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to the field of nucleic acid sequence detection. The invention rel-a to
a nethod of detecting any type of nutation at a predeterm ned nucleic

acid base site of interest. The present invention is directed to a nethod
called shifted termnation analysis, also known as specific term nation

assay, or shifhpfidt 6F SR e{‘g?";’ﬁi’ﬁm“M%C%Wﬁ?éhiﬂﬁfﬁﬁm@” ated as
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(1991); Joslyn et al., Cell 66, 601-613 (1991); N shisho et al., Science
253, 6GeHigEEnt vhiphoan aflhe abg’%’éﬁﬁ%fl?'%sT‘%sert ion nutation in which a single
or mul tiple puelkefbhAfsiohefdriRehlativethandd ird e e
third is delgltéi cl)n ngﬁg"tsdilon, vr\,herei n hershltlngﬁde ng{:ﬁggg?l 8‘%5%%%??‘?%?%

nucl eot inflctions diselsk diagrofaspforensivaectaliqudkl/paerqgity determibatibng, asé génommne and

del etion types of mujat.i onf;qlcan cause severedgg@%ges such as frame shift,
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when a fragnent a gene~Is incorporated
have been identified and many cancer-related mutations were characterized. Diagnostic

tests for these mutations can provide a more accurate estimate of an individual’s risk of
developing cancer. Early diagnosis of a cancer related mutation is one of the goals of the
invention. ‘

There are four major types of gene mutations. The first is point mutations caused
by a single nucleotide substitution in a normal DNA sequence. In most cases, this
mutation causes a frame shift in the coding strand which results in termination of normal
prbtein synthesis. A point mutation in APC gene as found in family adenopolyposis
(FAP) patients is a typical example (Kinzler et al., Science 253, 661-665 (1991); Joslyn
et al., Cell 66, 601-613 (1991); Nishisho et al., Science 253, 665-669 (1991)). The

‘second is insertion mutation in which a single or multiple nucleotides are inserted into a
normal DNA sequence. The third is deletion mutation, wherein a single nucleotide or
multiple nucleotides are deleted from a normal DNA sequence. Both insertion and
deletion types of mutations can cause severe changes such as frame shift, early
termination of protein synthesis, and addition or deletion of one or multiple arino acids.

The fourth is gene translocation, which occurs when a fragment of a gene is incorporated



18 JUL 2005 into another gene. The Phil adel phia chronpbsone seen in
chronic nyeloid | eukemi a patients is an exanple of this phenomeddnlyl 2005
(Konopka et al., Cell 37 1035 (1984)). Changes in protein structure cause
a series of disorders in a cell that can lead to the onset of cancer.
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(1994)); allele-specific oligonucleotide hybridization. (Studencki et al., Am. J. Hum.

Genet., 37, 42-51 (1985), and Saiki et al., Nature, 324, 163-166); oligonucleotide-ligation

assay (Landgrun et al., Science, 241, 1077-1080 (1990)); and allele-specific PCR

(ASPCR) (Wu et al., Proc. Natl. Acad.Sci., 86, 2757-2760 (1989), and Okayarna et al., J.

Lab. Clin. Med. 114, 105-113 (1989)).

Some of these techniques are suitable for detecting only point mutations. Some of

A

the other techniques can be used to detect only insertions or deletions that may for
example, destroy or build up restriction enzyme cleavage sites, but are not suitable for
detecting single base mutations. For example, point mutations that do not affect the
enzyme cleavage site are missed by such. methods as RFLP. Other techniques require
optimization of a special probe hybridization condition. In addition, all of the above
mentioned techniques require special laboratory equipment such as gel electrophoresis

apparatus and hybridization equipment, time and labor.
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are al so known (Mohan et al., Proc. Natl. Acad. Sci. USA, 88, 1143-1147
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Hypot heti cal 'y, when a different tﬁge or nature of nutation occurs at the
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nucl eoti de conbined with gel anal ysis and special narker detection system
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Separate tests require re t . | h ood sanple that is
gener al 1S>F°B'iﬁe§?‘?{'éﬂ9#? gfﬁslagéif‘?sﬁ‘gga‘éﬁ%ﬁ?%ﬁﬁqgﬁ“@eo ﬁ% of bl ood sanpl e or
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with labeled G, C, A. Alternatively, one test assay can be carried out that uses
differentially labeled nucleotide combined with gel analysis and special marker detection
system to detect the G, C, A mutants separately. However, carrying out three separate
tests requires more than three times the blood sample that is generally obtained from
patients. Such a high volume of blood sample or complicated gel analysis procedure not
only increases the cost of the test, and the time and labor involved, but more
importantly, the probability of error is increased because of chances of mislabeling of
_ tubes and the numerous steps that are required to carry out these assays. Therefore, these
primer extension based methods are not convenient or suitable for screening a large
sample number or for carrying out routine tests at a clinic.
Second, the sensitivity of these primer extension based assays need improvement.
Because the primer extended strand obtained in these tests carries only one labeled

nucleotide or labeled dideoxynucleotide, the signals generated are varied and their



primer extension based nethods are not convenient or suitable for
screening a large sanple nunber or for carrying out routine testl #H 05
clinic. Second, the sensitivity of these primer extension based assays
need i nprovenent. Because the prinmer extended strand obtained in these
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the signals generated are varied and their 3 10 JUL 2005 strength depends
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weak. Thus, | rapid,

| ow- cost, non- f%g é‘ﬁ??‘%ﬂv‘@e ;n%% %g}d?%:cfg&? ﬁ&ﬁ%ﬁ%?@a Ilg&?cé)éﬁh?%ue t hat

i's abl eldbor iinériite, am/climmlyﬁpplwahwtacmqnemafslarwemtdeaecmu@y Bipe ofici d base -
at a specifjc predeterm ned position, and f?l/ provi des a _strong and
accur at @%t@d{wm.a@ﬁ@m leig aoishbase @f-2 spgci MFW%EO%P@%@M Yehvent i on
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gener al prlner ext ensi on based net hods, such as the sinplicity in design
for testi for a rrutatlon at particular site, the present invention
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extensi on ba !;ﬂ&iig 63 ??éjh on has w de
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nucl eot kil iiins " & &Ri- eﬁ&ta@aiuaeéﬁldgaaﬁ&reés (80r fensiveiRed Gfhveitidhal he primer
extension strand at same time. These advantageous features provide an

oppor t umethodso use t he |nvent|on to routinely test for the presence of a
genetic

Some of the key advantages of the invention over the above described methods
are: 1) capability of detecting all types of mutations in only one reaction tube without
necessarily employing gel electrophoretic size separation methods; 2) high degree of
detection sensitivity by way of strong signal emitted due to incorporation of multiple
labeled-nucleotides into the primer extension strand; and 3) high degree of accuracy
because two or three different types of nucleotide or nucleotide analogue markers can be
inserted into the primer extension strand at same time. These advantageous features |
provide an opportunity to use the invention to routinely test for the presence of a genetic
mutation in any clinic based on this simple inventive procedure. The invention is also
easily adaptable to automation for screening a large number of samples.

The invention relates to a method for detecting any mutation occurring at a
predetermined nucleotide (target base) in a known nucleic acid sequence in a single
reaction. The inventive method uses a primer extension analysis to detect the mutation.
Preferably, the primer is complementary to and sequence-specifically hybridizes with the

nucleic acid of interest at the position immediately adjacent to the predetermined



mutation in any clinic based on this sinple inventive procedure. The
invention is also easily adaptable to automation for screening alf ayjgeuns
nunber of sanples. The invention relates to a nethod for detecting any
mutation occurring at a predeterm ned nucl eotide (target base) in a known
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priner extension analysis to detect the nutation. Preferably, the priner
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id of int t at th I t i ' dicat ' t to,t det ' d
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of the 3' end of the primer. The primer extension’reaction reagent
i ncl udespiinnallyygfersntially libeled @r toleheladk non-tetmingter ngelegiddes, wheteimtiel y, no
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nucl eot h@s nukieR' Ridlof iRferest.ETHE 18W418 néH rRfiatHukRof@sPreRBNt ary to the
target base at the predetermned position of the nucleic acid of

i nt er estomfliementatyetodlie tasgettbassriThgtingorparatiee] e termiratonuclentidplintodht ary to
the target . _The i ncorpaorati of t terminatar. nucjeatjde.into the
5 end reRsiE s prer CORREBRRARLRS larbdl ot bt Ahdeis W bl Pl het o
of i nt efe@Sinatd the pribfer BkRasion taRtion WROWERHBOShespbRASH iof BniMaAbBRd okl t her

i ncorporation of "any |abeled non- term nator nucleotides. If the target
base watrmingnyagcisgbdesolfzheiprgatibess was ¢hepsededuators muttion, alabeled non-

sequence-dependent | y_i.ncor i t he.pri.ner.-Ihus d

S anal CEBTB R REP RS R R S By ARt B G
the predge@edin@e prvr tidicatéstthet Daatatish hes odreljattie préddtdtmihd/anieion i s
to provide a nmethod for detecting or quantifying a target nucleic acid in

a sanpl ecidbesasitei ng: (a) preparing a primer conplenentary to a sequence

posit1 on' i 1 ASTSHETRY Blejnter P OGS hitho P Rdelyfe BE EORMERAC

sanpl e g@gﬁ@hﬂbi@g&dm d¥aeipde coraptigcingf interest, if the nucleic acid is
doubl e-stfanded, so as to obtain unpaired nucl eotide bases spanning the
specific (2) preparing a primer complementary to a sequence immediately upstream of

a target nucleotide base at a predetermined position in a template of a nucleic acid of
interest;

(b) treating a sample containing the nucleic acid of interest, if the nucleic acid
is double-stranded, so as to obtain unpaired nucleotide bases spanning the specific
position, or directly employing step (c) if the nucleic acid of interest is single-stranded;

(©) annealing the primer from (a) with the target nucleic acid from (b) under
high stringency conditions to obtain a primer-nucleic acid duplex, wherein the target
nucleotide base in the nucleic acid of interest is the first unpaired base immediately
downstream of the 3' end of the primer;

(d  mixing the primer-nucleic acid duplex from (c) with a primer extension
reaction reagent comprising: (i) one type of terminator nucleotide or optionally, absence
of a nucleotide, that is complementary to the target base at the predetermined position of

the nucleic acid of interest, and (ii) three types of non-terminator nucleotides that are



position, or directly enploying step (c) if the nucleic acid of ing qyesggs
I's single-stranded; (c) annealing the prinmer from(a) with the target
nucleic acid from (b) under high stringency-conditions to obtain a
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In a preferred embodiment, in step (b), the nucleic acid base of interest 1s

immediately adjacent to the nucleotide base to be identified at the predetermined
position, and the nucleotide base to be identified is an unpaired base at a predetermined
position immediately downstream of the 3' end of the duplex. In a preferred
embodiment, in the method in step (d), the duplex from step (c) is contacted with at least
one labeled non-terminator, and at least one unlabeled terminator. Alternatively, in step
(d), the duplex from step (c) is contacted with non-terminators, wherein each non-
terminator is labeled with same or different detectable label.

