| SOVETRI C PRI MER EXTENSI ON METHOD AND KI T FOR DETECTI ON AND QUANTI FI CATI ON
OF SPECI FI C NUCLEI C ACID 5 BACKGROUND OF THE | NVENTI ON The present
.invention is related to a nmethod for detecting and quantifying specific DNA
or RNA by using an isonetric priner extension (i PE) nethod. Conventional

met hods for detecting and quantifying special sequences of nucleic acids
such as DNA and RNA include southern blotting, northern analysis, and 10
RNase protection assays, and Pol ynerase Chain Reaction (PCR), anong ot her
met hods. However, if the detection of a specific RNA species in a sanple is
considered, Northern blotting and RNase protection assay present |limtations
in efficiency, |abor intensiveness, accuracy, high cost, sensitivity,
greater RNA sanple requirenent, specialized equipnent, and a | arge anount
of bi o- hazar dodSOMETRIC BRIMETOEXATEN SEGN METHOD ANDAGET AR generated. I n
particul ar, both NDETECTIGNAND QUANTIFREIATION OFSRECIFRSSay require 2-3
days for conpletlon of the anal yRgCLEIC A&8gy tion, Northern blotting
requires running a RNA gel, transferring the RNA to a solid support,
preparing a probe, and carrying out a hybridization reaction. The
sensitivity reqU|renent is a5 g sanple for adequate sensitivity. Northern
blot ig 2 ) : TR hybri di zati on between the target and

t he probe 'nu Ne cost per reaction is fairly high, as

is the anount bi ohazar dous an r adi oi sot op| ste rrat rial that are
generated. Si mQﬁhSrl?rﬁsenRI\!&?é“%‘F ot é"é%thﬁoa"s fii E‘f§t“28 3n é&‘f‘émﬂfd”}gbt ain the

appropri at paring tenpl ate
DNA, prepaS Fcﬁggﬁwéi %mebo}ﬁgﬁﬁ%%ﬁgﬁlﬁgmﬁg?ﬁ ﬁﬁeﬁlg Oﬁgmﬁ&rt&“ﬁu on, enzyne
di gesti on reactGCamwentamdl mﬂnhndsgfoa dpedcting nandr qmntrfynngmpaclml geqmdnafeesuﬂ ts, al

sanpl e o e target RNAis re princi pl e behi nd RNase
gr ot g‘ét | Oﬁluaggcaafgqaéss%gh M&Qq %IH :nclu%e southern bllot'?lhgpz northernI analysis, and

10 RNase protection assays, and Polymerase Chain Reaction (PCR), among other

methods. However, if the detection of a specific RNA species in a sample is

considered, Northern blotting and RNase protection assay present limitations in

efficiency, labor intensiveness, accuracy, high cost, sensitivity, greater RNA sample

requirement, specialized equipment, and a large amount of bio-hazardous and

15  radioisotopic waste material that are generated. In particular, both Northern blotting

and RNase protection assay require 2-3 days for completion of the analyses. In

addition, Northern blotting requires running a RNA gel, transferring the RNA to a

solid suppoﬁ, preparing a probe, and carrying out a hybridization reaction. The

sensitivity requirement is a 5 pg sample for adequate sensitivity. Northern blot is

20  based on the principle of hybridization between the target and the probe nucleic acid.

Moreover, the cost per reaction is fairly high, as is the amount of biohazardous and
radioisotopic waste material that are generated.

Similarly, RNase protection assay requires 2-3 days to obtain the appropriate

results. The experirriental procedure requires preparing template DNA, preparing

25 RNA probe, carrying out hybridization reaction, enzyme digestion reaction, and

running a gel. In order to obtain good results, a 1 pug sample of the target RNA is

required. The principle behind RNase protection assay is a combination of
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hybri di zati on and enzyne digestion reactions. As in the Northern blotting
nmethod, it 1is expensive to carry out this reaction. Furthernore,

. bi ohazardous and radi oi sotopic waste products are generated in high
anounts. A chart conparing the various factors associated with Northern
blotting, RNase protection assay and the nultiple priner 5 extension nethod
of the present invention is set forth in Table 1. U S. Patent No. 5,846,710
di scl oses using a primer extension technique to screen for variant DNA

nol ecul es. However, this patent does not disclose detecting a target DNA or
RNA in a sanple. U S. Patent No. 5,994,079 discloses form ng an RNA/ DNA
hybrid by 10 annealing a DNA priner to a specific RNA and extending the
prinmer by using reverse transcriptase. The hybrid is detected by an

anti body dpéeatfzadod aid émxemNA¢dNBn rdaytivnsd. Ad-Hovde dNorthHehi Blophiganéthd@es not

di scl ose detecting a target DNA or RNAin a sanple as in the present

i nvent i on.1s FXPENSIVE de 6amY PEt thinesactiofer Burthermores iphiazardens and: radipisotopigicl ei ¢

ot of f oot yprahi TR Weiin SRPudRLR,, KARA PRl MRk Sy SRR

i nventi on @socited WitheNoRRdrei BiGEhg RIS Brotétibn Glssdyhgse tHeemdRipl SpIBRY OF THE
| NVENTI ON 20 The present invention has net the herei nbefore described need.

The pr éserfixténgiparinethed pitheipreseataavention issst fasth indrablget.ecti ng or quantifying a

target nucleic I §. 1N S opprising: (a). preparing a i.mer . or

ot per s Spect 11 981 R et L EReHsr Bina AuatTSSR SR iR i e
nucl ei ¢ acdcebenddr (dianB DR ol@uled SHHK bVER! thRpakint @BEsSndt [dldse ettty 4 he
target nucleic acid under high stringency conditions to obtain a priner 2

nucl ei ¢ acieezeDdllerr BNA ing spmdfet er mi ned position of the target
U.S. Patent No. 5,994,079 discloses forming an RNA/DNA hybrid by

10  annealing a DNA primer to a specific RNA and extending the primer by using reverse
transcriptase. The hybrid is detected by an antibody specific for the RNA/DNA
hybrid. However, this patent does not disclose detecting a target DNA or RNA in a
sample as in the present invention.

It is recognized that there is a need in the art for a nucleic acid detection

15 method that is simple, costs less time, is sensitive, cost effective and has a low
adverse environmental impact. The present invention as described hereinbelow meets

all of these needs.

SUMMARY OF THE INVENTION

20 The present invention has met the hereinbefore described need.
The present invention is directed to a method for detecting or quantifying a
target nucleic acid in a sample comprising:
(2) preparing a primer or primers specifically matched to a
predetermined position of the target nucleic acid;
25 (b) annealing the primer or primers from (a) with the target nucleic

acid under high stringency conditions to obtain a primer-



nucleic acid; (c) mxing the primer-nucleic acid duplex from(b) with a

m xture conprising: 5 (1) one or two or three types of free non-term nator
-nucl eotides and at | east one type of non-term nator nucleotide that is
optionally labeled with a detectable marker, and (2) with or without a type
of term nator nucleotide that is 10 different fromthe one or two or three
types of non- term nator nucleotides in (1); (d) performng the priner
extension by enzymatic or chem cal reaction in an appropriate buffer; and
either (e) detecting or quantifying the anount of |abeling signal on the 15
pri mer extended nucleotides, or (f) detecting or quantifying the amount of
extended priners by mass spectronetry. In the above nethod, the priner can
be a nucleic acid primer, an oligodeoxyribonucl eotide, an

ol i gori bonucl eotide, or aueleRacid@ipled at2Re pleOtymhibenpeditd otk dargéld
ribonucleic acid. The nucleic acid of interest can be a deoxyribonucleic

acid, a ribonuclei c aC| d nuéllelcaﬂc@opol ymer of deoxyr| bonucleic acid and

(ibonucl el ¢ act 0. | pepyRlBEAK S GTRRGTEAL sy liae oBE AOL RN roIRY | ¢ usi ng @

nucl eoti des as foIIows cémpfigihgdATP, dCTP dGTP ddTTP or ddUTP, (b) dATP,
dCTP, dTTP or dUTP, ddGTP, ( c) dATP, dGTP, dTTP or dUTP, ddCTP, (d) dCTP,
dGTP, 8TTP, or dUTP, ddA'(P) one or two or three types of free non-terminator

nucleotides and at least one type of non-terminator
nucleotide that is optionally labeled with a detectable
marker, and
(2) with or without a type of terminator nucleotide that is |
10 | different from the one or two or three types of non-
terminator nucleotides in (1);
(d) performing the primer extension by enzymatic or chemical
reaction in an appropriate buffer; and either
(e) detecting or quantifying the amount of labeling signal on the
15 primer extended nucleotides, or
(f) detecting or quantifying the amount of extended primers by mass
spectrometry.
In the above method, the primer can be a nucleic acid primer, an
oligodeoxyribonucleotide, an oligoribonucleotide, or a copolymer of
20  deoxyribonucleic acid and ribonucleic acid. The nucleic acid of interest can be a
deoxyribonucleic acid, a ribonucleic acid, or a copolymer of deoxyribonucleic acid
and ribonucleic acid.
In a preferred embodiment, the method may comprise using a mixture
comprising a combination of non-terminator and terminator nucleotides as follows:
25 (a) dATP, dCTP, dGTP, ddTTP or ddUTP,
(b) dATP, dCTP, dTTP or dUTP, ddGTP,
(c) dATP, dGTP, dTTP or dUTP, ddCTP,

