Fig,

' an %uoresc@ﬁ?& asu %D%Fﬁ&mb?ﬁ?d s &8%?1%%3

ﬁmw._scm g sl dofiabicdd WA0-Bp groldoular inarersAGEBle fom New
t|v§, i%r;érol having no tenplate DNA, and
I3 i nactive dAT? anal og dATPaS at a fi nal

T e G e S
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 wsed as the positive conitro! 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
CofFig 1, Corresponding antofluorescence readings are presented in Fig. 2
™).

.d
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- WP
AP G A i orsreton mwsasemotts st wonbsponding pancs

-gﬁant itative PCR, than by carryi
EASREAReRL

10 | evel s produced by the dATP in the PCR reactions.

ults denponstrate that the autofl uorescenr..e
wo fifefie

s high for the initial 15 seconds ofPG¥8G2084/000093
reaction, but it gradually stabilizes between 30

ds Pt ' ovi d kabl e, wi.nd

dy tng uhi TR e} Sk esP bl it enin bhihipresented
e - H5and indiSated biNAGL L el ahl

c *& b WFRNL. mgﬁféfggggai%ae&m

rose gﬁé the positive cotitr
| ane offmplate D WEg dse eamipdp detennineiftid presaaeof QATP in
| @R raus j egative controls having
no te_r Ia?léo%g %&%@ﬁ“@%& t9e fiah 1o allewifistention of
ﬁd@lﬁﬁm@ma&@%@eﬂ%@%‘ﬁé@ﬁn%m 3 of panels

i AG BeasrC 21 d.. Th f dATPaS
i e e B PivE (SufAdiePing o fomplate
| melydig thoinastiend AT bihalop Al TPuR Qw&fﬂmﬁm of

. C ' i he, genom ¢, DNA from Mai ze material co
053k dened i A AT erdomorteuivatn tredelkgrmind uerebgonce

f lagivgnoden by hedA Py s tﬁﬁ%}{g@u M3 onl ybecones

detectabl e after 30 cycles aca kground: |evels
of 25 abkersulis dagwnsiate that the atiofibrestnge Iée&ﬁsmgi for the initial
ests

les. of PCLL, Thi | t
h fleoll decld ritliod o S5bilizes Brtween B sezomdy and 2
cuinuRSRofprovide hiwdpkable GEdRP . d
ot o SR dBong BECHREIE SoehBhorssconee

Ba%ﬁmq@w itative PCR The preseitresults
d t [ f hate | Ils b
o 2 N MR RS o e
roRirol Gavel Aplana®) blerune Oydles ofIRR G arf Ao MREERACe Bl much

gﬁgét r@ﬁrﬁ:%? tes .of CMXxs. In this nethod, the carryover
L © 30g3tiKe coptrolnlpving ootemplaR O Aa Moreovelp 8% two
e &t &@k@ 5 WD 2004/ 090167
gﬁé&zﬁoom 0000 g“?l Huéf esceﬁ%ﬁeﬁ%%cﬂnﬁam%g?#egﬁgq@ﬁi th
BI9cRA% seaastivpahenthe ebrribwr spesTHI mg; Kﬁﬁ?' '
QEB_?J ih.e transgene that is bei ng dg‘?g:btﬂegﬁB Eﬁndﬂc&
S’SE AnD TWEteE %lﬁ"fg‘mfﬁ'f"ﬁéﬁp background Fhepst oA TRoS in the

| smﬁmeaﬁﬁwyﬁ%%f?gﬂ oo 130 PP OB ot
a

P, OMOMBINID: B8 bR 149 b Bt amptifod lokprmerigMioand

| MGH4 only becomes detectable after 30 cycles of PCR, Backgronund levels of

antofluorescence, in_ conirast, are defectable 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 ont fewer cycles ag
one would do for qualitative PCR.

The present results demonstrate that detestion of pyrophosphats levels by
Luciferin autofluorescence in 2 sample following a PCR. reaction can be nged to
detect the prosence of the fransgemes of GMOs. In this maﬁmd, the carryover ofa
snyall amovmt of AATP from the PCR. reaction does not create ba-.ckgrmmd levels of

15



10

15

20

nmet hods described in Exanple |I. The results of these
detection and anplification 10 experinents are