In another preferred embodiment, the method above can be practiced, wherein the
template-dependent enzyme is E. coli DNA polymerase I or the "Klenow fragment”
thereof, T4 DNA polymerase, T7 DNA polymerase T. aguaticus DNA polymerase, a
retroviral reverse transcriptase, or combinations thereof.

In other preferred embodiments, the nucleic acid of the invention is a

deoxyribonucleic acid, a ribonucleic acid, or a copolymer of deoxyribonucleic acid and



posi tion, and the nucleotide base to.be identified is an unpaired {)@iﬁ ?t
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duplex. In a preferred enbodinment, in the nethod in step (d), the duplex
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at 1 casOCHChoTorin Gy ci i oo B AL B AR S e o 20

non-t er i dRhAlnatdraredsiedte®n, in step (e), the |abel signal of the
i ncorporated |abeled non-term nator and at | east one termnator that is

| abel ed di f f dceording torthermethed of e mwrmonathsmuaie@ arid efngegest has been
synthesized enzymatically in vivo, synthesized enzymatlcally in vitro, or synthesized non-

enzymatically. In another embodiment of the method of the invention, the
oligonucleotide primer has been synthesized enzymatically in vivo, synthesized
enzymatically in vitro, or synthesized non-enzymatically. In addition, the oligonucleotide
primer can comprise one or more moieties that permit affinity separation of the primer
from the unincorporated reagent and/or the nucleic acid of interest.

In particular, as a preferred embodiment, the oligonucleotide primer comprises
biotin which 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. In another embodiment of the invention, the sequence of the ‘
oligonucleotide primer comprises 2 DNA sequence that permits affinity separation of the
primer from the unincorporated reagent and/or the nucleic acid of interest via base
pairing to a complementary sequence present in a nucleic acid attached to a solid support.

In yet another embodiment of the invention, the nucleic acid of interest comprises one or



According to the nethod of the invention, the nucleic acid of i“tFH$@FNE§S
been synthesized enzymatically in vivo, synthesized enzymatically i

vitro, or synthesized non- enzymatically. |In another enbodi nent of the

met hod of the invention, the oligonucleotide priner has been synthesized
enzy mtﬁ&%'xﬁéﬁeﬁie{l tHAt\Rrm S MR8 Adep SdtioR BZ IR RubIR dc¥d bfinterést GronPthesynt hesi zed
non-enzynmatically. I'n addition, the oligonucleotide primer can _conprise
one or uicerpavited rexgentrand/quéhaprimert. The nugleisagiuk oftintsresbean ¢panprrseMatin f r om

t he uni ncor por at ed..reagent and/.ar the.nuclel¢c. aci,d of ,in

par 1 UViRh Pty ARBRL TRt BRGS oS B0 S ittt sl i Hboreled

conpr i b liafer REBThdifg of fHe'bidtin RaRRp@VidIwalchiibattashed®s af rom t he
uni ncoﬁggﬁeg?g@%fe}gg irhll%-}{erand/or %ucl gi(l: acid oP interesct 1vi a binding of the
bi oti n dotidstpmpt.avi din which is attached to a solid support. In another
enbodi ment of the invention, .the.sequence pf the oligon eoti de priner
conpri ses a m&?a@?ﬂﬁy ‘Pﬁ?ﬂtloﬁ‘e%sg%ue&f:? Pﬁﬁhffuglgﬁaﬁcgcf?gﬁt%?&t he priner

fromt hc%n&ﬂﬂs@%?b‘?@& @&ﬁ%fmé@tﬁgﬁﬁémie Qfifityl S2Baratién 6f the ALIicRhcid ot ifepekt Vi a

base pairing to a co enentary sequence present in a nucleic acid
at t achefilomahe@usintdrporatedpeagent aridiorytbe peimet Marbasspadngtha complemeniany ent i on,

the nucleic acid of, interest .co I Ses o or 7 J : leties
hat | peRRGCRPFSSRTtY ATBBIISIOATBRE] o2 AU SPRCh s SfeofirisoidBBind 7\ o
uni ”Cpr&ﬁr&tlﬂléﬁmﬁﬁ Ridefid kbR mhdRer. Mhic BEEonudedtide phitiet cas bellabtledwidr st can
conprise brotin Ich permts affinity seiﬁéation of the nucleic acid of

i nt er esdetéotable triacken that iodifforeat Sam anyagtastabimmacker presersin ferredgeat 8f ndi ng of

the biotin to sfreptavidin ich Ls_ attach | : n a
ot hod SHachHEtr BHIRSAcIq bfdmedn de BubprRll offofecst Cul e URRE Wit 4 0
CONpri Sgse At SIeg UBRE A48 heiB OF Hitbrestds preférablydstitedawitha defectabie nucl ei ¢
acid of 1nterest fromthe uni nco;gorat ed reagent and/or the a@ﬂ%&%r Vi a

base painatkegthabisalifferept Fomranydptectablpraprker preeasd it the seagenten alt d
attache&ét 0. a solid support. The oligonucleotide primer can be |abeled
with a WEPEEREbl e narker. The ol igonucl eotide prinmer can be |abeled with a

det ect abl e gy kgdind Edbddsmentiof BiesinvedtionMbr ivcitRt Rid abineresickmpriggsesent i n
the reagent or attached to the nucleic _acid of interest. . The nucleic acid

of i nt enershatueah nbelestidesinatogsi The non-urtwratnuglectideApRleps CFREMfucl ei ¢ aci d of
I nter esEieclrxsyi r et er %?Ae%zé-i@géoﬁgguvgnbgng AR FRIAPAG of interest can be

synthesized by the polymerase chain reaction.
In another method of the invention, the sample comprises genomic DNA from an

organism, RNA transcripts thereof, or cDNA prepared from RNA transcripts thereof. The
sample can comprise extragenomic DNA from an organism, RNA transcripts thereof, or
cDNA prepared from RNA transcripts thereof. In the method of the invention the primer
can be preferably separated from the nucleic acid of interest after the primer extension
reaction in step (d) above by using appropriate denaturing conditions. Preferably, the
denaturing conditions comprise heat, alkali, formamide, urea, glyoxal, enzymes, and
combinations thereof, Even more preferably, the denaturing conditions comprise )
treatment with 0.2N NaOH.

' The method of the invention can be practiced using nucleic acid from any
organism, including plant, microorganism, virus, or bird. The organism can bea

vertebrate or invertebrate. The organism is preferably a mammal. Even more preferably,



marker that is different fromany det.ectable marker present in thqﬂqﬂﬁqﬁﬁt
or attached to the priner. In another enbodi nent of the invention, the
nucleic acid of interest conprises non-natural nucleotide anal ogs. The
non- nat ural nucl eoti de anal ogs conprise deoxyi nosine or

7- deazati metamsy BuANOsn eing TheMibhifhiccad Gedifa hdttg ﬁe%,tccﬁaa}@atggég, or

synt hesi zed by the pol ynerase chain reaction. In another nmethod of the

i nvent i 8k€ept he sanpl e conprises genomic DNA froman organism RNA

transcripts reof. qg)é\ﬁ . g;b% i t , The
sanpl e can ccﬁ%ﬁ %Ied %tgérr% ertloﬁ@gmq?é%mn oroé%ﬁ@%nd%ﬁ%%dﬁﬁﬁ? pts

t her eof folfywing BWriptiewas i ihventioiMAe tefereacyd drhwirlgh @itasted hlefetd Agd ot hod of
the invention the priner can be preferably separated fromthe nucleic

aci d of claimeappendeg heretot he prinmer extension reaction in step (d) above by
usi ng appropriate denaturing conditions. Preferably, the denaturing

condi tions conprise heat, alkali, formam de, urea, glyoxal, enzynes, and
conbi nati ons thereof. Even nore preferably, the denaturing conditions
conprise treatnment with 0.2N NaOH. The method of the invention can be

pract i c ERIBEDESGRETEON QF THE PFAWANGSor gani sm i ncl udi ng pl ant,
Mver toh b oAt A Sl drvind 4Pa BIARNE M6 G ol ShiERAhelon | o

18 JUL 2e@%d dhehemanerion 8 shobmth” heiregntsTihe witdrogle madedridealvhirhacdnor se,
dog, cow, cat, pi or sheep. These and other objects of the iy_sntion
wi Il beinpbyde ﬁuﬁ,&‘»uﬁd@r%o frERFRsentioan uglapelgd HEFeiRater iSB‘Eh éh agtaene

i nventi 1 e | a t the: .q aj
appendeorishf, tELT ERSHEal 1T SHTRARRA R Bt 2 32 M e
schenmat nfutghtamicieptide canpinehder &0 GnOodi merll. W™ hepresehist & coontplermentagn
nmet hod of the invention is shown. "L" represents the wil d-]type nuc). got i de,
whi ch cancleptids lodd, and @n igclue 45/G. G, T jor }aiskegwm 3 dgigcighleBatkey n
term nat of o SHEMN % Fndli %%Xleoﬂﬁ‘&l oq'gltuE%Bﬁa@ﬁ{alégﬁleg,%hﬁﬂ'@%,aéyc:[ P, d4nd "M
represent's a nutatron at site L, and the

U. “y” represents a nucleotide or nucleotide analogue, including A, G, C, T, or U, labeled

with a detectable marker and complementary to M or n.