(d) dCTP, dGTP, dTTP, or dUTP, ddATP,
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3 (e) dATP, dCTP, dGrIP, (f) dATP, dCTP, dTTP or dUTP, (g) dATP, dGTP, dTTP
or dUTP, or (h) dCTP, dGIP, dTTP or dUTP. 5 The nethod of the invention may
use at |east one non-termnator nucleotide that is |abeled with a

det ect abl e marker. The detectable marker may conprise an enzyne or protein
noi ety, radioactive isotope, a fluorescent noiety, or a chemcal group such
as biotin . Mreover, the detecting or quantifying nmethod step may be
carried out by mass spectronetry. 10 Sonme of the enzynes used in the prinmer
extension reaction of the invention include a tenplate-dependent enzymne
such as E. coli DNA polynerase | or the "Klenow fragnment” thereof, T4 DNA
pol ynerase, T7 DNA polynerase, T. aquaticus DNA polynerase, a retrovira

reverse transcriptase, or_a i nation thereof These and ot her objects of
the invention will b e)ngﬁgpfiiffﬁ ‘[Ifg%rstood from 15 the follow ng

the cl oi ms. appended Har ot BN AH BT THE DRAWNGS Figure 1 - &
schematic of mnultipl égpdATP; dETPediETPOr d6dBforon to detect and 20 quantify a

speci fic DNA sequence. Figure 2 - schematic for using the nmultiple priner
ext ensi on met hod to (HefEdP, Eﬁal’q@ﬁm P¥ EURIA. DETAI LED DESCRI PTI ON OF THE

| NVENTI N 25 Theyi el of Y SRERGSH 1y L4 SGL&00A 0 IBRARML bRl dgtect i ng and
eot’l es%l y using an i

gquantifying a specific nuc eguence sometric priner
extensi on (thdPky labeiedadth a deteboabddimarket. Zkhetdeeectableanirkenmay bémpagegat DNA or RNA

in the sanple is hybridized to a , . ) )

enzyme or protein moiety, radioactive isotope, a fluorescent moiety, or a chemical
group such as biotin . Moreover, the detecting or quantifying method step may be
carried out by mass spectrometry. |

10 Some of the enzymes used in the primer extension reaction of the invention
include a template-dependent enzyme such as E. coli DNA polymerase I or the
"Klenow fragment" thereof, T4 DNA polymerase, T7 DNA polymerase, 7. aquaticus
DNA polymerase, a retroviral reverse transcriptase, or a combination thereof.

These and other objects of the invention will be more fully understood from

15  the following description of the invention, the referenced drawings attached hereto

and the claims appended hereto.

DESCRIPTION OF THE DRAWINGS

Figure 1 - a schematic of multiple primer extension reaction to detect and
20  quantify a specific DNA sequence.
Figure 2 - a schematic for using .the multiple primer extension method to

detect and quantify RNA.

DETAILED DESCRIPTION OF THE INVENTION

25 The present invention is directed to a method for detecting and quantifying a
specific nucleotide sequence by using an isometric primer extension (iPE) method.
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single or nultiple oligonucleotide prinmer. The priner(s) is then extended by
DNA pol ynerase or reverse transcriptase in the presence of one, two or
.three types of the pre-labeled free nucleotide. At |east one of the four
required types of nucleotides for 5 continuous extension is left out of the
reaction or is replaced by the corresponding type of term nator nucl eotide
such as di deoxynucl eotides. The specific target nucleic acid can then be
detected and quantified by neasuring the presence or absence of the signal
generated by the | abel on the extended primer(s). As the extended priner is
separated away fromthe free nucl eotides, the extended priner is assayed for
10 incorporation of the |abel. The prinmer corresponding to a position on the
target nucleic acid will be extended, and a popul ati on of equal |ength

(i sonetri cTo pumnmrizethe émaiadonuaé eirgetddNA onRIWA ibehawadple hagbtideedtdefinite
nunber of nucl eotides i s, sequence-dependently incprgorated.%fﬁantification

of these eHugle|oy aytiplsRigoprsieaiids RUMEr adbePEMEI() Bhgrgrendsd bhPNnber or
t of i i ) f j e t t
PA o el SEERSOSE re SRkl ih 't BREEAR FEOFAPIFR Fes dMe " O°

DNA or ples o Xtende

product i npreripbsies fregnidietidabeltdehsnund epthedoumiclhirddetypey sragradiaratoy
increased, contributing to a straonger overall signal. Thus, by conparing
t he st rengtntigpognextensiqmniallelnsibod sk rerction ouikitplated Arphe coirespording

standardi z . t . of RNA, L. ssi bl 0 det ect and/ or
quant 1y ¢ g SRERIRER ThSiar Yo R lies hartotck®  REE Bebisk bbb RlfEbner

enbodi ment acid Bgn e Gk detecledragtquaneic By mehhriadhdsrestalce of 8ken& oftant i fi ed
by neasuring the ampbunt of these equal I ength prinmer extended nucleic acid

speci es ushigpalraeserateddun thefehel pnribe lestendethprimat). of\s hg peendedqiriseariidei n t he
reaction buffer causes.the priner_ extensio 25 tp.termnate where.the

nm ssi ng nuéﬁpgf?f?cgé“@ﬁuﬁrﬁmhg@ehﬁ%ewcr%)gigﬁ’eg‘.e ?ﬁﬁ%@dap’iﬂn%r%taésay%n@trh of the
pri mer1@xt pRefRratRhM el labg. obt ai ned Many obvious variants are possible

within the real mof the present invention. For exanple, not just one type
of nucl eoti de bilhe tprRmesrcortespradingptss agfosiionl ewtheltasget nucleic acid will be

extended, and a population of equal length (isometric) primer extended nucleic acid
will be made, because a definite number of nucleotides is sequence-dependently
incorporated.  Quantification of these equally extended primers will accurately
15  quantify the number or amount of the target nucleic acid. If there are many copies of
the target DNA or RNA in the sample, the number of copies of the primer extended
product incorporating the labeled nucleotide will be correspondingly increased,
contributing to a stronger overall signal. Thus, by comparing the strength of the
signal observed in the unknown sample with a standardized known amount of DNA
20 orRNA, it is possible to detect and/or quantify the amount of the target DNA or RNA
in the sample. In another embodiment, the specific target nucleic acid can be detected
or quantified by measuring the amount of these equal length primer extended nucleic
acid species using mass spectrometry method.
The lack of a free nucleotidein the reaction buffer causes the primer extension
25  toterminate where the missing nucleotide would have been inserted. Thus, a discrete
length of the primer extension product is obtained
Many obvious variants are possible within the realm of the present invention.

