WO 02/ 079516 PCT/ US02/ 09482 NUCLEI C ACI D ANALYSI S USI NG NON- TEMPLATED
NUCLEOTI DE ADDI TION 5 Field of the Invention The invention is in the field
of nol ecuwern2brshi©gy. 10 Background The determ nati on of pamalisez/es48ri d base
sequences is i'nportant for both research and diagnostics. Many techni ques
for determ ning nucleic acid base sequences have been devel oped over the
years, e.g., controlled chem cal degradation (Maximand Gl bert, 15
Proceedi ngs of the National Acade of Sciences USA 74: 560-564 (1977),
2' 3" di deoxy NUGBRERCIALCH M%XS%%SMG(&Q%EEWLMEWWW Eof the
Nati onal Academy of Sciences USA 7ADIHA@®MNG467 (1977). A variation of the
technifjue of chain term nation sequencing is known as single base
extension_or "mni-sequencing"” is perfornmed when nucleic acid base
sequence Figldofdhe lnyentian r equired for only a single base site adjacent to
the 3" term nus 20 oligonucleotide primer. The techni que of single base
extension is described in US patent 5,856,092 and Syvanen et al. Genom cs
8, 684- 692nd AReNtich B EHecvldb Moletulgt Bioldgse extension techniques is the
difficulty associated with identifying the single base extension product,
particularly in an electrophoresis . Variations in the signal produced by
t he sh?glﬁad{ %ﬁlextension product, e.g., as detected by an el ectrophoresis
appar a usr—ngg%egthe result of 25 variations in signal produced by
di fferences between oligonucl eotide prinmers. The problens associated with
identifying si ngl e base extension products becone particularly troubl esone
&

in nul ti pThxdlgtesmingtien (pfsaucisie apidi base rsegeancends impprtank Jer bethsrepesied grdyi ded

nmet hods, .c0 si ti,Qns i £ ngl s e f derat] h ens
nesoot at edRERr oA iR g Rl e bR Rt BB L BeAdR T R0 5
Sunmary Oﬁev@hi%ieai svderedieaNt ., ddontiBed RMEMidaDdegradatidh Q2464096 Gilbert,
PCT/ US02/ 0948 )

15  Proceedings of the National Academy of Sciences USA 74: 560-564 (1977), 2'3' dideoxy

chain termination method (Sanger et al. Proceedings of the National Academy of Sciences
USA 74: 5463-5467 (1977). A variation of the technique of chain termination sequencing is
known as single base extension or "mini-sequencing” is performed when nucleic acid base
sequence information is required for only a single base site adjacent to the 3' terminus

20  oligonucleotide primer. The technique of single base extension is described in US patent
5,856,092 and Syvanen et al. Genomics 8, 684-692(1990).A problem with single base
extension techniques is the difficulty associated with identifying the single base extension
product, particularly in an electrophoresis . Variations in the signal produced by the single
base extension product, e.g., as detected by an electrophoresis apparatus, may be the result of

25  variations in signal produced by differences between oligonucleotide primers. The problems
associated with identifying single base extension products become particularly troublesome
in multiplexed single base extension reactions. The inventors have provided methods,
compositions, kits and software for ameliorating these problems associated with identifying
single base extension reaction products.

30

Summary of Certain Embodiments of the Invention




One enbodi nment of the invention is a method of producing an oligonucl eoti de
extended by a single nucleotide base. An oligonucl eotide and an extension
term nat iwQ oozdseoti de are mxed with an enzynme havi ng t @CmiUusal/09482

transferase activity. The reaction produces an oligonucl eotide extended by

a single hase., The extended oligonucl.eqti.de may be use S,. IyZ
Standard Do ceprgimsryERe B BiugR ML ERer BheTn S RS L BRI b G o

i nvent i ongihsledubRbNAS bfe. PAR BliGbReticbtide %hdhe cfensiohdemiiahiagl mdtmtidextended
by different single bases. An oligonucleotide, a first extension