WO 20pt88#Tt ed in Pig. 3. The sequences of the pPCESG248al0ne93

used-in the assays are gi ven in Table 1 below. The

rffaRestendefih Eﬁigﬁf&ﬁ g.ﬁ@?(ﬁ-e irt esenr{lfrtﬁe sSR! Aoleic

applicability

@}ﬁ(hfﬁh@transgmclﬂtﬂmhlmngﬂﬁeaam on of a variety of -

di fferent target nucleic said sequences in a sanple to
be anal yzed for small anounts of those target
sequences. 15 TABLE X Prygmi,p nce P35S1-5/2-3 5'
att gat gtg ata tot oca ctg acg " SEQli) NO3 5

Cct  ( Stdant @aaiedslphiained ﬁamaﬂlgniacﬁdhcﬁ Cheiaal UoN@aﬂy coptaining

ﬁ%?§~°°f StRegy Sonit Sybit LG aRb or 00 BL3 sapiep e been

acg t 3 SE QDI%S&I{\&%O;%&SW ttatcc ?@ﬁg“&f“?‘%cg‘?ﬁéfﬁ‘%
sestapenoddicpdiciiy refigance trms tetconnmmmhplan'gﬁnaaxsugghc

o REAR iy S Sl e i
Pfi.'%t 5 s
gg?%gé%wg& SE édj CdT‘(lig/écﬁlrI%Z o' cgg atg Stc g%etdmthe

AYYE &S gven ahle 3 bﬂMQ'ﬂhDrB@lﬂSbfiEse@xpmm@ﬂg dgmnmgmte the

Y PR XN YT

of a vitfietyafidiffagnbiatpst AdcleRtachl &gu&i&&ﬂa sNebleld bednalyzed
%at gcgtgg att tgg tac a SEQIDNOp
SEWE@@QQW%m acc caa aca tea a 3

SEQID NO 14 S'tgg att tt'g'AS%ltaE ta gga att aga as 3'
SEQID NO. 15 Cryl a4-5"/ gga caa caa eta caa

cdtriman c 3' SEQ $dnbke 16 5 cga tgg ggg tgt aac egg
Q.SEQO 1D NQ 17 Cyla4-5/4-3" 5 ' 8 8 a caa caa cca
c@35ML5e®m ¢ 3 Palgm %gaté&tcéaaga@guact SHIFID RO. 3
gca g 3' SEQ I D Nfcoi &ie &g&%ﬁ técd% COQ 9bla

cao ott 3" SEQ ID NO 109. ctg ggg atg atg ttg
ttg 3 SEQ ID NO 20
P358-cf-3/4 5" cea cpt it can age asg fpg 3 SEQID NO.5

5 toc tet cca aat gaaatgaso tice3' SEQIDNO.6

P3581-5'nos-3 Satigatgigatatciccactgacgt3  SEQIDNO.7
5" tta toc tag it pog cgo ta 3 SBQID NO. 8

Mg1/2 S'tatetccactgacgtasggpatgac3d' SEQIDNQ.9
- S'tgecctataacaccaacatgtpottd SEQIDNO.10

- Mg3/4 5' agt ate cfi cgo ang acc cti cot ¢ 3° SEQIDNO. 1
' gea tfc age gas acgtppcagtaac 3' SEQIDNO.2
Cd01/ex02 ' cggaiggiccttaigcaatittgtc 3'  SEQIDNO. 11

5 clofog gegtag att tpgtaca 3 SEQ IDNO. 12
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15

10

Cnd/ar02 5 cat tat aaa tgc cat cat tgc gat a 3' SEQ

wozk%}w{iq%ﬂ . 5" ctc tog gcg tag att tgg tao a 3' SEQID

Cnd /pa0l 5' cac tac aaa tge cat cat REEHSGZ04/800093
3" SEQID NO 21 5' aga toa tca atc cat ttt tgt ggt g
3 dEmED NO 22 SeQadrver| -5 New tat aaa tgc cat. cat

tg -oSEQLO NO 21.5' gat age got coo gca gat
3' ﬁ/pwm 23 Abigta the tic 41Q6p af2 caf%8t £89 AA5ERYH NO. 13
SRRt S T2 L T

gtt ttc tat cgc 3' SEQ I
cgt taa cca cta cat cga ga 3' SEQID NO 26 5' gat

as?%mc?@fg%??gag'@gaﬁi@d%&ﬁﬁ@ g' é 230 B NO. 14

act ggg etc cat gos'igka @% @Qza '