For example, not just one type of nucleotide but two or three types of nucleotides
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5 maybe absent in the priner extension reaction. Also, various |abels could
be used, which are not limted to radioactive nucleotides but can be
.fluorescent, as well as enzymatic. As used herein, "nucleic acid" or

"nucl eotide" can be a deoxyribonucleic acid, 5 a ribonucleic acid, or a
copol ymer of deoxyribonucleic acid and ribonucleic acid. The sanple of
nucl ei ¢ acids can be natural or synthetic. The sanple of nucleic acid can be
naturally occurring nucleic acid, and can be obtained from any organi sm
Some exanples of organisns to which the nmethod of the present invention is
applicable include plants, mcroorganisns, viruses, birds, vertebrates,

i nvertebrates, mammals, 10 human bei ngs, horses, dogs, cows, cats, pigs, or
sheep. The target nucleic acid can occur naturally, or can be synthesized

enzymat i cahiybel dbstit\if thé prifnBe skéRdon englioMt iAled, laribls Wbkl GouRl béMHdhesi zed
non-enzymatically. The sanpl e containing the nucleic acid or acids of

i nterest cuhick@npnpis Bmitge e rrdiomtixe inuglephdesobujaeanshy flrMaseenarpscvélbas
t her eof , or,,CINA. prepar ed from 15 RNA transcripts thereof. The sanple
cont ai ni ng MPHEMucl ei ¢ acid or acids of interest can al so conprise

extragenom ¢ DK figedepdin, O'hgelBicidid" RNAmidlgsRier e Be b ieb82fbonddleic GBINA
prepared from RNA transcripts thereof. Al so, the nucleic acid or acids of

i nterest canbyrckimddgiracepplymehef gesxyriberusdeie heidrand abomiadeic agideTheicl ei ¢
acid of interest.can.conprise non-natura ucleotide apal ogs such , 20 as
deoxyi nos K oA GIHE AT e nby Bl E e AL TR R P Dua
dupl exes apghaly Rc@rin@Wni]diE 1aBRI A8NGa! b @b dERbAN AP RréARe! | §omé 0 occur
in a double-stranded Sanple w thout conpletely separating the strands. The

nucl ei ¢ acéxdmpiesi oft engaysme am vdueipthiesmethné afrthenpresentinyentem ishepplipabler t

affinity separation of. the nucleic acigd of interest.fromthe uni ncorporated
Hagont | SBCEARRA RclbfaBimsr syt vekT o, iAoty BRmaRor

er est can

comprie Dhhdd'bdREs oRRS MG, B84, NMatsy pRRPBF RhEITHR 1at i lbiElceAchd @6H 4 Of
por-at ed
occur naturally, or can be synthesized enzymatically in vivo, synthesized
enzymatically in vitro, or synthesized non-enzymatically.
The sample containing the nucleic acid or acids of interest can comprise
genomic DNA from an organism, RNA transcripts thereof, or cDNA prepared from
15 RNA transcripts thereof. The sample containing the nucleic acid or acids of interest
can also comprise extragenomic DNA from an organism, RNA transcripts thereof, or
cDNA prepared from RNA transcripts thereof. Also, the nucleic acid or acids of
interest can be synthesized by the polymerase chain reaction.
The nucleic acid of interest can comprise non-natural nucleotide analogs such
20  as deoxyinosine or 7-deaza-2-deoxyguanosine. These analogues destabilize DNA
duplexes and could allow a primer annealing and extension reaction to occur in a
double-stranded sample without completely separating the strands. _
The nucleic acid of interest can comprise one or more moieties that permit
affinity separation of the nucleic acid of interest from the unincorporated reagent
25  and/or the primer. For example, the nucleic acid of interest can comprise biotin which
permits affinity separation of the nucleic acid of interest from the unincorporated

reagent and/or the primer via binding of the biotin to the avidin family of molecules,

which is attached to a solid support. The sequence of the nucleic acid of interest can
6



reagent and/or the primer via binding of the biotin to the avidin famly of
nol ecul es, which is attached to a solid support. The sequence of the
.nucleic acid of interest can 6 conprise a DNA or RNA sequence that permts
affinity separation of the nucleic acid of interest fromthe unincorporated
reagent and/or the primer via base pairing to a conplenmentary sequence
present in a nucleic acid attached to a solid support. The nucleic acid of
interest can be |abeled with a detectable marker; this detectable 5 marker
can be different fromany detectable marker present in the reagent or
attached to the primer. In this regard, the term"normal nucleotide" or
"normal base" is defined as the wld-type or previously known standard
nucl eoti de base fromwhich a nutation is sought to be identified at the
base sit e.coBiprisé b DNIAE RNK keplehetethbes@mits bfinityGeps@toR by thkQukRRMeipase,
whi ch may include wild-type or a known nutant base so |ong as the base is
known and dftinfesesti&ont the wrndonparated geagent and/or theuprimers vianbask paping, tormr mal
base can he known Wi | d-type base for, whic tion.,s sought at the
posi t on. RAFLERYY stk Kb o pAYAHATL ol uk S +BPOIATER « he
presence QfucRidVatid- b Btere@S€an Be 1RGN vit atdbeech P th@Rer; Ahikeddiatdotel y, the
known normal base can be a known nutant 15 for which another mutant variant
base i § sovgker canthgrdiffercat fromenywicteothblef matker piepsnt in therreagant beattqgehed ed t o
any known s ﬁt‘;ence that can be used to determne the presence of any other
base vari ant™a®" e site. As used herein, the term"priner" or
"ol igonucl eoti dg tRfsir8RIEd, thete@mS nbAnAMucRbli@OHCheMhd] baseMis abfinedl (gapabl e of
acting as a point of Tnitiation of synthesis when 20 placed under
condi t i onswildr&tpeadr pravibusly dynwhetdnd arsl neclgntidediase foen sihath pmodateon whi ch is
conpl ementary, to . a.nucleic acid (te afe) ,strand, .in the presence of
TarTous RS b8 HTIEEY by Beas, R By S eTE RO bEtEy RUENER A Dua
pol y”elroa_seknomafs@,tw m%&%&&aé&fwwp@dﬂ %nB0d Rbtanti8e sS 1oy aPfHeBake 1S
alternatively defined as any nucleic acu% f ragnment

is known and it is desired to know its variant. Thus, as an example, normal base can

be a known wild-type base for which a mutation is sought at the position. Reversely,
the known base can be a known mutant for which the presence of a wild-type base is
sought at the position. Alternatively, the known normal base can be a known mutant
15  for which another mutant variant base is sought. Therefore, the method of the
invention can be applied to any known sequence that can be used to determine the

presence of any other base variant at the site.
As used herein, the term "primer" or “oligonucleotide primer” refers to an
oligonucleotide which is capable of acting as a point of initiation of synthesis when
20  placed under conditions that allow for synthesis of a primer extension product which
is complementary to a nucleic acid (template) strand, in the presence of various
- factors such as for example, nucleotides and enzymes such as DNA polymerase, and

at a suitable temperature and pH.

The term "primer" is alternatively defined as any nucleic acid fragment
25  obtained from any source. For example, the primer can be produced by fragmenting
larger nucleic acid fragments such as genomic DNA, cDNA or DNA that has been
obtained through PCR. In other words, the nature of the primer is not limited by how

the primer is obtained, whether it be by fragmenting naturally or synthetically
7



25 obtained fromany source. For exanple, the priner can be produced by
fragnmenting larger nucleic acid fragnents such as genom c DNA, cDNA or DNA
‘that has been obtained through PCR In other words, the nature of the
primer is not l[imted by how the priner is obtained, whether it be by
fragmenting naturally or synthetically 7 occurring nucleic acid or by
synthesi zing the nucleic acid priner. Furthernore, the priner can be

ol i godeoxyri bonucl eoti de, a copol yner of oligodeoxyribonucl eotides, an

ol i gori bonucl eoti des, a copol yner of ribonucl eotides, or a copol yner of
deoxyri bonucl eoti des and ri bonucl eoti des. The primer can be either natural
or 5 synthetic. The oligonucleotide prinmer can be synthesized either
enzymatically in vivo, enzymatically in vitro, or non-enzymatically in
vitro. The ' :be L : ' Lsedet.ect abl e
mar ke canCRa T PR e e B o R B e Bice PhSagont
or att achegritrer thre bawtipedeoxgdbehweieoctid¢, ex esfolyrher efdoligodesxyriboheclpstidesr nust