t er mi nat i mgxednwish et ¢rpmedpying tosminl trensfeass aetiviler nharéangomptodeessi e ar e

m xed with.an enz avj 10.termnal. transferase activity. .The first and
second ex P]é%u@ﬁogg‘?ﬁqﬂ&f[ea%’ %?%gésﬁ‘dige e’?‘%‘?f{?‘ﬁio@%' cﬁ?oéltdg 2y g @P%({)?Si Ye

bases @ndgag a)BPE G PasdickicftiBRteadb@iiR] S- The identity of the different
extension term nating nucl eotides (and hence the extended oligonucl eoti des)

maybe ascertained by reference to the specific | abel incorporated. 15

Anot her enbodi nent of the invention is hod of identifying the reaction
o oduct s oRoGeraMeodE S HEedd wieBelpbosuie 4 SR ront oS

| NSTTUMentyieficdd- b a&f&a&toaﬁ%e%afséyOrp&se%ﬂﬁﬁclegﬁ&eec; IR ShERlhORARMEEHS
system such as an Applied Biosystems PRISMr) 377, PRISMr) 3700 or

PRI SM@ 31 aficlecidepdridgaacmdeatdndimndortrmeting nugeattiscte insxqdrvathaeniziyge haviigng an
ol i gonéjcl eotidf wth an extensjon_term natirgg nucl.eot i de a%nd an enggi ne
havi nd t efFmie trapsisese AgBity ¢ 1A figst aad geconsly extepgipn;teapngting Wcleolides  1he

singl e baggy, 'ée%’ﬂ%i%%ﬁﬁ%ie@%d%&%@éﬂ@age I%Bél@&'?vﬁthfﬁ%fe@ﬁt b B identiBf SRA@r d

for conmparison wt e reaction products of single base extension

r eact i ons diffepshil exetensioisiengiratibhidugbetidess aralencethy exteadadioligemetpotdas) mgy be
reaction product. Si r}gl e base ol |ﬁ_or] cl eotide xt ensi on products produced
by the eni%?ﬁmﬁ%@/b}‘lbe frenGh tedhe snesiicraiel MCOmOFet-t y maybe resolved on a

detection instrunent, e.g. an el ectrophoresis apparatus, so as to produce a
signal indicative 25 of the single base extension product standard. The

si gnall5 maAnbthetisrebodiment sftthe thevenitidiois a nesthoplartiidaonti fying thestamiah prqpinctd of edgley
the reaction products. of .tenpl at e-dependent . si ngl e base extensjon reaction

product s. TeElFRHACIBROET IFRFATLTAFIAN N IR HPR HISHHRRY £8-PBALIEA S HORESCEHE or
more neth (agéctﬁlfﬁ dMropRGetit ¥ Qlch %@H%&gﬁ@@kg)sgéteﬁlg PREMND 891 pltidnie bAGd sde
kits that conprise a termnal transfera an ne or nore extension
t er m nat i PRISMEBEOD | Arsligdihelceriteagemsiontpesdichapradncad by miting esoligvayclbetide
| abel ed with the detectable noieties, such as fluyorescent dyes. ..
with an extension terminating nucleotide and an enzyme having terminal transferase activity, e.g.,
20  aterminal transferase. The single base oligonucleotide extension product may be used as a
standard for comparison with the reaction products of single base extension reactions produced
using a DNA polymerase, e.g., a mini-sequencing reaction product. Single base oligonucleotide
extension products produced by the enzyme having terminal transferase activity may be resolved
on a detection instrument, e.g. an electrophoresis apparatus, so as to produce a signal indicative
25  of the single base extension product standard. The signal may be used as a standard for
comparison with signals produced by the reaction products of template-dependent single base

extension reaction products.