acg tca, tgc crag doig%' S gltb 29 715 17 CL 8‘15

A hod of iplentifyi ng the presence of a transgene of

a g&ﬂ@f“cﬁﬂf? modi $48 can gamecareaa bat caz 2Pl € WREHADNO. 16

the nucleic acid oﬁ'dgh.egggwgg@cg'gqgwepl i cat e?B@?#ND 17
, e

detected as the rel ease of pyrophosphate (PPi

nmet po onpri si ng addi ng an ol igonucleotide primer to
the%aﬁ%ﬁggﬁu ch mewmmmﬁmﬂ%ene; SEQ IDNO. 16
subj ecting the sanplgesogehaticge e@igdaam pri nmer YBADNO. 18
pol ynerase reaction in the presence of a mxture of

deoq%r Uﬁgeoti des required for replication of the
tra 3@ wher eby ¥ K88 ceregagitiricattl des are  SEQIDNO. 19

~incorporated and rEktaes gBRatsptgpigrig Pnal to t 6 D NO. %0

| ength of the DNA extension product; and detecting
any, e of PPi_enzymatically; wherein rel ease of
PPiCﬂSlﬁ!FF@;t es the géF%“séﬁ@éﬂEac fgegigeiie. 2SEQHEB NO. 21
net hod of cl ai m 1,7 ®FdrBEre tagatiigatmgedle i s r egi0 wNed 12

in a reaction selected from the group consisting of a
, a polynmerase chain

I t ensi ti
redttURilhor " a P s sl o et and L CREEQIDN 2

rolling circleée repl PEhierden s ot fobigt €BORPY and SEQ IDNO, 22
nucl eic acid sequence based anplification reaction

( NgSEAY/bard-5: The f claim2 wherein the
transgen%ﬁiss repr%g\%g‘agﬁﬁ%“ﬁﬁq%m ai n SEQIDNO, 21
reaction. 4. The MebHdEcEFt coLeatac3nerei n t FEQIDNO, 23
rel ease of PPi is detected by neans of a Luciferase-

Lugdhei-s/Rsed 1 $A6L] QB aat ttg ten acc ¢ 3 SEQ ID NQ, 24
ferd-3" .3' ota tat itt gtt tic tat cpe 3" SEQIDNO. 25
Bar3-571-3" 5" cat ot cas ooa cta cat oga ga 3' SEQ ID NO. 26

: 3" gat ago pot coo goa gac 3 SEQIDNO, 27
Baxz-s'{z-s' 5' act ggg ofc cae get ota ca 3°  SEQIDNO. 28

ngaacccacgtcatgccagttcs' SEQID NO. 29
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5. The nmethod of claim1, wherein PPi release is

. detected using ATP sul furyl ase and luciferase. 6. The
method of claim 1, wherein the PPi detection. enzynes
are 18 Anmended Sheet | PEA/AU'included in the

pol ymerase reaction step and the pol ynerase reaction
and PPi rel ease detection steps are perforned
substantially simultaneously. 7. The nethod of claim

1, further conprising addiQﬂgﬁ TP anal ogue which is
capable of acting as a subs e for a pol ynerase,
" but i.ncapabl e of acting as a substrate for a PPi

1. - héﬁﬁ%r{g%méﬂﬁg th é%%@ﬁ% %g'gp%feencél slggnétlc\gﬂy modjlged organism

in a samplg wheteisihkatusleicacidrbighetraimgenefis :EIpacafed andieteeted as the release
_ I%Q.I'gpé T{ﬂ\l@h otide primer is . _
of py}dlhfm | zg3 or %&gﬁo&%&%&ﬁ%ﬁ Yieans for attachnment to a
s AddingsarppligonuclgotideTiminerie thedsaniple Waichhybridiogs tosiee mrtsbene
a [ I nces, wherein
D APIEC e o GG <G o oY B05 PRpméress: oactoh i fre presence
of a rgmurg@*édeolanGMMﬁetemufe@fora:dzmlcmlm ofithe transgemaiwthereby the

deoxﬂ*riféle%h&esa% mwé@l:}}&ﬁe# %né Fﬁ? ? FRJSI %gpqogbo&aagtgdp% gngt&@?ﬂf-bw\

extermonpr@ﬂuw@tr@ctu ng the presence of a transgene of a

%ghyrérggg o Jr¥bi gﬁ%gtég] msrasesanpl e as defined

I rrsin an enzyne

deﬂ@mm mleamfsol?mdmaﬂ@ﬂmfpyeaegc@ef thedizpageie.
deoxynucl eoti des, or optionally deoxynucleotide