possess sequengce gorresponding to the fl anking sequence at a specific 10
posi tion off ﬁﬁ%qr@é’pu_ﬁaéjt éntd tCG_POIé(HWu tr:ﬁlé?HflS?t}&lqsheornGcICQ_B?I@VB‘ér bekse to be
| dent 111 ed geolyhinBAhi¢diRs 4a° iBbhiURiorAUS! THE SRALE W BXRL it dor!
anneal ing w t nucl eotides present I n the nucleic acid of interest. One way

t o accofipl isgithetive Tte slig@icldoyile pdmeatimie sysitliesizbdiwichdr lkazireatplaHy ¢ dependent
primer be substantjally conplenentary or fully conplenmentary to the known
base sequeRE®MAiaiHar ?grmog_eh efr-swm@cﬁfx We‘f’”eaﬁhecgﬁer‘af?‘i%aé{ %fébelﬁd Mote

moi et es t RakietbdifHfe e thTRerd Rl S0UkEl SHPROderbighe ABH Bhi YeRERAIAL T On Of
the primer fromthe unincorporated reagent and/or the nuclelc acid of
interest. Sarkergfrédent inytheweigdeasor atathediey tHeutuchieadidtof linterese dn tadditidhgi t oni n,
magneti ¢ beads, and |igands, such as protein |[|igands, including antibodies.
Pr ef er abl y the premepgmiast popsesieguense cprespoadiagde therflagkingsequense at ¢ ppectiife pri mer

cini oo &osoh BEBE R sRigBh 5 ¥ uPEPELPES BF RicblIfe PITBbE LSS, 1
biotin to strephadddion, whd @Hmes mist daghetbable &f Hghridiziayposrineallhe vagquence

of the oligonucleotide o i ) ]
nucleotides present in the nucleic acid of interest. One way to accomplish the desired
hybridization is to have the template-dependent primer be substantially
‘complementary or fully complementary to the known base sequence.

15 The oligonucleotide primer can comprise one or more moieties that link the
primer to a solid support for affinity separation of the primer from the
unincorporated reagent and/or the nucleic acid of interest. Such affinity moeties
include, but are not limited to, digitonin, magnetic beads, and ligands, such as protein
ligands, including antibodies. Preferably, the moiety is biotin. In the case of using

20  biotin, the primer comprising biotin permits affinity separation of the primer from the

~ unincorporated reagent and/or nucleic acid of interest via binding of the biotin to
streptavidin which is attached to a solid support. The sequence of the oligonucleotide-
~ primer can comprise a DNA sequence that permits affinity separation of the primer
from the unincorporated reagent and/or the nucleic acid of interest via base pairing to

25  acomplementary sequence present in a nucleic acid attached to a solid support.

As used herein, the term "primer extension reaction" refers to the reaction

conditions in which the template-dependent nucleic acid synthesis reaction is carried

out. The conditions for the occurence of the template-dependent, primer extension
8



primer can conprise a DNA sequence that permts affinity separation of the
primer . fromthe unincorporated reagent and/or the nucleic acid of interest
'via base pairing to 25 a conpl enmentary sequence present in a nucleic acid
attached to a solid support. As used herein, the term"priner extension
reaction"” refers to the reaction conditions in which the tenpl ate-dependent
nucl eic acid synthesis reaction is carried out. The conditions for the
occurence of the tenpl ate-dependent, prinmer extension 8 reaction can be
created, in part, by the presence of a suitable tenpl ate-dependent enzyne.
Some of the suitable tenpl ate-dependent enzynmes are DNA pol ynerases. The
DNA pol ynerase can be of several types. The DNA pol ynerase nust, however,
be prinmer and tenpl ate dependent. For exanple, E. coli DNA polynerase | or
the 5 "Kl elf8@idn eanbacreatadeipprit, by thnRrgssnsenel asuitabty templajrofsneadente

(" Sequenaseg” T uat J . D r t [.Qvihkal vers

{ransor pt Gy, SOl (e fRieiE B MHEE AR Eerd ooy A DA HORRRSES s ver ase
coul d al soThe DN @olymer#6 en pé@f@@ma.téﬁapen@lm BogMerdte Mok YHRVABE,
different conditions nust be used, _and different tenperature ranges nay be

required fb¢ PEIRer pidiemaplaie: dependand Bott @sipdm £ 109/ BN peliserass Iugretheher ei n,

the term "pginer tensi.on,strandy.,i pgl.udes the str t is, forned
opposi t{en t %fa@%ﬁgatge%nh athgﬁeﬁ)?’egT %f ?fe[\rikt P'Peobbnrl?rr@r%ar ﬁ@g %@2?1 881&85’.‘“6

Pref er abl y ("Seflea &}, e aiyeitical DN pBlyid®dse] & d Rirbvifa r@ebrftrdnigriptagadagor at i on
of the termnator to the primer extension strand. 15 As used herein, the

t erm "t enpbatged. R&VAdpoly metpsas suehrascl e TARNS prlystenate riguldadsbeusadriand DNA,
single strand DNA and RNA ,.or any..nodi.ficatiop.thereof., .and n be,any
Tength o Soit ERaRR AT e fk uPR A bolumE B DR FELicRT sput B 4

t er m nat or and 8iffeRa tentperdtBfetfangdsindy BledqRired &siitHe BASIRIizatbnindexfonsfon C T or
U or an anal ogue that effectively 20 term nates the primer extension

react i &h wregatiens. i s i ncorporated into the primer

As used herein, the term "primer extension strand" includes the strand that is
formed opposite the template in a duplex after the primer has been added. Preferably,
the extension of the primer is terminated by the incorporation of the terminator to the
primer extension strand.

15 As used herein, the term "template" is defined as a nucleic acid, including
double strand DNA, single strand DNA and RNA, or any modification thereof, and
can be any length or sequence.

As used herein, the term "terminator” or “chain terminator” is meant to refer
to a nucleic acid base, such as A, G, C, T or U, or an analogue that effectively

20 terminates the primer extension reaction when it is incorporated into the primer
extension strand opposite the template strand. Preferably, the terminator is a
dideoxynucleotide. Also preferably, the terminator is either unlabeled or is labeled so
that it is distinguished from the label on the non-terminator. Also as used herein,
when the term “terminator” or “chain terminator” are referred to in the singular, it

25  does not mean that a single nucleotide molecule is used. Rather, the singular form of
the term “terminator” refers to the type of nucleotide, nucleic acid base or nucleic
acid analogue that is used in the assay. For example, if the terminator is ddA, then all

of the ddA’s in the aggregate are referred to in the singular form, and not just a single
9



extension strand opposite the tenplate strand. Preferably, the termnator is
a dideoxynucleotide. Also preferably, the termnator is either unlabel ed or
.is labeled so that it is distinguished fromthe |abel on the

non-term nator. Al so as used herein, when the term"termi nator” or "chain
termnator” are referred to in the singular, it 25 does not nmean that a
single nucleotide nolecule is used. Rather, the singular formof the term
"termnator" refers to the type of nucleotide, nucleic acid base or nucleic
acid anal ogue that is used in the assay. For exanple, if the termnator is
ddA, then all of the ddA's in the aggregate are referred to in the singular
forn1 and not just a single 9 nolecule of ddA. Alternatively, the

“term nator” may be the absence of the specific type of nucleotide so that

primer ext@pktded dfdat apRettibyy! he héeknabrtigy 5@t dsenceoftheqpéddfc at the
| ocus. For exanple, if it is desired that the priner extension reaction be
st opped opipeiof ugleotisle gm thai primarpeiension isaneppedhiey Htmla@brqﬂthatspmﬁmses A,