Other embodiments of the invention are kits for performing one or more methods of the
30 invention. Embodiments of the subject kits include kits that comprise a terminal transferase
and one or more extension terminating nucleotides. The extension terminating nucleotides

may be labeled with the detectable moieties, such as fluorescent dyes.
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-2 WD 02/ 079516 PCT/ US02/ 09482 Definitions The term"term nal transferase”
as used herein refers to an enzyne having termnal transferase activity,
but not h&ovimE7ssigni fi cant DNA pol ynerase activity. The t ®CEUSS2/09482
"significant” as used in reference to DNA pol ynerase activity nmeans DNA

pol ymerase activity sufficient to performa pol ynucl eoti de extension
reaction that is tenplate dependent at |evel sufficient to produce

det ect abl p.appypd s of tenpl at e-dependent ol i gonucl eotide extension product
from an oligonucl eotide prinmed tenplate. Exanples of term nal transferases
i ncl ude EThedérin fermimbliransferessé'enasecd balein réfyrsuty terenzyrat haviagsteeningk, and

the 10 like. Term nal transferases are_.co i al avai |l abl e from many
conpani es TaRiasgs actiifpio Ak NOENaKing signifi rpﬁgﬁ’nﬁﬂft ,rasﬁle%%ﬁ%I ahtf B8t abs,
Promega, R ' S GO pBloAGHRR 6 ITA BRGNS NRLERULRDBAORIGRLGR S
The term "t rﬁnéa?ilglﬁtransl erease acti vI?t " as usegc he griﬁn re]?lgqus to the

((a nzy Irrat i caabitgbySiciena® peiforha pelymeealettiderextansichiredetion tlag Gttemdplaterdepbimiephat es
i ncl udi ng extensign termnati nucl eoti des) are covalently attached to
the 3' tefilenelsubicign temre@rr&éfegwbieemmmp} template Frgfeét Pﬁ&%@lﬁ%
manner. T . 1 X n i : 1 an ACEM
within OP#S%SFII%%/ gé)ﬁcggmﬁlgv@néﬁgg}u?%éhg@ P hgfl@( %?Apfl %tréfct ;E%%g quui viériféltr%¥ t o)
and with gamfeheetndede Erddtiveapinal gansémssepcal iMbymus wehdndlitchasferse aadded t o
the 3 prinme term nus of the 20 oligonucleotjde, irrespective of t&e
preseh@e ke.aptemdnaldranglorasspat eornyasiadirerveable fipn many Aompapiss B3 Ale.
The term "ol ] [ de’ h i I I i pdi cat

ot her wi se %}&gg’n ext’, ésb%%g??/&?egl ot g@?oéhg%ig] %ﬁn)ga?bg’o?&#a%ﬁ’ra 01%’ g%’?’?%eti c
nucl eobas Bsocherhicalss R e MibleofilabBiobhemidds The backbone of the capture

pol ynucl eoti de can be conposed entirely of "native" phosphodi ester

| i nkages, or it may contain one or nodified |inkages, such as one or nore
phosphor othi @ i.di 1-6:.0r jof i : cific
DS POr O\ A BB PRIl 0 as SN R L Bl RO o8 2B

cont aifs amdadton intvitith Mich@tide triphdshhhico(madludingemésiondérninatingnadedtaiegmrand
backbones that can be used in conjunction with 30 the inventiaon, as_well as

met hods f epvalendyattashed kedied' teamingeofagglgonycizotids arpIesin 4 tamplats ipdgpepdent

manner. Thus, by mixing an enzyme having terminal transferase activity within

oligonucleotide having a free 3' -OH (or functional equivalent to) and with a nucleotide
triphosphate, one or more nucleotides are added to the 3' prime terminus of the
20  oligonucleotide, irrespective of the presence or absence of a template complementary to the

oligonucleotide.