' anal ogues, optionally including, in place of dATP, a

2. dAte reathvdgleainhi ovhergin dapiedrisgené |sa@bllcfwedi$| sreaction selected from

but I f t
tho SEHE ARl AR B8 st Pl 3RSl 50 el o
ligasexchairaieagitare(LER) ca fmlmgp:nnclmErEphdatlodg rehaptibm CRIZR)Sartcga htigteic acid
s e o B ol N o el | cat o5 the
. transgenic DNA. 19 Anmended Sheet |PEA AU 14. The )
3. k‘The ﬂIetI%oa I;Elél%f 2 WﬂS{g Re ttrg%séje%teeig tl‘elpl t%ngY a popﬁaepe?se chain

I ses u Cl
reaction

4, The method of claim 1, wherem the release of PPi is detected by means of a Luciferase-
Luciferin-based reaction.

-5, The method of claim 1, wherein PPi release is detected using ATP sulfurylase and
luciferase.
. 6. . The method of claim 1, wherein the PPi detection enzymes are
18
~ Amended Sheet

IPEA/AU



l.uci fferase. 15. The kit of claim 14, wherein the
, detection enzynme neans conprises ATP sul furyiase and
luciferase. 16. The kit of claim 13, wherein the
transgene specific primer hybridizes to a transgene
that provides herbicide resistance. 17. The kit of
cl ai m 16, wherein the transgene specific prinmer
hybri di zes to a transgene that provides resistance to
t he herbicides selected from gl yphosate and
. Ieﬁ]io inate. 18. The kit of claim 13, wherein the
'"d‘g‘? B i ROIWPE@s? reaction siep ang ithe polymerasereactioraarsifeifigelease detection
stefsh@t pefoMddebstahfRg sim@tinebadie. 19 The kit of claim
13, wherein the transgene specific priner is selected
" fromSEQ ID NOS. 1 to 29. 20. The nethod of claim1,
- 7. Whemei riethb@ o0d1AiBON RetRPLhASrifhd T8dind i
SEQ LD NG (1290, 21 RORBrfihg BBding & ATP ERbRGuS WAt s capatie of
acting gy a suhsiral fon a pelyaterass. byt ingrnablecef acting-as asalistrate for a PPi detection
enzgagpl e that may contain nucleic acid fromthe
genetically nodified organismwherein the nucleic acid
of the transgene is replicated and detected as
8. relThgseetidd SHUIMRTOGRBALSthet dksg;ﬁ. i LSddHdsi
thiotd di nﬁ an ol i gonucl eot i dehepdgﬁlrj;%ée ggf@%&?%ér?n%§\ga ?[Bha'
IolRROSPIaE, 29 to the sanple; subjecting the sanple to
a polynmerase reaction; and detecting the rel ease of
9 PPi]_' wherejn the rel ease of PPi indicates the presence
- of 'ge FRIM . WherelutigisampleXBNA mveligtedcishiisis: pimer is
- immbibifddAlY pYEidAAAHIREAR QUENCE
DT GTING A1 105 onncar o) Faamt b oot 10>
DETECTI ON OF TRANSGE; NES OF GENETI CALLY MODI FI ED

10. ORGZ/Bidkh At ity 7 i
T S TS g 0 . wrrr

said D \ seéquences are arranged in assay format on a solid surface.
11.  The method of claim 1, wherein said nucleic acid sample is from a plant.
12. The method of claim 11 wherein the plant is a food source.

13.  Akit for detecting the presence of a transgene of a genetically modified organism in a
sample as defined in claim 1, comprising:

a polymerase; ]

an enzyme detection means for idehtifying PPi release;

deoxynucleotides, or optionally deoxynucleotide analogues, 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 a PPi-detection enzyme; and )
optionally a transgene specific primer which hybridizes to the transgenic DNA and is
' recognized as a primer by a polymerase, wherein the polymerase replicates the transgenic
DNA.

19
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<212> DN11 <213> Primer <400> 1 agtatccttc
gcaagaccct tcctc 25 <210> 2 <211> 25 <212> DNA :

. <213> Primer <400> 2 gcattcagag aaacgtggca gtaac 25 P
<210> 3 <211> 25 <212> MgA <213> priner <400> 3
attgatgtga tatctccact gacgt 25 <210> 4 <211> 25
<212> DNA <213> Prinmer <400> 4 Catatccaaa tgaaatgaac
ttcct 25 1 WD 2004/090167 PCT/ S&004/ 000093 <210> 5
<211> 21 <212> DNA <213> Prinmer <400> 5

4. The kit of claim 13, wherein the detection enzyme means comprises luciferin and

luciferase.