T2 R e B bl RS B Ry Rt o
conpl ement gy éfoﬂié‘él% Fy%)h{e L'qUSEh the Qétﬁ})l'&@t dt@Rd Ghe hbﬁlté}hhﬂiﬁfng%ﬁe%% IP 'él?dl eaction

wth a simlar resu as adding a di deoxy term nat or nucl eoti de,
exanpl . Ag sheeld beandiged intthe pemm extonsioreraacien orxturg; bitnot-'Gfiavhichas i nat or "

i ncl udes 0 a n ti Joase that .does term.nate th ext nsi on

ot om WEOrPIER] ot D AR R abeeiE el P R b B St iSe

Pref er abl ytertﬁﬁlah&%f th@'b%xﬂ?:?@xﬂeﬁﬁﬁh Pé%k%n with ataﬂﬁnlﬂrr tedElE a@é&cﬁﬁ?h%lﬂe(&gﬁc“ on is
| abel ed. Al so as used herein, when the term "non- term nator non-chai n

t er mi nat ortbrramtqraﬁdamtgist fog ekamplee si ngul ar, |t does not nean that a single
nucl eoti de nol e uIe use&)& Rat her, the S|,ncc)1r ar formof, the,term "non 15

term nator" ref Fé“set ‘t‘ﬁ@ SETHRGETRIBRIOHOT MPLrARE EPiRaons Mchides, yc| ei ¢

aci d apgl OQUﬁlcléo'ﬁ%E bade Ut%@fj do@strﬁﬁ Arfihte RS e%esaﬁmneredctloﬁ henderdmigator is
G then all of the Gs in the aggregate are referred to in the singular

for m and m(obrgorfsd:d mtcsthng:lrmamk@nube sondsPréferabbedt leasteone, nomlftermlaatm "mut ant "
or "mitati Slnthe Ipplglle(r: %}(t%gsm%l ¥eagt?c>snels rﬁ)eﬁed? Also as used herein, when the term “non-
terminator” or “non-chain terminator” are referred to in the singular, it does not mean
that a single nucleotide molecule is used. Rather, the singular form of the term “non-
15 terminator” refers to the type of nucleotide, nucleic acid base or nucleic acid analogue
that is used in the assay. For example, if the terminator is G, then all of the G’s in the
aggregate are referred to in the singular form, and not just a single molecule of G.
As used herein, the term "mutant" or “mutation” indicates any base on the
template strand that is different from the wild-type or normal base. The mutation that .
20  can be detected using the method of the instant invention can be any type of mutation
at all, including, single base mutation, insertion, deletion, or gene translocation, so
long as the base on the template directly opposite to the base immediately 3' to the
annealed primer is affected.
As used herein, the term “label” refers to any molecule that is linked to the
25  terminator or non-terminator nucleotide to provide a detectable signal. The label may

be radioactive, chemiluminescent, protein ligand such as an antibody, or if a

fluorescent group is used, a different fluorescent group may be used for each type of
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tenplate strand that is different fromthe wild-type or normal base. The
mutation that 20 can be detected using the nethod of the instant invention
can be any type of nutation at all, including, single base nutation,
insertion, deletion, or gene translocation, so long as the base on the
tenplate directly opposite to the base i Mmediately 3' to the annealed
primer is affected. As used herein, the term"label" refers to any nol ecul e
that is linked to the 25 term nator or non-term nator nucl eotide to provide
a detectable signal. The | abel may be radioactive, chem | um nescent,
protein ligand such as an antibody, or if a fluorescent group is used, a
different fluorescent group nmay be used for each type of 10 non-term nating

nucl eot i dendieRemindhigs Quélkstilects@e Mhdsagrovarud thgyvRotildenape eRepiapery ofhavi ng
spectroscopical ly di stl_ngw shabl e emi ssion spectra. Alternatively, the
net hod of kpein speefresgopinely distenguishablg earigsdnainiestia.of a nucl eotide base in

Lochni ques ae. couRaR T Lt nEfde B PEATMIGRtE 21 TERS e nigBGREor X

i ncor por at Agtléuekiei PaseY if &ther figer | dktdnsdneprodiRt YoanAbe URRESURGT @yn.mds§e phrase
"hi gh stringency hybridization conditions”" refers to nucleic hgdb” di zation

condi t ionsspesiremetsy tbehniques dsi ererygdified m WaShPaiendiNo. ond8%%7790. wMelsds at 42C.

Hybri di zati on _condj tian enerally. can. be found in general 10 Ml ecul ar
Bi ol ogy pr 8EBWE lb%%‘?%¥gﬁﬁre5‘§eﬂﬁ‘§%%ﬁret§t al., Current Protocols in

Mol ecul ar Bi ol ogy y§&dEiRnéin e pWas& Yhigh WingbddHybridatien cbiifidHzOrdtersabed
herein by reference inits entirety. As uséd herein, "thin | ayer

chr omat ogr apsic (pbajlizatem chreditens; issch @atbut mapapeited nedi wastbasmditiom ofel | ul ose
products. Bl S Be, RS, pny, Substance Lhat,a Love TRt 12 molequles to
DUt 5100 AT ey BB o PEORERTER Dy i v ety o
i ncl ude, bMbolatikr Biblogy Greene and Wiley, pub. (1994), which is incorporated herein by
reference in its entirety.
As used herein, "thin layer chromatography (TLC)" can be carried out in paper
medium based on cellulose products, but can be made of any substance that allows for
1S molecules to be finely divided and formed into a uniform layer. This substance includes,
but is not limited to, inorganic substances such as silica gel, aluminum oxide,
diatomaceous earth or magnesium silicate. Organic substances include, but are not
limited to, cellulose, polyamide, or polyethylene powder. Thin layer chromatography
methods are described generally in Chemical protocol books, such as generally set forth
20  in Freifelder, Physical Biochemistry - Applications to Biochemistry and Molecular
Biology, second ed., published by Freeman and Co. (1982), which is incorporated herein
by reference in its entirety, especially Chapter 8, which discusses chromatographic
techniques, and in particular thin layer chromatography at pages 229-232.
A modification of the method for indentifying and/or quantifying a nucleic
25  acid of interest is to separate the primer extended strand from the nucleic acid of

interest after the extension reaction by using appropriate denaturing conditions. The

denaturing conditions can comprise heat, alkali, formamide, urea, glyoxal, enzymes,
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limted to, cellul ose, polyam de, or polyethylene powder. Thin |ayer

chromat ography nethods are descri bed generally in Chem cal protocol books,
~such as generally set forth 20 in Freifelder, Physical Biochemstry -
Applications to Biochem stry and Ml ecul ar Biol ogy, seconded., published by
Freeman and Co. (1982), which is incorporated herein by reference inits
entirety, especially Chapter 8, which discusses chromatographic techniques,
and in particular thin | ayer chromatography at pages 229-232. A nodification
of the method for indentifying and/or quantifying a nucleic 25 acid of
interest is to separate the prinmer extended strand fromthe nucleic acid of
interest after the extension reaction by using appropriate denaturing
conditions. The denaturing conditions can conprise heat, alkali, fornman de,

urea, glyQxalcon®ieYioRS therddf amhd cfeﬂﬂf‘ﬁhﬂgtdoﬁﬂﬁloh?%ﬁ@%iso-r&ﬁn {rdthnRft
conditions can al so conprise treatnent 2. ON NaOH. can be

appr eci at edthod 0N Na&dEon of skill in the art that t he term nat or can be

| abeled with a glfferent l.ab fromth osﬁlg[t tﬁrmn tor, whi.ch can then be
used to 5 di f ABFEHES SRRECHEEREYA RO GIARAL INoRe gt el e AciiRatgE can be

non-t er m naleid wnhtdtalfﬁtédtqtbemcﬁﬂsh@ﬂoﬂ&ﬁmatoﬁ %ltﬂ%tﬂ PidnOfe G¥&MRI 1 fied as

being the absence of the particular type of nucl eotide in the present
appl i cat i ahffemhtyaté detvaenpinserpontiosi efplerminator ofr nod-temsirasdri mnthebptimehi s

illustration shoul d be construed imt the clains i.n any . :
Di 1 or ent | TSR anEal ey A SaPERF ARbERSiGe &{)S:‘?BC%ﬁtg?Fp BEUBHRDy 1 he
i nvention,y Kﬂ@ of hulRBAIAS, Lhe ;Jr@sleﬁt EﬂlctaBSn tcﬁﬁ}mf&agﬁfpok& gf s rﬁﬁlgﬂfy bfom the

| abel on t non-term nat or. al so be "appreciated son of
skill in tlHBStHlItlbntﬂmthlsdlubﬂﬂg)moﬁhmot beqoestoed of limhehd qunisahanysvagt | east