FIG. 2. 1 ul of the STA reaction mixture was applied to a thin layer chromatography strip
and then the strip was subjected to solvent containing 1 M NaCl and 1 M HCI. The strip
was then dried at room temperature for 10 min and exposed to Kodak film for 30
minutes, and the film was developed by auto-film developer. The templates used STA
test are marked under each strip. The top arrow indicates the free nucleotide front and the
arrow at the bottom indicates the primer extended strand incorporated with [-P)

dCTP.

DETAILED DESCRIPTION OF THE INVENTION

As used herein, "nucleic acid" or “nucleotide” can be a deoxyribonucleic acid, a
ribonucleic acid, or a copolymer of deoxyribonucleic acid and ribonucleic acid. The
sample of nucleic acids can be natural or synthetic. The sample of nucleic acid can be

naturally occurring nucleic acid, and can be obtained from any organism. Some examples



mut ant nucl eotide can include A, G C T, or U "W represents a

conpl enentary nucleotide to M and can include A, G C, T, or U [1B0HL 005
with a detectable marker. "n" represents one or multiple nucleotides or
nucl eoti de anal ogues, including AA G C, T, and U "y" represents a

nucl eot i@ ahisHab SAlié G e MAhQDSRhe bREbAFh VAo i<applcatlle iiludé plh@bel ed
with a detectable nmarker and conplenmentary to Mor 'n. FIG 2. 1 s1 of the

STA r eacticrorganisms; giruses, bipjs, verttbratess invsitebriates onamimrabsyhtimgn dpings,stri p  and
then the strip was subjected tqQ solvent containi n&g 1 M Nad aﬂi‘g 1 MHJ.
The st r BEen Bt AEN TS PIEk OF thSFb-L bR A AIF R 5I0 58 SHCHF BFHFLN O 1o
Kodak T il @-hiEsizR %ﬁﬁ&llﬁﬂ@%b@yﬂﬂhégfﬂe%ﬁzﬂmhgywvm, aribyaniidsl-en

devel oper.” The tenplates used STA™ test are 'marked under each strip. The
t op arr emniengymaicdlyt he free nucleotide front and the arrow at the bottom

I ndicates the prinmer extended strand i.ncorpqgrated with [-32P] dCTP.

DETAI LED DES%%GWHBFG Rtaps |t ‘W‘ﬁ?f 6‘58%0#1@?%?% can k%?%;%g%{?}”d“ or
"nucl eotphgg" i WAi&%ﬁéﬂx‘?lseﬁlEreéﬁioﬁ DNA pieBaRddh RNkl d, or a
copol quﬁgf&(ﬁlgﬁefﬁa%%%ﬁcl eic acid and ri boﬁucl e?ceBaci d. The sanple of
nucl ei ¢ tansatiptctharep€ Fhetsample emtaying the nusleidacid onagide obinterastican elsaci d can

be naturally occurrin lgic acid, .an be ohtained fr ny
or gani sfPTBY c’@?@ﬁﬁﬁ?@g@ .%@n%@gus q“ﬁﬁgﬁf’ﬁf‘a@s ﬂgr 1%‘@% net hod of
the pr e%?ég;médw&ﬂtmn thahis@Rits theAldif oA lsh ahe/igc18it abidSor aideloT@iteREl Gitbe

viruses, birds, vertebrates, invertebrates, mamals, human beings,
hor ses, spnthssizasidwsthe palymerpsephaingeadiofep. The target nucleic acid can occur

natural ly, or.can .be synthesized enz tically i ' hzed
enzymat | Lal | yrHedisiery efid BT HGRG Ren FORMAR I iarol Ayctbol e URRR SRS

cont ai NidgegxyiResinel Ridearacl-dedkygadiodine OThdsb bedlegiesUrtabidizp DIGA dgplenes ¢ DNA
froman organism RNA transcripts thereof, or cDNA prepared from RNA

t r anscr ispdsouldellewfa primer annepling ashwdgnsiongeadtionie erairdn adpublerstigadeds of
7Lt i SRR S BRE O T PT
the nucl ei c apjethiRlei®adid of @teresticah estpeyoneaor riore nhsisticsatatpermbtenffinity
pol e asi;?argtri]gnl (I;]f tixg %ﬁéllei%nécid of interest from the unincorporated reagent 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 avidin and its analogue which is attached to a solid
support. The sequence of the nucleic acid of interest can comprise a DNA sequence that
permits affinity separation of the nucleic acid of interest from the unincorporated reagent
and/or the primer via base pairing to a complementary sequence present in a nucleic acid
attached to a solid support. The nucleic acid of interest can be labeled with a detectable
marker; this detectable marker can be different from any 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
wild-type or previously known standard nucleotide base from which a mutation is sought
to be identified at the base site. By "standard nucleotide base", it includes any known
base, which may include wild-type or a known mutant base so long as the base is known

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

10



The nucleic acid of interest can conprise non-natural nucleotide aﬂ}a l? ?
such as deoxyi nosi ne or 7-deaza-2-deoxyguanosi ne. These anal ogues ] 005
destabilize DNA dupl exes and could allow a priner annealing and extension
reaction to occur in a double-stranded sanple wi thout conpletely

separ at | [ [ r n ne or
oo ol DR b PO ERich £ Rl 55 sl ol Bk E R TL

| Nt er es¢anf Beddkidven ﬂllﬁtailt:ﬂjrnﬂhalﬁﬂﬁﬁrmwﬁ awildaypd bese ipgoughr at ther exarrpl e,
the nucleic acid of interest can conprise biotin which permits affinity

separ at pesitiost. Alieanativelye the know@ normahbase 631 be p KROVR &Rt rf@’b\“’b’&hei‘fl%@e? eagent
d/ |
THE Ry R e e e

| Nt er eshnFibwaPsEbicR thatlA be qummtdrﬂm&ie thp preseiice offahiy itliey baspairani on of

the nucléic acid of interest fromthe unincorporated reagent and/or the
primer atithebid&e pairing to a conpl ementary sequence present in a nucleic

acid attached to ROEL | s t can be

| abel ed with “8%4@%?%1‘% tgl%) er ?r E E%)%[lu@fe n@{%%g{ kljgfr:&sggjn e different
from anyligighRrbas Fhivhrik eﬂpaplsa@fmmmg Bs 4 peint ofingbation f smtheuimuem o the
primer. In this regard, the _term "normal nucleotide" nor base" is

def i nedplaged wrder gpnditieRsibaigllont iop syriaFs)s K oRmimet eI BTN OY 1fahelsbase

f rom whi ch t By

" st andalfd R gﬁng{c?ﬁ“ao{]%%cg%ﬁg&?mmrﬁ lé{u)bd&r eﬁtbég rﬁ:tga(’tggg naﬁé%ﬁt%ﬁaﬁm}lncl ude
Wi | d- t y pefoRlex@misleOrvtleatides indasgmmes shang DNAI]jnéyrhamee iand lenoemitabdnd it is
desired to know its _variant. Thus, as an exanple, normal base can be a
known 1tempegatyrgland@ds wit d- type base for which a mutation is sought at
the position ' " %@B i ch
t he presence'rcljll:?e\{%lr %ﬁ&){? hhaq ase |¥%oug t a fidioaua f obidfneith

a Wi ype the position.
Al t er nafrouedny, soule. Kowosnampdes, tivd priraerecandie gredwcel fog\ﬁngrnmang latrgcr nwigleath

anot her rrut ant variant base | (ef ore, the of .t he

i nvent i a¢iddEagmsatssyph %@WCW%A%Q‘? it hap heen ‘“BE Quel o
determ @%# E? LEFBRECHRMm aﬁﬁ‘é’ prhle iR $E€notHrhiedd by Rdw tHprihélds As used
her ei n, erm “priher' ghnuc | eoti de prlner refers to an

ol i gonuebﬁﬁiedplwhumtamhbe bymgnighmlg)natamuyng syrghetiqally prcwting muclewtactsh of

synth wh
Y ©s Iof by S)?nr{hesumg the nucleic acid primer, Furthermore, the primer can be

oligodeoxyribonucleotide, a copolymer of oligodeoxyribonucleotides, an
oligoribonucleotides, a copolymer of ribonucleotides, or a copolymer of
deoxyribonucleotides and ribonucleotides. The primer can be either natural or synthetic.
The oligonucleotide primer can be synthesized either enzymatically in vivo,
enzymatically in vitro, or non-enzymatically in vitro. The primer can be labeled with a
detectable marker; this detectable marker can be different from any detectable marker
present in the reagent or attached to the nucleic acid of interest. In addition, the primer
-must possess sequence corresponding to the flanking sequence at a specific position of
interest adjacent to, and upstream of| the nucleotide base to be identified. -

In addition, the primer must be capable of hybridizing or annealing with
nucleotides present in the nucleic acid of interest. One way to accomplish the desired
hybridization is to have the template-dependeni primer be substantially complementary or

fully complementary to the known base sequence.
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pl aced under conditions that allow for synthesis of a prinmer extension
product which is conplenentary to a nucleic acid (tenplate) strand§ Jup 2005
the presence of various factors such as for exanple, nucleotides and
enzynmes such as DNA pol ynerase, and at a suitable tenperature and pH The

term " pri mer 'thk slighhRidadk peer 481 LaBpkRONRMY nib#6 hitjificaGhdl pefal meNt
obtained fromany source. For exanple, the priner can be produced by
f r agmentffingtyl saparetiomofthe pcimen fioth theapinsarporated teagentgod@ritie mdeic ONA or