15. The kit of claim 14, wherein the detection enzyme means comprises ATP sulfuryiase
 and luciferase.

16. The kit of claim 13, wherein the transgene specific primer hybridizes to a transgene that

provides herbicide resistance.

17. The kit of claim 16, wherein the transgene specific primer hybridizes to a transgene that
provides resistance to the herbicides selected from glyphosate and glufosinate.

18. The kit of claim 13, wherein the transgene specific primer hybridizes to a transgene that

provides insect resistance.

19. The Kit of claim 13, wherein the transgene specific primer is selected from SEQ 1D NOS.
110 29.

20. The method of claim 1, wherein the oligonucieotide primer is selected from SEQ ID
NOS. 1-29. '

21. A method of detecting a transgene of a genetically modified organism in a sample that
may contain nucleic acid from the genetically modified organism wherein the nucleic acid of the
transgene is replicated and detected as release of pyrophosphate the method comprising:
- adding an ohgonucleotlde primer selected from SEQ ID NOS. 1 to 29 to the sampEe
subjecting the sample to a polymerase reaction; and
detecting the release of PPi;
wherein the release of PPi indicates the presence of a transgene in the sample.

20
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ccacgtcttc aaagcaagtg ¢

21 <210> 6

<211>. 25 <212>

: 13> Prinmer <400> 6 tcctctccaa atgaaatgaa cttcc
wo ionFE ST TUTTL o5 oa15 DA Soias PrT aGICHSGDOHImS3

attgatgtga tatctccact. gacgt

25 <210> 8 <211> 20

<212> DNA <213> Pri <400> 8 ttatcctagt ttgcgcgcta
20 <210> 9 <211> 25%&@&(&&&3@%& Priner <400> 9

<210> 10 2 WO .. .
2004/ 090167 PCT/ SG2004 03%3’55%5“““’ : 3

<ll0at craeaed aaest 83990~

<120> DETECTION OF TRANSGENES
USING BYRO LUMINESCENCE

<130> 2577-158

<160> 29

<170> -PatentIn version 3.3
<210> 1

<211> 25

<212> DNA

<213> Primer

<400 1
agtatectte graagaccot tocte
25 _ ‘

- w210 2
<211> 25
<212> DNA
<213> Primer

<400> 2

geattcagay amacgtggcea gtaac
25

<210> 3
<2)1l1x 25
«<212> DNA
<213» Primer

<400> 3

attgatgtga tatctecact gacgt
5

<210= 4
«211> 25

- <212 DNA
<213> Primer

<400> 4

cctetocaaa tgamatgaac tiec
25 :

OF GENETICALLY MODIFIED ORGANISMS



<211> 25 <212> J)NVA <213> Priner <400> 10 tgccctataa

atg tgctt 25 <210> 11 <211> 25 <212> ANA
“K)mﬁgﬁéﬂgériner <400> 11 cggat ggt cc tt at gcaat PCITISG2804/00693
0 <210> 12 <211> 22 <212> DNA <213> Prinmer <400> 12
ctctcggcgt agatttggta ca 22 <210> 13 <211> 25 . <212>
<o DA <213> Prinmer <400> 13 agattcttca ctacgatgca
¢21ﬂ§0t 1 25 <210> 14 <211> 22 <212> DNA <2135er|ner
¢21f§OQEN%4 t ggacaacaa occaaacatc' as

<213» Primer

<400> 5

ccacgtettc aaagcaagtg g
21

<210» §
<211>, 25
212> 1DNa
<213> Primer

<4d00> & :
teoctoctocaa atgaaatgaa oktce
25

<210= 7
<21li> 25
<d12> DNA

" <213 Primer

<400> 7
attgatgtga tatctecact gacgt
25

<210> @8
<211l> 20
<212 DNA
<213> Primer

<400> 8
ttatcctagt ttgegegeta
20

«210> o
<211 25
<212> DNA
<213> Primer

<400> 9
tatctcggct gacgtaaggg atgac

<210>= 10




22 <210> 15
004/ 000093
wo ity

-<212> DNA <213> Priner

<2198cagegat ca ac
<2161 Mgy
<211> 19

<21963C9334e- 9t aageag

<400

<211> 26 3 WD 2004/ 090167

<212> DNA <213> Priner <400> 15

tgg ttttaggaat tagaaa 26 <210> 16 ELTE&200%/000093

<400> 16 ggacaacaac

22 <210> 17 <211> 19 <212> DNA- <213>
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