Such ¢ hat SRESHAG FRpebR AnETTAdETBRARChE Bl cRRBOBr . 11
Con, 280 30 AR5 BB o D i it P o
assay tube. A fleghmaBodk dppeeciatdibyl aofersdmeofi skvldmt itloenarnt shdt hsatloag aenke si gnal
can be gens%&?én%g of the template is at least partially known, a primer can be designed that
binds to the template strand such that the binding of the primer on the template strand
can occur. It can also be appreciated by a person of skill in the art that the method of
15 theinvention can be practiced by using several primers in one or more assay tube.
A feature of the method of the invention is that strong signal can be generated
if the non-terminators are uniformly labeled because of the additive signal effect
achieved by the incorporation of several labeled non-terminators incorporated in the
primer extension strand. Accuracy is enhanced when signals are observed from using
20  different labels specific to various terminators or non-terminators.
It is also an object of this invention to provide a kit and reagents for rapidly
and accurately determining the presence or absence of a target nucleic acid in a
sample quantitatively or non-quantitatively as desired. Each componént of the kit(s)
may be individually packaged in its own suitable container. The individual
25  containers may also be labelled in a manner which identifies the contents. Moreover,
the individually packaged components may be placed in a larger container capable of
holding all desired components. Associated with the kit may be instructions which

explain how to use the kit. These instructions may be written on or attached to the kit.
12



if the non-termnators are uniformy |abel ed because of the additive signal
effect achieved by the incorporation of several |abeled non-term nators
.incorporated in the priner extension strand. Accuracy is enhanced when
signhals are observed fromusing 20 different |abels specific to various
termnators or non-termnators. It is also an object of this invention to
provide a kit and reagents for rapidly and accurately determ ning the
presence or absence of a target nucleic acid in a sanple quantitatively or
non-quantitatively as desired. Each conponent of the kit(s) may be

i ndividual |y packaged in its own suitable container. The individual 25
containers may also be |abelled in a manner which identifies the contents.
Moreover, the individually packaged conponents nmay be placed in a |arger

cont ai ner capaiihe Rflowitq) gkdipled laredeffereddor WHOHE illuStranisis @€ itAE §essht h t he
kit may be instructions which_ explain howto use the kit. These

i nstruct i eMentay e np bt wen obimgptien t ached to the kit. 12 The fol | owi ng
exanples are offered by way of illustration of the present invention, and
not by way of limtation. EXAMPLE 5 Total RNA was extracted fromrat brain
by RNAzol B (Tels-tel, TX) nethod. The concentration of total RNA was
measured IBXAMPIFE260 nm absorbance. Total RNA was diluted by RNase-free

di et hyl pyrocarbonate (DEPC) treated water, 5 of diluted RNA solution with

di o1 gt amoUnt fai3evAMs Al Eted roTAlt Bra YO TIBAIAHOL Rl 1o ) dihat UDE and

I
then m xed wt het1c oligonucleo e prime

GT GCGAACCAHE Tdohc&titrafiSrQf t63aNRIN Al Jvas \Wdasiiretl ya0 SR R6ONme abbdrdigsd. t Dotal r at
brain specific cDNA (unpublished data). The RNA-priner m xture was heated at

70 C for RNMAwastdkitedrty RNessbfecdicdilpycecarmaty (HERMDdseatedfwater. qulbrf spi nni ng
i cont aidifg REATEwEH R dereRrmo s & hfielrd Bondl e el Bidtreno 15
uni ts RNasgol BAHDhIRN andl $hdk ikdd AR, 1 AFTGnttetit SlighRedidsRieapHmtPOs i t's
MM reverse transcri ptase.
10 GTGGGAACCGTGTCA-3' (SEQ ID NO:1), which is a sequence matched to a rat
brain specific cDNA (unpublished data). The RNA-primer mixture was heated at 70°
C for 3 minutes and incubated on ice for 3 minutes. After quick spinning the tube,
the primer extension reaction was started by adding 14 pl reaction mix containing
Tris-HCI buffer (pH 7.5) at final concentration of 20 mM, 15 units RNase inhibitor,
15 0.5 mM dATP, dGTP, 1 pl dCTPa*®P and 100 units MMVL-reverse transcriptase.
The reaction was performed at 37° C for 20 minutes and stopped by heating the
reaction tube at 100° C for 2 minutes. A 1 pl reaction mixture was applied to a thin
layer chromatography (TRIM USA, Maryland) to separate out free: dCTPa*?P. The
radioactivity of the labeled primer was then subjected to counting by scintillation
20 counter (Beckman LS 5000). The results are shown in Table 2.
All of the above steps involve chemistries, manipulations, and protocols that
have been, or are émenable to being, automated. Thereby, incorporation of the
preferred mode of practice of this invention into the operation of a suitably
programmed robotic workstation should result in significant cost savings and

25  increases in productivity for virtually any diagnostic procedure that depends on the
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The reaction was perfornmed at 37 C for 20 m nutes and stopped by heating the
.reaction tube at 100 Cfor 2 mnutes. A1l | reaction mxture was applied to
a thin |ayer chromatography (TRIM USA, Maryland) to separate out free
dCTPa' ZP. The radioactivity of the | abeled priner was then subjected to
counting by scintillation 20 counter (Beckman LS 5000). The results are
shown in Table 2. Al of the above steps involve chem stries, mani pul ati ons,
and protocols that have been, or are anenable to being, automated. Thereby,
i ncorporation of the preferred node of practice of this invention into the
operation of a suitably programmed robotic workstation should result in
significant cost savings and 25 increases in productivity for virtually any
di agnost i ciéctiof BT PetifdtnueRBEN SeqBndedlCor deduétRbediffbr@AcfinSRREE héids

nucl eoti de sequences or sequence differences in nucleic acids derived from
bi ol ogi cal destvepifros bialdgicat sanpdes: ef er ences cited herein are incorporated by

reference int hgllrof tl?en}elferrgr}cgé ci}eéfli hgre(%n ape inlco[%poyate% t;gy r)éfe)§enace irlf thFé)ir roectl 0

entirety. /
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,L' UP, CQai N8 C[ awa-w aa xwa3'" tr, Wt ti ti ~. L _ oE x ti
HMMWONN WCLoCHUor. .: yodW /. OCWO0 'ZR & TABLE 2 MA
~anount (ng) Labeled prinmer (cpm 20 31552 10 29756 5 26066 2 16779 1

11156 05 6587 0 6703 16 Wiat is claimed is: 1. A nethod for detecting and
guantifying an RNA transcript, or a

TABLE 2 .
RNA amount (ng) Labeled primer (cpm)
20 31552
10 29756
5 26066
2 16779
1 11156
0.5 6587
0 6703
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CDNA prepared froman RNA transcript, in a sanple conprising: (a) preparing
a primer or prinmers specifically matched to a predeterm ned position of the
target nucleic acid; (b) annealing the prinmer or priners from(a) with the
target nucleic acid under high stringency conditions to obtain a
prinmer-nucleic acid duplex at the predeterm ned position of the target
nucleic acid; (c) mxing the prinmer-nucleic acid duplex with a

non-term nator nucleotide mxture, wherein at |east one of AT, G or C
non-term nator nucleotides is omtted fromthe non-term nator nucleotide

m xture, and optionally the omtted non-term natior nucleotide(s) is

repl aced by the corresponding type of term nator nucl eotide, and wherein at
| east one Wbatieclaimatds: nucl eoti de of the non-terminator nucl eotide

m xture is labelled with a detectable marker; (d) performng isonetric
primer extension by enzymatic or chemical reaction in an appropriate buffer
to formisonetrid.ed smthod for ddtesting anhguentifying an RI¢A teansargitonr a

non- orm ndtor ey 61} e Fh RS GaMeAfe s A BB, (Vg the

anount of | abel i

t NRTEPOSHEE rd cPTIPYTNer RBYHMATS| speqifieallyt matohedriHe get hod

accordi ng tfegb@irfihed Ya8ItEMof {1 RrkPBAUEIRIPaciAMC!l €i ¢ acid priner, an
ollgodeoxyrlbonu?]eotl e, .an o| i gori bonucl eqti de, , or

a copgl mer of
deoxyri bonucl ei ¢ (Bki Rrdlng, ShecPEMETaoF PrimersHaoRet AV RBC BR%iitAE8to ¢l ai m
1, wherei n duiigeifodtid elindélahogh sttiglgeRty dendiistRoxy rdbeaiel einéienatleic

ri bonucl eoti de., 4, The . nmeth accordi ng.to clai 1, erei.n the term nator,
[t br esentaci§ dulegeeidie B pastedaosition of P targel Bicfeic at:d

(c) mixing the primer-nucleic acid duplex with a non-terminator

nucleotide mixture, wherein at least one of A/T,G, or C non-terminator
nucleotides is omitted from the non-terminator nucleotide mixture, and
optionally the omitted non-terminatior nucleotide(s) is replaced by the
corresponding type of terminator nucleotide, and wherein at least one
non-terminator nucleotide of the non-terminator nucleotide mixture is
labelled with a detectable marker;

(d) performing isometric primer extension by enzymatic or chemical
reaction in an appropriate buffer to form isometric extension products,
wherein the primer extension terminates at a target nucleic acid nucleotide
complementary to the omitted non-terminator nucleotide of (c); and

(e) detecting and quantifying the amount of label on the isometric
primer extension products.