DNA t hat _has b i ned f.hr. PCR. In,ot. . the nat f th
or et o6 RGeSt SHR Ly TiRsHAY REe R A 10t LBt HE By HEFAE Do by
fragmenging ﬁgﬁh&,lxueﬁ aSyidtdie lipaifds) ﬁﬁcﬁ@ﬁiﬁ"ﬂtiﬁ%i@é’.@r@feﬁab@ﬁitﬁe m@iefie’s

synthesi zing the’ nucleic acid pri mer. Furthernore, the priner can &
ol i godebiotin. hothe chseaifivding otim et pmmer eoimprisingbiotin peimbidsafEinity serpsafionan

ol i gori bgnucl eoti des,, a copol r,_of rijbanucleptides, .or a . coppl r of
deoxyri § Fh?&%?rlf%% W?%%&@F‘éﬁ%&%@%’%@%ﬁ ?Fé& b@é’ﬁ#ﬁ% Y ?Flﬁé?n%n at ur al
or synt Retdhiotin 1havadih 3R S lRAb petew Rich IP4tt2 BEI {002 SOUANGHoR Theehlietice
enzymatically In vivo, enzymatically in vitro, or non-enzymatically in
vitro. Biiehepligopuclectidelprimerivah edmpiista RNA sequeneshihat paamids affimipy s

det ect abl e mark can bhe.different fromany deteectalhl e EKer resent in
the readERfraten ‘&'[W%Bﬂ@ﬁr ?8“%%5%5?@%“%%%5%? ap%léﬁlgsntu.g?ellé(ngé 8|Pt i on, the
priner sk ﬂ9§§wed¥&nﬂ&h&ﬂ§ﬁ0ﬁquweb@esbﬁﬁnfaﬂxﬁi&l@i@gcidaﬁatﬁﬁde at a
specific position of interest adjacent to, and upstream of, the

nucl eot itole sbiabsupportbe i dentified. In addition, the priner nust be capabl e

of hybridizing or ,anneal jng w,th_nucleot] o] i .nucl ei c aci d
of interest. ‘569\2‘5‘% %%%Hﬁp?%r F’%&m&%eds%r%é%&{ %?‘/%?slt tgidz}?;lkglagﬁws to have
the tenpbaiigoReRamten thetingRite-Bependbanableic?ddid syanhesisaeanioariy cariedfout.| y
conplenentary to the known base sequence. 11 18 JUL 2005 The

ol i gonudihesonditiops fordhe ecstirenonRfthetemplaterdengidsntrpriaier £5tepsigh reaCHAR ¢
R s L
limted drone diitdbleQsthplate@épealint enadcisare BINA polyaresses.SihetDNa pr ot ei n
l'i gands, including antibodies. Preferably, the noiety is %I ot n.l_ I crll t he
case of podymerassicanibe of seieerstyprs: ThoRNA BPLRCRISS TRYStIOMAYES DS PP @)
separat Itc(;.)rrrllplate dependent. For example, E. coli DNA polymerase I or the "Klenow fragment”
thereof, T4 DNA polymerase, T7 DNA polymerase ("Sequenase”), T. aguaticus DNA
polymerase, or a retroviral reverse transcriptase can be used. RNA polymerases such as
T3 or T7 RNA polymerase could also be used in some protocols. Depending upon the
polymerase, different conditions must be used, and different temperature ranges may be
required for the hybridization and extension reactions.

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 has terminated by the binding of the tenminator to the template.

As used herein, the term "template” is defined as a nucleic acid, including‘double
strand DNA, single strand DNA and RNA, or any'mpdiﬁcation thereof, and can be any
léngth 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 terminates the
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of the prinmer fromthe unincorporated reagent and/or nucleic acid gi
interest via binding of the biotin to avidin and its anal ogue whi Jils 2005
attached to a solid support. The sequence of the oligonucl eotide priner
can conprise a DNA sequence that permts affinity separation of the

primer {;ﬁlﬂ_@? leR@nsioh Neadt aiRd it 68 GiRBirpaRtdO inth e Npemel Gxffkidn Oftrand _
i nterest via base pairing to a co | enent ary sequence present I n a nucl ei ¢

aci d at oppeoiisel the ¢eraplatsl sternsly Fseferablyndhe demninetpeiin 2 dideoxmugieopde. ndlso

C e ot SOHRRRAR RS § dfel ABohARCH ATuelrl aPlSs bR B

condi ti @@slabélrod e aes-terfinaer. Alsé e dsedTHerdis,- GHROENRE Mérm Penirat@X tansi on
reaction can be created, in part, by the presence of a suitable

t enpl at ‘chaisriermisator2areyaterredsain the singnlar, gt deesimot mean-that pesingle Budeatide

The. DAyl s88L KA 8 pirblf i oF AP ShfunfBRon” Sl S8 BRI O P

exanpl epudieotide] hudlid 29l YoaBE 3% Gutlely adifleanaldp@e Allatl fsagi¥ENin’ thet 4485 Hor T4
DNA pol ynmerase, T7 DNA pol ynerase ("Sequenase”), T. aquaticus DNA

pol ymer exaamplerif thertermingtor i dd4vthensall of ha S pircthe agaresple age eeferredg in
| T. . I7 . b .
D of ocofte singti Toftf anftndlprta Shle BRONIR, 87 Ga&P ARl Oy het Thiblo 10

used, apdy®eltheslnrhcd eNberspedifie tyrengdenciotdde thabftiineextension festopped
hybri di zati on and extension reactions. As used herein, the t,eélm "Eri ner

ext ensi by the lagk @f the enegHfissnudieoticherat toe lagus. Hos expmpleedl ipslesired thakthe
tenpl ate..i fer.t i {Ree e b e

ext ono) gy EyRbS felubfbd foltd Biesitfs ROl Ml SehnpllSHEER e nbIP
t he t em@maimtingsbaséed, HErandnG slimid deninthdaplintthe primetefekeasioasreactionc| ei ¢

acid, including double strand DNA single strand nd , _or.any
modi fi cEMXEFE, (W st " C'anyhichnsptheapgmple@sat H}o% sgg{\}'@n@é‘? aEgléAqggeqf rein,

the term" lg[:_%]] Moo QF; ggkgg eﬁ% 5{]#},& fhe b aefioh Quith
nucl ei cg%%# a{s%%,; %%%%lgs , % ﬁ o?pt,e Bﬁnﬁﬁgkgb&?t at :
ef f ect i vialilar reulrianadding khideoky térfhiddtbr AEMStidgrforexampleensi on reacti on when

it is incorporated into the priner extensjon,.strand opposite,th enpl ate
strand. Pref &8aised here ‘i‘Er‘ﬁ%a’f‘?ﬂ’t"F@m&t% 8&09%‘3&?-‘80‘? atox| é’%f?“&es a

nucleotide base that does not terminate the extension reaction when it is incorporated

into the primer extension strand. Preferably, at least one non-terminator in the primer
extension reaction is labeled. 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-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 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.
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preferably, the termnator is either unlabeled or is |abeled so thatﬂrgﬁﬁln?[ﬁﬁ

di stingui shed from the |abel on the non-term nator. Also as used h

when the term"termnator” or "chain termnator” are referred to in the
singular, it does not nean that a single nucleotide nolecule is used.
Rather, the gl 2! e Qbrrh 'GatleP Btk A MrALcoul R s UtkER ol te of
nucl eot i de, %%chﬁggll ?Elécfggd@%ase or nucfpe?c aci anaefcggue th?it 'S uged in the
assay. tegninatexanpbe-ternfindthengadeatidadd proviide gldétectahlersigial. Tie lahel malAbs i n
the aggregate are referred to in. the sinqular form .and not just a, single
ol ecul BUBACHEA CHAPTIBRHEST bl GO UEard SHithas gp-RtRRgvb Hr HBERsHEs of
the speghfy Q& IrRBidsEtt SRubAdy BE LIRIMoPXIRNTHOBS Ach-BhARRadg bY

t he Iacéb{lj# &tlﬁ%&’spegeﬁﬁg nuclseot ?.g)élbat Xthe Iocas. Fg?i)exanpl e, if it is
desi r edmictetide hbasepr These eftuerazenn tagacwool Dewvet dhpepropppysiof e having' on
the tenplate strand,, t.he.rl_%ﬁ- term nating bases A, T and G shoul d be

i ncl udespestroscrically distingishahle IUSHERSAECER i xture, but not "G, whi ch is
the compl emeplicbiivdiy, thd Méthod SIAcARBRRAL tRICId 8f LRBARI ATV HuchRHRe v | |
cause termnation of“the primer extension reaction with a simlar result
as additge dn dhedprimyr &xtemsiorapmductuzhndet measurddoby measppesirometydechrhgresi n,

the term "non-term r' or," - in.term nator" jncludes nucl eoti de
bace. ¢ IRCORLERDI Dok hareat Boy REYST7Snhibh i tolowPised it & eeretiteth
i ncor pojatfifferyl NtO the priner extension strand. Preferably, at |east one

non-termnatof in the primer extension reaction is |abeled. Also as used
herein, whenAssed hereir, rthe-pheasni "highostringency hydwidization coaditionslt sfersrte

ferred tq | i ngular, it d : h i ol i d
ol ccul e biwdtEadinfndtions pha Pt ERRAAS At cPhMRaE o BIXSR: or -
ref ers alobhfrybKiEafibn BUiA6S SherayCRite Bihd iDFSFerdl MUl BidWgd

anal ogue I"s used I1n the aSsay. For exanple, If the termnator is G
t hen al pro@dcol Beoks, suchras tthsulee) gt dg diverear Bratedoly inddoletidar Bioldgy Greergpuandr
form and not just a single nolecu used, her.ein, the term

, e of G
"t antWib’%P%{lé’t%bﬁhl‘?}h‘a%fpé’éatea‘m?@r TRt HShfE-e strand that is
different framibe h\‘-}{'t' S%?aﬁeﬂﬁ]@#ﬁﬁeﬂﬂ@? iR bated At uf paperbe

detected using the ne I'nventl on can be any type of
mut at i omediunAbised dnnedlmitisa prodictsgbat tmsbe madatdfcauy substance bat adewsfaron, or

o ho Balesioniaden Sy grviled o fraed i aratoms faver TP Shpeieuasg 8R0S 1€

is not limited to, inorganic substances such as silica gel, aluminum oxide, diatomaceous

I

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 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.