The term "oligonucleotide" as used herein, unless clearly indicated otherwise by context,
broadly refers to apolymer of natural or synthetic nucleobases, or a combination of both.
25 The backbone of the capture polynucleotide can be composed entirely of “native”
phosphodiester linkages, or it may contain one or modified linkages, such as one or more
phosphorothioate, phosphoramidite or other modified linkages. As a specific example, a
polynucleotide may be a peptide nucleic acid (PNA), which contains amide interlinkages.
Additional examples of modified bases and backbones that can be used in conjunction with
30 theinvention, as well as methods for their synthesis can be found, for example, in U.S Patent
No. 6,001,983; Uhlman & Peyman, 1990, Chemical Review 90(4):544-584; Goodchild,
1990, Bioconjugate Chem. 1(3):165-186; Egholm et al., 1992, J. Am. Chem. Soc. 114:1895-
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No. 6,001, 983; Unlman & Peyman, 1990, Chem cal Review 90(4):544-584;
Goodchild, 1990, Bioconjugate Chem 1(3):165-186; Egholmet al., 1992, J.
Am ChemwBme/07951¢l: 1895- -3 WD 02/ 079516 PCT/ US02/ 09482 P8INSOIA8ZNOV et
al., J. Am Chem Soc. 116 3143- 3144, as vveII as the references cited in

all of th

pol ynucl egﬁ‘gg}’gy%gv eto orrpots:h%% %cﬁ Egé; g Qﬁlr”g@??ﬁ“%é %Ieg@% c?il}a%lljnr aci |,
4-t hi our agji bf the abdv@MTehatéd moﬁrﬁeﬁb@ﬁﬁﬂtﬁe’ﬂl@h{mle&dswmﬁhﬂ)olylﬁ,rctlholﬂf&édmhy am no
purlne 6-met hyl ami no purine, 2-amno purine, 5 2,6-diamno purine,

6- ami no- 8bbreempogsdr inalnde honstiHpragl, n%ﬁ-h%ydwllf%@i dethicurepeh Sabremenrasil, Sand

7-d I t f d

Synt het o tprabaaettg C RmRtum T phar RAPR Ehuo o RE 2sbhdhuineeg can
be found by kasiRHurRBE6-aBRAE tkdho PAES %1@5%6?1@%051%\(7-6%&@11&@'—'“\'?
BI OLOGY, 1985, pp. 385-392; Beilstein' s Handbuc Or gani schen Chemi e

Springer Yed |7a@azzB@ulamsnm1d Agkbitioned | nondingiting r eemplesabf naddifigd on synibeiicle

ref erences to ubllc ti,Q cri.bing .the structures

prepar ati 8H° 189 a§?§(ﬂﬁw E %‘5%%5‘“01%8%9@?3%13 °5P1g 8?‘?@5?%8‘?{ H’g&ma%sﬂg% erein
i ncl udes Mbﬁeﬂymﬁﬁbbgﬁ%ﬂm@émﬁgﬁwmmﬁb&ijﬂmldmb?CM%SFﬁ@%%%%)

t hat have been joined, either covalently or non-covalently, to an

ol i gonucl &eilitelia’s Haedmchdbti tQugasischen! @hemiue,sspmgéat‘&rbg Mybenchﬂlammb to

virtu Sit n. 1 he oI ucI eotid rov de attachnment does not
5" br L emetitiecty ol gERbich Bt R chrenion gt decibibe e Aoy BobeingS
enzyme ha\éh&‘%?@ﬁaﬂbﬁ'%k suéhrﬂfb‘i’efo%&%eTﬁ&{ehﬁ'"b}igéiﬁﬁféohﬁe'aaﬁﬁééﬁmeﬁﬁﬁ’ﬁféld&%é\t of
the subj ect hods. Exanples of such additronal nolecul es include

mobi | ity wiigoduckptidsrthawnopriseadditenal mobeulde Graidnes) that ha\rﬁé)eelsmeémlﬂm U. S.

tents 5,514,543, 5,777, 09 5, 703, 470, .705.
pgxf Qn:. oﬁo‘(f’i‘?lﬁ]iy 5 DPH QOYR]%‘}tg’ofq Yro lgézgua%%@%h 3?18?%@&1‘0@3 C‘felg‘? @f( gloms) 4,
enzymati cally gaﬁ&%@ﬂfﬁﬁhﬁl{%&ﬁr‘sﬁ%ﬁ% oBeoittdoBiat, i isyviadahostdcAm¥hideds dohe

sugar noi ety oes not support Incorporation of subsequent nucleotides or
nucl ed$i dereveai thgsligdnppleotifie fioer hriingwwed s asebsttatser itre aizimh havieg tamiedbase