2. The method according to claim 1, wherein the primer is a
nucleic acid primer, an oligodeoxyribonucleotide, an oligoribonucleotide, or

a copolymer of deoxyribonucleic acid and ribonucleic acid.

3. The method according to claim 1, wherein the non-terminator
nucleotide is deoxyribonucleotide or ribonucleotide.

4. The method according to claim 1, wherein the terminator, if
present, is dideoxyribonucleotide.

-17.



5. The method according to claim 1, wherein the conbination of

non-term nator and term nator nucleotide mx is: (a) dATP, dCTP, dGIP, ddTTP
or ddUTP, (b) dATP, dCTP, dTTP or dUTP, ddGIP, (c) dATP, dGTP, dTTP or
duTtP, ddCTP, (d) dCTP, dGIP, dTTP, or dUTP, ddATP, (e) dATP, dCTP, dGIP,
(f) dATP, dCTP, dTTP or dUTP, (g) dATP, dGIP, dTTP or dUTP, or (h) dCTP,
dGIP, dTTP or dUTP. 6. The nethod according to claim1l1l, wherein a detectable
marker used to label a term nator nucleotide, if present, is different from
the marker used to | abel non-term nator nucleotides. 7. The nethod
according to claim®6, wherein said detectable marker conprises an enzyne or
protein noiety, radioacti ve i sotope, a fluorescent noiety or a chem cal

group. 8. The netho accor g to Ial rei,n sal enz
t enpl at e-depende:{?t dFd‘ t‘?FGBr Bgoﬁod]]ﬁﬂ;mt (‘N}%ﬁrﬁ’r% lﬂafslﬂ@ of
tenpl at e- demﬁté@mmatmyamd t@rrﬂ%topguakbade,mﬂ% pol \>I/mrrer ase Olr‘] rever ise
transcri ptase. T i , erein the tenplate-
dependent enzyma(e?) Eﬁﬁlm&%@%ﬁ@wo hgg I’enow fragnent thereof, T4
DNA pol yner ase, DﬂlA’I}ibIdﬁfﬁP,ai;’BTP‘ﬂrdWBBhddGﬁ‘P DNA pol ynerase, retroviral
reverse transcri Q%)as T PPl L Yttpesgérp 11- The nethod according to
claim1, wherein ar get  nuclerc acidis dan hesi zed enzymatically in
vivo, in vitro, &d sgdpiE«GER, dTTP, or dUTP, d

(e) dATP, dCTP, dGTP,

() dATP, dCTP, dTTP or dUTP,

() dATP, dGTP, dTTP or dUTP, or

(h) dCTP, dGTP, dTTP or dUTP.

6. The method according to claim 1, wherein a detectable marker
used to label a terminator nucleotide, if present, is different from the
marker used to label non-terminator nucleotides.

7. The method according to claim 6, wherein said detectable
marker comprises an enzyme or protein moiety, radioactive isotope, a
fluorescent moiety or a chemical group.

8. The method according to claim 1, wherein said enzyme is
template-dependent.

9. The method according to <claim 8 = wherein the
template-dependent enzyme is DNA polymerase, RNA polymerase or
reverse transcriptase.

10. The method according to claim 9, wherein the
template-dependent enzyme is E. coli DNA polymerase I, a Klenow
fragment thereof, T4 DNA polymerase, T7 DNA polymerase, Thermophilic
DNA polymerase, retroviral reverse transcriptase, or a combination thereof.

11. The method according to claim 1, wherein the target nucleic
acid is synthesized enzymatically in wvivo, in wvitro, or synthesized

.18.



-18 non-enzymatically. 12. The nethod according to claim1, wherein the
target nucleic acid is synthesized by pol ynerase chain reaction. 13. The
nmet hod according to claim1l, wherein the target nucleic acid conprises
non- natural nucl eotide anal ogs. 14. The nethod according to claim 13,
wherein the non-natural nucl eotide anal ogs conpri se deoxyi nosi ne or
7-deaza- 2' - deoxyguanosi ne. 15. The nethod according to claim1l, wherein the
target nucleic acid conprises an RNA transcript, or a cDNA prepared from an
RNA transcript, froman organism wherein the organismis plant,

m croorgani sm bacteriumor, virus. 16. The nethod according to claim 15,
wherein the organismis a vertebrate or invertebrate. 17. The nethod
accordi ng trorcémiymaticalperein the organismis a mamual. 18. The net hod
according to claim 17, wherein the organismis a human being. 19. The

met hod according to claim 1, wherein an anplification step is perfornmed on
the target nucl eil2.adht nmhodl“mcuedihgdtoackadmdilngvhemehi dhentaggetwhecleion t he

anplificatigek 1§§3ﬁ&h%9%ﬁ' ﬁOI&eac Q@ch%%ﬁ%ﬂoﬁt' on, polynerase chain

reaction ( ase ch ron rand di spl acenent
anplification (SDA), or |oop nediated isothernmal anplification (LAWP). -19

21. The nethod acepr drg & ?)Haé&b;‘dm Elafnt }fevﬂf]ér@ﬁ{ tﬁgqa?ééteﬁuﬁlg{be or

mor e m)letlesthat permt affinity se aratlon of e prinmer
acid comprlses non-natural nucleotide analogs.

14. The method according to claim 13, wherein the non-natural
nucleotide analogs comprise deoxyinosine or 7-deaza-2’-deoxyguanosine.

15. The method according to claim 1, wherein the target nucleic
acid comprises an RNA transcript, or a ¢cDNA prepared from an RNA
transcript, from an organism, wherein the organism is plant,
microorganism, bacterium or, virus.

16. The method according to claim 15, wherein the organism is a
vertebrate or invertebrate.

17. The method according to claim 15, wherein the organism is a
mammal.

18. The method according to claim 17, wherein the organism is a
human being.

19. The method according to claim 1, wherein an amplification step
is performed on the target nucleic acid.

20. The method according to claim 19, wherein the amplification
step comprises cloning, transcription, polymerase chain reaction (PCR),
ligase chain reaction (LCR), strand displacement amplification (SDA), or
loop mediated isothermal amplification (LAMP).
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uni ncor porated reagent and/or the nucleic acid of interest. 22. The nethod
according to claiml1l, wherein the priner conprises one or nore npieties
that allows immbilization of prinmer onto a solid support to produce an

i mmobi li zed primer sequence. 23. The nmethod according to claim2l1l or 22,
wherein the noieties conprises a special chem cal group such as biotin or
digitonin. 24. The nethod according to claim2l1 or 22, wherein the noieties
conprises a DNA or RNA sequence that allows the prinmer to link to a solid
support via base pairing to a conplenentary sequence present in solid
support. 25. The nethod according to claim1l1l, wherein the priner is directly
synt hesi zed on a solid support to produce an i mvobilized prinmer sequence.