It can be éppreciated by a person of skill in the art that the terminator can be
labeled with a different label from the non-terminator, which can then be used to
differentiate between incorporation of terminator or non-terminator in the primer
extension strand. The terminator exemplified as being the absence of the particular type

of nucleotide in the present application only for purposes of simplicity of illustration, but
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18 JUL 2005 As used herein, the term"label" refers to any nnlecuhg_mpqmm
is linked to the term nator or non-term nator nucleotide to provide a
detectabl e signal. The | abel nmay be radioactive, chem | um nescent,
protein ligand such as an antibody, or if a fluorescent group is used, a

di f f er efijs llusabRSC SRl DR QbR ERMNRE 1o 5iaf: hetlRas i iNPRaPDifRRkialyl nat i ng
nucl eoti de base. These fl uorescent tags woul d have "t he property ©of having

spect r odahspidariuniabgled teryuatenisialse eandmpassed by etinventiang sr loagias thejlabelhe
net hod of. .de L NI R0 vel ..of i ncorporation of a nucleotide base in
%3 R afl Moot ?T of t%l%&beﬂé% PR BRRYL spect ronet ry

the primer extensron product ca

techni ques  ascawatyeile dppestidted by Bpefioh 6Nkilen tHe, BBBat’sooloniak g i S
incorporated herein by reference in its entirety. As used herein, the
phrase 'seAusAcselthe rserlgteis ot leest partialy koownii ¢ primer candfeatesigned thatbindsc

hybri di ' di. Li t t Limt t h diti f
0" Txssctd tisem R il Hion Bl ST of 51 vk e SrBlale SR 0
gener al obbireR ¢k blsBbe hﬁ%}écia&ﬂ%ﬁrs&&ﬁ%ﬁiﬂ BURS 2R thab s peihoBlordle . Current
Protocols in Ml ecul ar Biology Geene and WIley, pub. (1994), which is

i ncor poizieationejrehepragtiqedibyrusingcseveral primenstin pae or moge arsadituber ein, “"thin
| ayer chromat,ogr . arrie ut_in_paper .nediu ased on
cel | ul ose pr 6%%3?12?Xgﬁgﬁﬁoﬁm&&gﬁs%ﬁahé{&%&%ﬁf@gf%beeﬁeflﬁ%c%f%r

ol ecul g fich-fefminaftes yredinifodtly labeled Beoarst dMhOaditive EiphaD dfftyedochiclail s
substance includes,, but is not Iimted to, inorganic substances such as
silica §¥ithe icompprtion 8% seneraldabaledranctsrminatosy ingorperated)inctbe prmsr| i cat e.

Organi c i s ey .callu ol yam de,
or “pol yERAETR BEER M s Qe idh dihe bic bR R iiE MedRBen A, VI
gener al ayvintagebaddignd] streqiith 00tr doaoktionalinlitatisn deteeticy mgthods tHadrth in

Freifel der, Physical . Biochem stry - Applications to Biochem stry and

Mol ecul #comasate§ply asnglsdaked per ¢36h Prigice gxtensiorplaanda cawacss enhan@d) | whi ch
is inco i : M Liset . i.al apter
o i Y20 B 3ot 0 SRR SR B R vl B

| ayer clhopt@aindgateghy at pages 229-232. It can be appreciated by a person

of skill in the g‘ﬁé that the tee\r,é? ngﬁor can be |abeled with a different
| abel from t HBCAHRWIBE sramplss aregffered Byway REHIusEatnof the Presert er ent i at e
bet Wee”iﬂ\%ﬁﬁ&ﬁl%&hbpﬁyWaybﬂiﬁiiﬁ%ﬁr or non-termnator in the prinmer

EXAMPLES
Example 1

Sequence of human APC gene was selected as a target sequence for the STA test
of the invention. Oligonucleotides corresponding to the wild-type APC sequence 4317-
4347 and three different types of mutations were synthesized and used as templates. The
primers employed in the STA test are listed in Table 1.
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extension strand. The termi nator exenplified as being the absence of the
particular type of nucleotide in the present application only fdf JUL 2005
pur poses of sinplicity of illustration, but 14 18 JUL 2005 this
illustration should not be construed to |limt the clainms in any way.
Differentially | abeled or unlabeled termnator is also enconpassed by the
i nvention, so long as the label on the termnator is different fromthe

| abel on the non-terninator. It cad/dldolbe appr eci ated by a person of
skill thre—art—that—so—ton the—sequence—of—the—t Fate—+s—at—| east
parti al Iv fiown, a pri nmer ca#egg Mfé&si gned that binds ;ISF FB Ppl at e
strand gHGHIatrat the binding of the priner on the tenplate strand can
occur. It can also be appreciated by a person of skill in the art that the
met hod Ofpt-e BSHOCTEGHIC cCAACBATGIGAUARGETASAARTIANG sever aWpd iypers i n one

or nore assay tube. A featérreg%ﬂptd]ﬁ]rret hod of the invention is that
strong signal can be gener e non-termnators are uniformy

| abel edoa{ﬁ&guses ‘Gerdi addhhbveTGeataRidatitaciohi eved  Byint BAration

i ncorporation of several |abeled non-term nators incorporated 1n the
primer extension strand WHBQIPMO&)is a nutation at the predeternined
site. Thapc-genes aCTSGANT g tAARIRTSFEATSAZGGAGAASTAeNngt h InseetiorcBfuyativini onal

mut ati on det ecti on met hods m C?gorporate only a single | abel per each
prinmer extension strand. AS 9{ ) enhanced when si gnal s are observed

from uspge di ff S1@RiGd, abe! SaEReRId0ACCAAGEAGIAAKTAL T M NYeBtRHnQVtutation
non-termhators. The follow ng exanples are offered by way of illustration
of the present invention,(SEQIMNOBY way of limitation. EXAMPLES Exanple
1 Sequeg%g of human APC gene was sel ected as a target sequence for the STA
t est ¥ivention. Qi gonucl eotides corresponding to the wld-type

APC sequanampd317- 4347 apgsdmacestacriesfofT #ypes of mutations were
synt he5| zed and used as tenplates. The priners errpl oyed in the STA test

are listed in Table 1. 15 (BEQI NEDHB

STA: Each STA reaction was performed in 20 pl buffer (10 mM Tris-HCl, pH7.5,
50 mM KCl, and 5 mM MgCl,) containing 50ng of template oligonucleotide, 1 uM
primer, 2 units of DNA Polymerase, 1 pl of [a-2P]-labeled dCTP (250 uCi/ml, 3000
Ci/mmol Dupont-New England Nuclear), dATP, dTTP, and 1pl of non-labeled dd GTP.
The mixture was incubated at 37 °C for 30 minutes and heated at 100 °C for 3 minute. 1ul
of the reaction mixture was applied to a TI strip, which is a strip of thin layer
chromatography (TRIM USA, MD). The strips were extended for 10 minutes with
solution containing 1M HCl and 1M NaCl. The primers were completely separated from
unincorporated nucleotide on the TI strip by this procedure. The labeled primer was
wvisualized by autoradiography and the radioactivity was counted by scintillation counter
(Beckman LS 5000). The autoradiogram is shown in Fig. 2, and then counting the resuits

for the corresponding autoradiogram is shown in Table 2.
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TABLE 1 Nane Sequence Description Tenplate Gapc-w 5 CCTGGA C 18 JUL 2005
AACCATGCCACCAAGCAGAAGTA Wid type (SEQ ID NO 1) Qapc-p 5 CCTGAA t
AACCATGCCACCAAGCAGAAGTA Point Mutation (SEQ ID NGO 2) Qapc-i 5 CCTGGA t ¢
t AACCATGCCACCAAGCAGAAGTA Insertion Mutation (SEQ ID NO 3) Qapc-d 5
CCTGG . ....... AACCATGCCACCAAGCAGAAGEéﬂamlzet | on NUt ation (SEQ I D NO 4) STA
pr|n’er A0 S ACGEG]CGS] (GO D) A
reactloﬁeméatﬁerforned |nT%91¢°1§¥§$fer (10 nNLWﬁFlePEmerpH? 5, 50 m\/l KCl ,
and 5 ni '
2 units ?’olyrrerase of [(err) 32P]-Ia|ed dCTP(250 G/m,

3000 Ciddﬂgmu, Dupont - New Erggjgsnd Nucl ear), dATP,1gdTP, and I gl of

non-1| abel ed dd GIP. The mi xture was incubated at 37 C for 30 m nutes and
heated &ape@®0 C for 3 mnfi2384 1 of the reacti 882k xture was applied to a
Tl stri V\:hl chis a strl 7ft hin | ayer chron'gt()@graphy (TRIM USA, M) .
The stri1¥“lere extended for’ 0 mnutes with sof'ufion containing 1M HC
and 1M Npge-d The primers ygg,gs4conpl etely separatgshzif rom unincorporated
nucl eotide on the Tl strip h\/ this procedure Thé | ahel ed priner was

.visualized by autoradlography and t he radi oactivity was count ed by
intillati t B LS 500 Th t di h i

Bl g 2 and (HBAOBBRALY G o REVF SsHERGONFE FEREoLs FEBORY Meaddor adi ogr am

s showdrp ih8btpBrated ihfo the phidler 28R Asiod MEbEW, a WPk BliEBhRedtRiNss Label ed

Pri mer

serves as the template. The first unpaired nucleotide after primer annealing is C, which is
complementarily matched by the terminator ddG. When the reaction of template-
dependent primer extension was started, the terminator ddG was soon incorporated into
3’ end of the primer as a first extended nucleotide and the further incorporation of labeled
nucleotides was blocked by the bound ddG. As a result, the primer has been extended by
only one nucleotide base, which is the terminator nucleotide. Since it is not possible for
other nucleotide bases to bind to the template after the terminator has bound, the primer
extension reaction has stopped. The radioactive count in the Qapc-w sample showed that
the count was similar to the sample without any template, i.e., background control.

In comparision, Oapc-p is an oligonucleotide with a point mutation. The template
was created by replacing the wild-type C to the mutant T at the first unpaired nucleotide
at the 3’ end of the wild-type template. In this case, the dATP instead of the terminator
ddG was complementarily matched to the mutated nucleotide T, when the primer
extension reaction was started. The primer extension reaction stopped after the terminator
ddG was incorporated into the position opposite the C residue on the template strand.

In the mutant oligonucleotide encompassing an insertion mutation, Oapc-i in
Tables 1 and 2, the first unpaired nucleotide is T, which is not complementary to ihc
terminator ddG. In this case, the primer is extended by the binding of dATP opposite it on
the primer extension strand, and then the primer is further elongated by the addition of
[a—”P]-dCTP; dATP, two [a-*P]-dCTP’s and dATP. Sequential incorporation of ddG by

the nucleotide polymerase first encountering C terminates the elongation process. The
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No tenplate 76,675 95 Qapc-w 79,599 117 QCapc-p 82,584 4,821 Cap¢gijyL 2005
75,376 8,602 QOapc-d 100,634 6,571 The counts shown in Table 2, right
colum represents the anount of [(err)- 32P]- dCTP incorporated into the
primer extension Capc-w, a wild type oligonucleotide, is serves as the
tenpl at finar BRIk fridt tEOPRI-F 2. 0 Pls SRlré AR oAIERED téfrﬁrﬁgﬂﬂé}%&' Is C which
IS corrp?%ment alri 'y rratf:&he?q-by tﬁe termpﬁ{'gtor g‘{jG en th(kaénreggction of

t enpl at grandependent prinmer extension was started, the term nator ddG was
soon incorporated i.nto. 3' end of fthe imer . as.a first extended

nucl eoti de afid'® l?m%mur%ab‘b@ﬂ%ﬂniugfﬁog&e deletimemutant Qapend dablends

bl ocked t Q .culgggéﬂlég Venki6s 4l reb ' ! nded by
only onﬁ@é?@%i de base, Wi ch isgt heret r%%da{ﬁggmﬁh‘gﬂjigtlggﬁgii nce it is
not possitbidedigrincarpdratingitcordet, itde [T TP, FATP, bad tdiminepwithddai t er t he
termnator has boynd, the prinmer extension reaction has stoE_Eed. The

r adi oacThuse twoat PhCTRE wengdncorpeaisd énte tagerimenentensidnestiapdnTheses sini | ar

to th | e without tenplate, i.e., k d -
corpar i o brevigk M0t Aers By Heimeteva.s TR Rirtied B Rt 8bign OF e
t enpl at &ut%ﬁs.qqﬁ@mnﬁmddﬁﬁha&énﬁ% fHepridehsl $0RG tipd OF B bgnt T at the

first unpaired nucleotide at the end of the"wld-type tenplate. In
thi s capeaformigg olypng test.ead of the term nator ddG was conpl enentarily

mat ched to tQe,.nut at ed..nu i.de.T. when the | mer, ension.r.eaction
has start ed. PRERRY R0 i el apd DaBRad B or
ddG waslabéle@ hileatide weoné incbippratedints e Ripaxtaasiondtrand. SHicmeltiple t he
tenplate strand. In the nutant oligonucl eotide enconpassing an_jnsertion

nut at i olabeligrdramatieally pabpecsd thedetection:seasitivity dn gdgitipn.dhe tsbsaasttivit¥ is T,

whi ch i o] I I . ] . | .t he

o mor 15 850 BRI SRR b ronh TR et e RS o

ext ensi pRr&t IR exarApie, AlNeNthe HonRérmTBitolsTah be lRledehiihaa! R4 #PY-CTFe [@ddi ti on
of [(err)-32P]-d , dATP, two [a-32P]-dCTP' s and dATP. Sequenti al

i ncor poPRI-AAR, id-"TRIG TR, in ektending kieqprinder. pol yner ase first encountering C

termnates t ee lenluﬁypqg Iaﬁ:gﬁné) glgg glgosvide-ls_gg o%)gor%gnit‘%}%lé lgb%? gle non-terminator

nucleotides with different detectable markers to distinguish each non-terminator
nucleotide base. For example, the nucleotides can be labeled with different fluorescent
dyes, the primer is then extended carrying the different fluorescent labels. Detection of
the different signals at the same time will increase the accuracy of the STA test. These
advanced multiple labeling features associated with the inventive STA reagent and
method provides greater mutant detection sensitivity and accuracy over methods known

in the art.

Example 2
PCR products of human APC gene were used as a test sample. A fragment of
APC gene was PCR amplified by using standard PCR protocol. Human APC cDNA was

used as a template. The primers used for PCR are listed in Table 3.
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final result is that three [cc- 32p] -dCTPs were incorporated int O@Eﬂf
primer extension strand. As in the insertion nmutant, the oligonucl 4lq 205
del etion mutant, OCapc-d (Tables 1 and 2), was assayed using the inventive
STA reagent and nethod. The prinmer was extended by incorporating in
order, two [a-32P]-dCTP, dATP, andgtﬁﬁ ated with ddG Thus, two

[@a32P] -CTP' s were incorporated int e gri ner extension strand. These

results prowrae strong evidence that the inveinkdore STA net haskrigen det ect
all types of mutations The STA nethod can identify the presence of any

type of STRSCAETGHABHCTATETTGr i ng only one test®™ By ti cul ar | YIPRPE he
del et i orsEgmRIND:Aserti on nutations (Qapc-1 and QCapc-d) nultiple |abeled

nucl eot isdRHBTABTECAGKEGTPaRBIRAGETIOBCEOEA PT i Merevéd €nsi on st raRepe Thi s

mul ti pl ﬁssqlnz{fg-lni ng dramatically enhanced the detection sensitivity. In
addi tion, “the t'est sensitivi tCY, can be further increased by usi %

di f f er eAtAGRIEFERAPISTTIRETEAUM TCRCPHEr same defEction  rPRPRRfrtionddt A

exanpl e(SEQlibNOB) t he non-term nators can be | abel ed, such as, [a-32P]-CTP,
[a- 32Pk- AtcctésAidraFmRactitgastergbosgci he pricRe . The iwmddhibd dakaonl Gd¥el | NQ
al so pr %EQSE?O' opportunity to |label the non-term nator ~nucleotides with
differe etecCtable markers to distinguish each non-term nator

nucl eot P AFFISEICASFTOETIAGTEE -t e HECTESTPHES™EER be | GBS = TPCTT

di f f er exSEQflPNON®scent dyes, the primer is then extended carrying the
different fluorescent |abels. Detection of the different signals at the

ti i i n f STA test. dv. d
il i pl o | abdonkEHiE BCR PwRic f EactaDl Bpmiets ktrited BY SmoRiigRRE "ang
met hod é;%ﬁmlg&% PhSAE APRIHARLd sngj%g: 59A8E bipidt YmARbrA QT2 Qaviger

met hods in the art. Exanple _products of human APC gene were
used as aa itsegionsanjatien and AP&gdrehavingfa dedetiongontations TRCRCRpprodegtewersy usi ng

standard PCR pr.gtocol . Hunan APC S ed a .1 enpl at e, e priners
s oPpE 915 Eapie £et I Rertve B emptE and FESaRRedtideE Prpiandd

were then purified by Qiax DNA purification Kit (Qiagen). The STA primer is designed

as 5’ -AGGTGGTGGAGGTGTTTTACTTC - 3’ (SEQ ID NO:11) and STA reactions

were performed in 2 total volume of 20 pl in a buffer containing 10 mM Tris-HC, pH

8.3, 50 mM KCl, 2 mM MgCl,, 0.05 pmol double strand PCR product, 5 pmol primers,
20uM of dATP, dGTP, 1 pCi of [a-**P]-labeled CTP, 20uM non-labeled dideoxy TTP
and 2 units of Tag DNA Polymerase. Twenty cycles of 94 °C for 20's, 55 °C for 1 min
were performed in a thermocycler (Perkin Elmer, GeneAmp 9600). 1 plof STA product
was applied to Trim Strip, a thin layer chromatography strip made by TRIM Corporation
in Japan, and radioactivity was counted as described in Example 1. The results are

shown in Table 4.
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Prinmer direction
(SEQ ID NO6) S
(SEQID NO7) 5

mutation Tto A (SEQID NO 8) 5
reverse insertion nutation GCA (SHQABLENO 9) 5'

descri ption

ATHET. rever

5!

se deletion mita

TCCACCTGAACACTATGITC forward wi |
AGGTGGTGGAGGTGTTTTACTTCTGCTTGGCGGCA reverse wild
AGGTGGTGGAGGTGITTTACTTCaGCi TGGCGGCA rever se poi nt

AGGTGGTGGAGGTGTTTTACC CgcaGCTTGGECGGCA

ﬁ’@ygg%%

AGGTGGTGGAGGTAE TCFACTTC

Lon TGOl T LQIZO

Four different P

CR products SI

y doabbaunt200 bp W

nL@begeden@mw by

combi nati on of
poi nt nutation;

A Et‘rmpir?g i ng

TP er i on mu

YP<, /—\r\,-p
all}l4 n and APC-d:

deletion nmutatio
renove the tenpl
by Q ax DNA purif
- AGGTGGTGGAGGT GTH
performed in at
pH 8.3, 50 nM K

papde PCR pr o
hte and free n

lougd s7mere  appl |
c[eotides. The pt

2go4 0 1% agar ose
oducts

Pgmd-pon Kit (

1 TTI\("TT(" Q'

QI95H4% . The STA

/QE(\IF\I\IF\-_

35j566r

JF%H’C'K/OI ume of

’l_’l.
536“9%% a buffer

ara:

0 PCR pro

DRPRF L GATE. 0

prol prinmers, 2

non- | abel ed dideoxy TTP and 2 units of Taq DNA Pol yner ase.
were performed in a thernmocyclg

GeneAhequivogr in 2lithise traof mutant samplashasheen eytopdedr it (grr Pb a

of 94 C for
El mer,
thin | ay

20 s,

pmol_doubt
I’Il’,ysgﬂ)o of [(err

1300

| abel ed CT|

55 C for

radi oactqpc(rp:F hh%g‘g 88@8@%1%?&‘

shown i ny,
tenpl ate

oSty

1 mn

P

carried in the prlmer extension strand.