26. The met hod addofMhiengethod ha¢arddig tovblimi b, wherapntheesrimearsconauesaspl i shed
by enzymati ¢ o i . i L...:The i to
claiml1, tﬁ%wﬁ%i%@?gbgﬁkﬁgé6?$?§%§ﬁgh€%ﬁﬁgpge_fﬁtgﬁb%gﬁ%bﬁgnggggégéﬂ%n

i mmobi | i zediningomporated xagent anddrdhemusleig@cidrpfinterastd according to claim
1, wherein the priner is reversibly immobilized on to a solid support. 29.
The met hod according to claim28, wherein the prinmer can be cleaved from
the solid support%a‘}@ piethed arcording tacladimol, wheteiaaitheppimescompgusesThe

met hod accoufdi BE hers Rbidtibs MMART £11HwE N8 hBb ARl tiMC beifrimel dortd 4 naxpidi | | zed
onto a solid support to produce g ,|e§m)b| l1zed target © -20 nucleic acid
sequence. SUPPPHetoREYEE SR IO glit RIBICHSEAUGRESR-ei n t he target nucleic
acid is reversibly immobilized onto a solid support. 32. The net hod

according to clai , wherei.n the .target, nucleic : .o
g 2@ 3I;'he metilod according t% claim éf or 22, wherein the moieties

comprises a special chemical group such as biotin or digitonin.

24. The method according to claim 21 or 22, wherein the moieties
comprises a DNA or RNA sequence that allows the primer to link to a solid
support via base pairing to a complementary sequence present in solid
support.

25. The method according to claim 1, wherein the primer is directly
synthesized on a solid support to produce an immobilized primer sequence.

26. The method according to claim 25, wherein the synthesis is
accomplished by enzymatic or chemical or physical method.

27. The method according to claim 1, the primer is immobilized onto
a solid support to produce an immobilized primer nucleic acid sequence.

28. The method according to claim 1, wherein the primer is
reversibly immobilized on to a solid support.

29. The method according to claim 28, wherein the primer can be
cleaved from the solid support by a chemical, enzymatic or physical process.

30. The method according to claim 1, wherein the target nucleic acid
is immobilized onto a solid support to produce an immobilized target
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acid can be cleaved fromthe solid support by a chem cal, enzymatic or

physi cal process. 33. The nethod according to claim?27, 28, 30 or 31,
wherein imobilization is acconplished via a photocl eavabl e bond. 34. The
met hod according to claim?22, 24, 25, 27, 28, 30 or 31, wherein the solid
support conprises beads, flat surfaces, chips, capillaries, pins, conbs or
waf ers. 35. The nethod according to claim?27, 28, 30 or 31, wherein said

i mmobi li zation is acconplished by hybridizati on between a conpl enentary
capture nucleic acid nol ecul e, which has been previously inmobilized to a
solid support, and a portion of the nucleic acid nolecule, which is distinct
fromthe target nucleic acid sequence. 36. The nethod according to claim 27,
28, 30 or 31, ,wherejn said inmobilization is acconplished via direct

bondi ng befﬂgﬁﬂcFﬁﬁi§ﬁﬂqﬁyceSUpport and a portion of the nucleic acid

nol ecul e, which is distinct from the target nucleic acid sequence.

21
SEQUENCE LI STI NG4+< > gﬁg =1 Mﬂﬂ i t < > | tric
Primer Extensionl 'ﬁ‘rquaman. .%Kliiggo olrn%ﬂgt ec I?Qx%hfﬁgi&an?#ﬁe%égﬂgﬁlg%@
Speci fi ¢ Nuslreversidy dmmaeiotizod0dts a solidsuppoatl> <150> US 60/ 209, 987 <151>
2000- 06- 08
32. The method according to claim 31, wherein the target nucleic
acid can be cleaved from the solid support by a chemical, enzymatic or
physical process.

33. The method according to claim 27, 28, 30 or 31, wherein
immobilization is accomplished via a photocleavable bond.

34. The method according to claim 22, 24, 25, 27, 28, 30 or 31,
wherein the solid support comprises beads, flat surfaces, chips, capillaries,
pins, combs or wafers.

35. The method according to claim 27, 28, 30 or 31, wherein said
immobilization is accomplished by hybridization between a complementary
capture nucleic acid molecule, which has been previously immobilized to a
solid support, and a portion of the nucleic acid molecule, which is distinct
from the target nucleic acid sequence.

36. The method according to claim 27, 28, 30 or 31, wherein said
immobilization is accomplished via direct bonding between the solid
support and a portion of the nucleic acid molecule, which is distinct from
the target nucleic acid sequence.
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<150> US <151> 2001-05-23 <160> 9 <170> Patentln Ver. 2.1 <210> 1 | <211>
15 <212> DNA <213> Artificial Sequence <220> <223> Description of
“Artificial Sequence:synthetic oligonucleotide <400> 1 gtgggaaccg tgtca 15
<210> 2 <211> 70 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:synthetic oligonucleotide <400> 2
t gat cagcag gctgaaatcg tcgtggattg caacgacgcc gacgattctc gtcctttaag 60 ~_-
gcgatagcat 70 <210> 3 <211> 16 <212> DNA <213> Artificial Sequence

SEQUENCE LISTING

<110> WANG, Xiao B.
MORISAWA, Shinkatsu

<120> Isometric Primer Extension Method and Kit for Detection

and Quantification of Specific Nucleic Acid
<130> 900315

<1405
(; <1415

<150> US 60/209, 987
<151> 2000-06-08

150> US
<151> 2001-05-23

<160> 9
{170> PatentIn Ver. 2.1

210> 1
C 211> 15
<212> DNA
213> Artificial Sequence

220>
<223> Description of Artificial Sequence:synthetic

oligonucleotide

<400> 1

gtgggaaccg tgtca 15



<220> <223> Description of Artificial Sequence:synthetic oligonucleotide
<400> 3 tcgtcggcgt cgttgc 16 <210> 4 <211> 12 <212> DNA <213> Artifici al
‘Sequence <220> <223> Description of Artificial Sequence:synthetic

ol i gonucl eoti de <400> 4 aaaggacgag as 12 <210> 5 <211> 70 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial '

Sequence: synthetic oligonucl eotide <400> 5 ugaucagcag gcugaaaucg ucguggauug

caacgacgcc gacgauucuc guccuuuaag 60 gcgauagcau 70 <210> 6 <211> 8 <212>
DNA 210> 2

211> 70
<212> DNA
<213> Artificial Sequence

2200

<223> Description of Artificial Sequence:synthetic

oligonucleotide

<400> 2

tgatcagecag getgaaatcg tcgtggattg caacgacgee gacgattcte gtectttaag 60
(” gcgatagcat 70

<210> 3

<211> 16

<212> DNA

<213> Artificial Sequence

220>
€223> Description of Artificial Sequence:synthetic

oligonucleotide

<400> 3

Q, tcgteggegt cgttge 16

210> 4

211> 12

<212> DNA

<213> Artificial Sequence

220>
<223> Description of Artificial Sequence:synthetic

oligonucleotide



<213> Artificial Sequence <220> <223> Description of Artificial

Sequence: synthetic oligonucl eotide <400> 6 gcctgctg 8 <210> 7 <211> 9

. <212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: synthetic oligonucl eotide <400> 7 ccacgacga 9 <210> 8 <211> 8
<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: synthetic oligonucl eotide <400> 8 ttaaagga 8 <210> 9 <211> 5
<212> DNA

<400> 4

aaaggacgag aa 12

210> 5

<211> 70

<212> RNA

<213> Artificial Sequence

220>
<223> Description of Artificial Sequence:synthetic

oligonucleotide

<400> 5

ugaucagcag gcugaaaucg UcCgUggauug caacgacgec gacgauucuc guccuuuaag 60

gegauageau 70

<210> 6

211> 8

<212> DNA

<213> Artificial Sequence

220>
(H <223> Description of Artificial Sequence:synthetic

oligonucleotide

<400> 6
geetgetg 8

210> 7

211> 9

<212> DNA

<213> Artificial Sequence



Sequence: synt hetic

<213> Artificial Sequence <220> <223> Description of Artificial
ol i gonucl eoti de <400> 9 gattt 5

<220>
{223> Description of Artificial Sequence:synthetic

oligonucleotide

<400> 7

ccacgacga

<210> 8

211> 8

<212> DNA

213> Artificial Sequence

<2205
<223> Description of Artificial Sequence:synthetic

oligonucleotide

<400> 8
ttaaagga

<210> 9

211> 5

<212> DNA

<213> Artificial Sequence |

220>
<223> Description of Artificial Sequence:synthetic

oligonucleotide

<400> 9
gattt