Example 3

o e B

thélﬁbéﬁoﬁéllaté’@@éll withBhénimB@rto labeledviugldotided thdt &ei mer

er éx&ﬂ#
e resu

an,
S are

| D NO 10)

Havi ng a
havi ng a
gel
were then purified
|s deS|gned as b5

to

wer e

4 ni ng 10 mM Tris-HCO ,
uct,
P, 20M

Twenty cycl es

5

(Perkin
and

No

The inventive STA reagent and method was applied to RNA fragments of human

APC gene. The PCR products of human APC gene in Example 2 were ligated into TA

cloning Vector 3.1 (TA cloning kit, Invitrogen). Four vectors were constructed and they

are listed in Table 5.
TABLE 5
Vector Insert description Name of RNA products
Tapc-w APC-w Wild type | Rapc-w
Tape-p APC-p Point Mutation Rape-p
Tapc-I APC-i Insertion Mutation Rape-I
Tape-d APC-d Deletion Mutation Rapc-d

RNA species corresponding to each vector was synthesized using an in vitro RNA

synthesis kit (Promega, WI). The RNA was synthesized at 37 °C for 1 hour in buffer

containing 2g of vector and T7 Polymerase. The reaction was stopped by adding LiCl

and 100% ethanol. After incubation at —20 °C for 15 min., the RNA was precipitated by
spinning in a centrifuge at 14,000g for 15 min., and the purified RNA was resuspended in
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Papc-w 208, 271 595 Pape -p 197,494 5,568 Papc-i 176,984 10, 372 1Papt-705
195,570 12,010 The priner in all three types of mutant sanpl es has been
extended with [(err)-32P] dCTP. The intensity of the strength of the
signal generated by the pri mar extension incorpoating the | abel

correl aAtras %emq ' ried

in the pri ﬁég}ﬁ!&%ﬂ;% ran m%%dkﬁﬁﬁhgg:m‘:&#lﬁ%dnegﬁbe g@/? lee%'?{ and

net hod wastabpelhine b0 HRVAfTEF agitatiing 1omeJm%1H01\BH ‘D680 mMNaE@Bna noduct s

of human APC Igene in Exanple 2 were Ilgated into TA cloni ng Vector 3.1
A

(TA cl omMKEkl.t The m;xwwéﬁyeat Flmmrvéét@fr € fsdaninytesifplliovedibpauenching  are

listed in.Tahl B 5 I oducts

Tapc-w RB@CM rgmfl EI(;A E‘)Egkp(';"}{(\(g/\tv apc- l%?%b% %g‘%@{sﬁﬁﬁ%\ﬂﬁ?‘ﬁ%mﬂﬁg’p@h@u Prrapc I

APC-i | Rafialdigg1 M'bﬁEd &) Radeted! dCTRES OGRS, J06RC N DVpont-New Rapc-d RNA

speci es corresponding to each vector was synthesized using an in vitro RNA

synt hes|E31gkmﬂNM@@Q&#W)&TPTH@TR[\EM/\HEmeﬁﬂmslabddd ddTBF, &hd 20 udithour in
vect.or and T7 P The reaction was

buf f t
s? opSLdoﬁ%‘é‘s‘sf" as r%rs aﬁf&rm%@t&%mgfﬁﬁémmwaﬂ%@waszo C for 15

L @%gﬁg‘fPﬁﬂéa‘H{ﬁ%? 180 IR M 1 B8 oGRS bRl THin 0009 Tor
RNase- f i5egp wd tie- radicadNrym oiunted aviédoribbbinIHAnIé TE The essutts ARcshbwn

Exanple 2 in a total volunme of 10 | buffer containing 10 mM Tris-HC pH
7.6, 50m%ANES . and 10 nMKCI. The mixture was heat denatured at 65 C

for 3 mnutes followed by quenchi ngi lgce for 2 mnutes. STA reaction
was perfornmed as described in Exa the buf f er )

sample Total Counts Labeled Primer

No template 167,496 690

Rapec-w 172,734 435

Rapc-p 166,979 1,745

Rapc-i 170,801 7,348

Rapc-d 174,888 7,360

All of the above steps involve chemistries, manipulations, and protocols that have
been, or are amenable 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 increases in productivity for
virtually any diagnostic procedure that depends on the detection of specific nucleotide
sequences or sequence differences in nucleic acids derived from biological samples.

All of the references cited herein are incorporated by reference in their entirety.

21



containing 1 | of [a- 2P]-1abeled dCTP (250 (err)GCi/m, 3000 Ci/n]l‘ol
Dupont - New Engl and Nucl ear), 10 M dATP, dGIP, and 10 M of non-’lﬂa b1 288p
ddTTP, and 20 units of reverse transcriptase. After incubating at 40 C
for 15 m nutes, the reaction was stopped by heating at 100 C for 2

m nut es. Wheldsclaimedifct i on product was applied to Trim Strip and the

radi oactivity was counted as described in Exanple 1. The results are shown
in Table 6. TABLE 6 sanple Total Counts Labeled Prinmer No tenplate
167,496 690 Rapc-w 172,734 435 Rapc-p 166,979 1,745 Rapc-i 170,801 7, 348
Rapc-d 174,888 7,360 Al of the above steps involve chem stries,

mani pul ati ons, and protocols that have been, or are anenable to being,
aut omat ed. Thereby, incorporation of the preferred node of practice of
this invention into the operation of a suitably progranmed robotic

wor kst ation shquld result in significant cost savings and increases in
productivity fdr Ammethadifor datechinggproseantihnne ediareet hutletepadds on t he
det ecti ons@inpieesiddrssifpc! eoti de sequences or sequence differences in
nucl ei ¢ aci ds g i ved from bi gl ogi cal sanples. Al of the references cited
herein are inc %oP&F%PB& & BRWEE OB RlAMERdRTY Eheiseensnce mmeditely. 2005

V\halt i's chaktidm 8f a t&r%é\ Wedlboddé Bhsélat aGlrendidtimidéa ¥ dsitiofon & ar get t
Lo a sequinioridbert & BRBIcS: S alerdan helig Lbe tothedaty et bt oo o
pr edet er meredtawshuckzotide o a keowhavdddiypa mutéaide baéed of interest, _
et en 41, SO P aEkbBBR s LSO RN e Ao v
i nt er est , nifleipacid is double-stranded, so as to obtain unpaired nucleotide bases
spanning the specific position, or directly employing step (c} if the nucleic
acid of interest is single-stranded;
(c) annealing the primer from (a) with the target nucleic acid from
(b) under high stringency conditions to obtain a primer-nucleic acid duplex,
wherein the target nucleotide base in the nucleic acid of interest is the first
unpgaired base immediately downstream of the 3' end of the primer;
(d mixing the primer-nucleic acid duplex from (¢) with a primer
extension reaction reagent comprising: () one type of terminator nuclectide
or optionally, absence of a nucleotide, that is complementary to the known
wild-type target base at the predetermined positicn of the nucleic acid of
interest, and (i) three types of non-terminator nucleotides that are
different from the terminator nucleotide in (), and at least one type is
optionally labeled with a detectable marker, w'herein non-terminstor
nucleotides are not complementarily matched to the known wild-type target
nucleotides;
(e) performing the primer extension reaction by enzymatic or
chemical means, wherein the incorporation of said terminator nucleotide or
non‘terminator nucleotide to the primer depends upon the identity of the
unpaired nucleotide base in the nucleic acid template immediately
downstream of the 3' end of the primer, and wherein incorporation of said
terminator nucleotide in the sequence complementary to said target
nucleotide base in the nucleic acid of interest will terminate said primer

extension without incorporating sny labeled non-terminsator nucleotide in_
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nucleic acid is double stranded, so as to obtain unpaired nucl eoti de bases
spanni ng the specific position, or directly enploying step (c) if the
nucleic acid of interest is single stranded; (c) annealing the. l@rjyregp;
from(a) with the target nucleic acid from (b) under hi gh stringency
conditions to obtain a primer-nucleic acid duplex, wherein the target

nucl eotide base in the nucleic acid of interest is the first wunpaired
base i medi ately downstream of the 3' end of the prinmer; (d) mxing the
prinmer nucleic acid duplex from(c) with a primer extension reaction
reagent conprising: (i) one type of term nator nucleotide or optionally,

b f h | he k i
shsence, o GO el B L ST, B, e o e
i nterest, I?mdttérm)nathr desey et axe ladel e rnidriatrthexwmbbsgini daé&tntttai are
diff t r : on eis
opt | onal |y A0 P AGebBORIRE % BREARLG ARy Ihb lun e 80eoRRE oG
nucl eot i delsolafﬂermmafoommlcm:ﬁteadabyledmxthahd detérdableonmaker, | af type t ar get

l eotid t

Nl SR B e RO SR AL RV 5,
non-t er mi rigteEtinganediddshabis dampiemeatare pe bhie mutebed haclapite baseots t he
unpai r ed m&mwcbt&p@ﬁa@n ?mh&prwg{e@ @techd ptrﬁm?t Bl Gaidedhat el y

downstream of the 3 the primer, and wherein”incorporation of said
t er mi nat ore’H'GBF’é’(?t’l'e@é? 1i°ﬁ ?Hé sequence conpl enentary to said target
nucl eoti de base(f} n dtelﬂﬁ'lﬁiﬁhglthe pebsbmrE aimit ﬁreeﬁityVBflthetrﬂimdtad@bsgd & primer

ext ensi on ncor por at. a | ab rmn nu ide in_
o5 6 o0 SR RSB ASLRR AT LR R P B R B e tbt g thi
primer corinsopmrased bﬁiﬂdm@nmenannatobasebhetmameare | abel ed, and further

wher ei n, when the target nucl eotide base is changed to any other type of

nucl eoti de, one_ of ternj.nat or _nucl eoti des | abeled with said
det ect abl e nmakef:, & e Snethod accos ing to claim 1, w erem the primeras a

fragment, of deoxyribonucleic or ribonucleic acid, an
oligedeoxyribonucleotide, an oligoribonucleotide, or a copolymer of
deoxyribonucleic acid and ribonucleic acid.

3. The method according to claim 1, wherein the nucleic acid of
interest is deoxyribonucleic acid, ribonucleic acid, or a copolymer of
deoxyribonucleic acid and ribonucleic acid.

4. The method according to claim 1, wherein the target nucleotide is
defined as any known base, which include wild-type or a known mutant
base so long as the base is known and it is desired to know its variant.

5. The method according to claim 1, wherein the terminator
nucleotide is a dideoxyribonucleotide and the non-terminator nucleotide is

a deoxyribonucleotide or 2 ribonucleotide.

6. The method according to claim 1, wherein the terminator
nucleotide is unlabeled.

7. The method according to claim 1, wherein the terminator
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optionally not |labeled with any marker if mass spectronetry is used as a
detecting nethod, that is conplenmentary to the nutated nucleoti def hgsggsi s
sequence dependently incorporated into the prinmer by said priner

extension reaction; and (fl determ ning the presence and identity of the
nucl eoti de base at the predeterm ned position in the nucleic acid of
interest by detecting the incorporated | abeled non-termnator in the
prinmer. 2. The method according to claim1, wherein the prinmer is a
fragment of deoxyri bonucleic or ribonucleic acid, an

ol i godeoxyri bonucl eoti de, an ol i goribonucl eotide, or a copol yner of

deoxyri bonucl ei¢c acid and ribonucleic acid. 3. The nethod according to
claim1, whetleptidetielahatedivothaei c&letettabﬂmrrmr&xsr thst tkediffarebb ook ¢he aci d,

ri bonucl ei Q deoxyri bonucl ei ¢ acid and rlbonuclelc
acid. 4. T g?%%?gnﬁkg?g%% mglﬁErm "aim 1, wherein the target nucleotide is
defined as any known base, which include wild type or a known nutant base

so long as the baseysy i @Bl fomads T SthaRikPWI GOVALL AbIS The

met hod accpordi ng ¢oclalm1 wherein t ef m nat o eot
di deoxyri HU{:F*@@t s condacted wgh m@r mrnmn@ﬂor\u@p@@m@e, wherein each

deoxyr i bonwén eekhtestdfs & YARWHIGHBPIE J8amb orﬁaﬁe%maeeﬁmé D%k 0 claim
1, wherein the term nator nucleotide is unlabeled. 7. The nethod

according to claim1l, wherein the termnator 23 18 JUL 2005 nucleotide
is labeled withSa @‘hbeﬁéﬁhﬂd&amt&ﬁfg tohdaim 9, dWHdrefevhid detectdide maBer on

(dy, "the dUAPERCS P ateril Bt s nEnbReP e AR e R o

nucl eot i deerotedrebgandeach non terminators is |abeled with the same or
di fferent detectable narker.

10. The method according to claim 1, wherein said detecting is
carried out by mass spectrometry.

11. The method according to claim 1, wherein szid enzyme is
template-dependent.

12. The method of claim 11, wherein the template-dependent
enzyme is DNA polymerase.

13. The method according to claim 12, wherein the DNA
polymerase is E. co/f DNA polymerase I or the "Klenow fragment” thereof,
T4 DNA polymerase, T7 DNA polymerase, or T. sagueticus DNA polymerase.

14. The method according to claim 11, wherein said enzyme is RNA
‘polymerase or reverse transcriptase.

15. The mrethod according to claim 1, wherein the primer comprises
one or more moieties that permit affinity separation of the primer from the

unincorporated reagent and/or the nucleic acid of interest.

16. The method according to claim 1, wherein the primer comprises
one or more moieties that allows linking the primer to a solid surface.
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9. The nethod according to claim1l, wherein said detectabl e marker

conpri ses an enzyne, radioactive isotope, a fluorescent nolecul elBali 005
protein ligand. 10. The method according to claim 1, wherein said
detecting is <carried out by mass spectronetry. 11. The nethod according
to claim1, wherein said enzyne is tenplate-dependent, 12. The nethod of
claim1l, wherein the tenpl ate dependent enzyne is DNA pol ynerase. 13.
The net hod according to claim 12, wherein the DNA polynerase is E coli
DNA pol ynmerase | or the "Klenow fragnment” thereof, T4 DNA pol ynerase, T7
DNA pol ynmerase, or T. aquaticus DNA pol ynerase. 14. The nethod accordi ng
to claim1l, wherein said enzyne is RNA polynerase or reverse
transcriptase. 1%5. The methwids ceovding tegclean diSamh ek eimblee edaietibe pri mer

conpri ses . MErieks FR¥tE, BPhQ iitc?ﬁ‘int hat permt affinity separation of the
prinmer fromthe unincorporated reagent and/or the nucleic acid of

interest. 16. The nmethod according to claim1, wherein the priner

conprises one ¢§ MLe APIR : I lei Qi 139; I; to a solid
surface. 24 10 JUL Zoogﬁml}%?%’ ,gwrr&glttgh%délgig%olﬁd%&?bﬁ gﬁ%Pﬁnql%?sv\her ein the
moi eti es COHPPTIERS bt PRAFItRRIGi t oni n. 18. The nethod according to claim

16, wherein the noieties conprises biotin or digitonin. 19. The nethod

according to clajym wherein the nojeties . _conprises, a DNA.or RNA

sequence t hat pZ?“m’ ﬂhgbﬁ?ﬁ"rﬂ%ﬁi‘/&'gé att""l%ﬁnﬁflstllf" eXsM ?@'F RPERFE he

uni ncor porateprisengdiNAANCIRNA sheuen fhat memdtobffiinitpseparatioraobtise

PRI & pAnt RSB Shh REFHSNES B FaRtind B B0 UElcRi€ o3 S uitbicdEned 1O
via base pairing to a complementary sequence present in a nucleic acid

attached to a solid support.

20. The method according to claim 16, wherein the moieties
comprises a DNA or RNA sequence that permits affinity separation of the
primer from the unincorporated reagent and/or the nucleic acid of interest
via base pairing to a complementary sequence present in a nucleic acid
attached to a solid support.

Z21. The method accoxding to claim 15, wherein the moieties
comprises 2 DNA or RNA sequence thet 2llows the primmer to link to a solid
support via base pairing to a complementary sequence present in solid
surface.

22. The method according to claim 186, 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
surface.

23. The method according to claim 1, wherein the nucleic acid of
interest has been synthesized enzymatically in vivo, in vitro, or synthesized

non-enzymatically.

24. The method aceording to claim 1, wherein the nucleic acid of
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20. The nmethod according to claim 16, wherein the noieties conprises a
DNA or RNA sequence that permts affinity separation of the primerjyf r}mm
t he uni ncor porated reagent and/or the nucleic acid of interest via base
pairing to a conplementary sequence present in a nucleic acid attached to
a solid support. 21. The nethod according to claim 15, wherein the

noi eties conprises a DNA or RNA sequence that allows the prinmer to link
to a solid support via base pairing to a conpl enentary sequence present
in solid surface. 22. The nethod according to claim 16, wherein the
noieties conprises a DNA or RNA sequence that allows the primer to |ink
to a solid support via base pairing to a conplenentary seqguence present
in solid istereatés sP3thebhaedney bolyreaase dhapn reacticdi.m 1, wherein the
nucleic acid of interest has been synthesized enzymatically in vivo, in
vitro, or synthesized non enzymatically. 24. The nethod according to
claim 1, wherei4b.t HEhamcétriod axcbeiing to2baithB 1,) Whe2005thd Nt &edsh ciidsof

Synt hesi 2fl e PRbYIRIASS, CAL ILILGACH] g 2B iThe method according to

claim1l, erern nuclercaci 0g%‘rrpri ses non-nat ur al
nucl eoti de anal ogs. 26. The nethod according to claim25, wherein the

non-natural  numd eobhge, analioas,e Hﬁgb%ﬁ(ﬂ@@%}/ Q$LREHY non-natura .
7-deaza?2' - '-Ech lganos ne. 27.  The nmethod according tq clljal m 1, wherein
t he sanpl & ?%t? gasa BRI PBHPEPNGrFariidenra RRNAC P XBRATRIPES
thereof, or cDNA prepared from RNA transcripts thereof. 28. The nethod
according to clgi mJd, whetrei.n the sanple conprises, extrageponm c DNA from
an organi sm R 'trihgc??'?%‘t"é 9(%8’?%65,“9(9?&1%‘”]‘&% HIRBIR FOprises
transcri ptgenbhacdONA from an organism, RNA transcripts thereof, or cONA

prepared from RNA transcripts thereof.

28. The method according to claim 1, wherein the sample comprises
extragenomic DNA from an organism, RNA transcripts thereof, or cDNA
prepared from RNA transcripts thereof.

28. The method according to claim 27, wherein the organismis a
plant, microorganism, bacteria, virus.

30. The method according to claim 28, wherein the organism is a
plant, microorganism, bacteria, virus.

31. The method according to claim 27, wherein the organism is a
vertebrate or invertebrate.

32. The method according to claim 28, wherein the organism is a
vertebrate or invertebrate.

33. The method according to claim 27, wherein the organism is a

mammal.

34. The method according to claim 28, wherein the organism is a

mammal,
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29. The nethod according to claim 27, wherein the organismis a plant,
m croorgani sm bacteria, virus. 30. The nethod according to claim 28,
wherein the organismis a plant, microorganism bacteria, virusl§3 7ije
met hod according to claim27, wherein the organismis a vertebrate or
invertebrate. 32. The nmethod according to claim 28, wherein the organi sm
is a vertebrate or invertebrate. 33. The method according to claim 277,
wherein the organismis a mammal. 34. The method according to claim 28,
wherein the organismis a mamml. 26 18 JUL 2005 35. The net hod
according to claim 27, wherein the organismis a human being. 36. The
nmet hod according to claim27, wherein the organismis a human being. 27
35. The method according to claim 27, wherein the organism is a

human being.

36. The method according te claim 27, wherein the organism is a
human being.
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