7-d - imdin | b
Lim%ﬁ“;h%%ag%aw%?gﬁ? abe iy arbadingr Pt b et da FEATRES i Rdes
- substi taE&PBneH %%leclﬁll&Qﬁéluﬁy ﬁ{o’ﬂﬁ tﬁ §.¥da§ﬁb?%bﬁ1 oﬁl%fshsu@ﬁ a?t}{é)gé\ﬁgécn@@z?stthé uents

that bl oc urther synthesis iInc but e not lrmted to, am no,
deoxy, halsolgedt,of &l. & payenssnsl514,543, 5,777,096, 5,703,096 and 5,470,705.

20 The term "extension terminating nucleotide" as used herein refers to refers to an
enzymatically-incorporable nucleotide or nucleotide analog in which the sugar moiety does
not support incorporation of subsequent nucleotides or nucleotide analogs. Typical
terminators are those in which the nucleobase is a purine, a 7-deaza—puriné, a pyrimidine, a
normal nucleobase or a common analog thereof and the sugar moiety is a pentose which

25  includes a 3'-substituent that blocks further synthesis, such as a ddNTP. Substituents that
block further synthesis include, but are not limited to, amino, deoxy, halogen, alkoxy and
aryloxy groups. Exemplary terminators include, but are not limited to, those in which the
sugar-phosphate  ester moiety is 3'-(C;-Ce)alkylribose-5"-triphosphate, 2'-deoxy-
3'-(Ci-Cg)alkylribose-5'-triphosphate,  2'-deoxy-3'-(Ci-Cg)alkoxyribose-5-triphosphate,

30  2'-deoxy-3'-(Cs-Cia)aryloxyribose-5'-triphosphate, 2'-deoxy-3'-haloribose-5'-triphosphate, 2'-
deoxy-3'-aminoribose-5'-triphosphate,  2',3'-dideoxyribose-5'-triphosphate  or  2',3'-
dideh§ldroribose—5 '-triphosphate. o



aryl oxy groups. Exenplary termnators include, but are not limted to,
those in which the sugar-phosphate ester noiety is

3' - (d - Covalorgtasikose- 5" -t ri phosphate, 2'-deoxy- PCT/US02/09482
3'-(Cl-Co)al kyl ri bose-5"-tri phosphat e,

2' -deoxy-3.-(Cl-, | koxyri bose-5-triphosphate, 3 .1

2> dooxy- 30 [ RO PNRPRRC Rkt bEARARAR, fpdRatytical instrument capable of

2" - deoxy- 3nalhah@pdlPasfeodides bdsBH 6B IR R (oweight) of the polynucleotide. Examples of
deoxy-3'-ani%%r?%pse-S'-triphosphate, é',3'?%?ﬂeox$rygose-5'ityip osphat e
or 2',3' - saihiddigationidboweents tot inclydespi arenot-limigd ©2 £BTgepl®TEGTINEBERETEH 482

The term "detection in nt" as used herein fers to i

ot r umendoctsbreotnred DA S et tr Pe app b Sebr P IS Y 4By

vei ght 3 ORISR 310! XBUSR NI 3160, 8k ABIPRISA 7081414 MGisepdtRBripASsHRNERAG T O
i nclude, but are not limted to, electrophoresis instrunments (included
aut omat ed tiBNkesequencers such as the Applied Biosystens ABI PRI SM 377, ABI
5 PRI SM 310, ABI PRI SM 3100, and ABI PRI SM 3700) and mass spectragraphs,
HPLC, and the like. The term "resol ved" as used herein with respect to a

det ect i on 7ipRgdhUNRBlveAeiEilstd h@reﬁ%ﬁﬁ}ésﬁ%’t togalt defectidf Thabiutnent R3S td degicaah i ve

of a polynucleotide by the 1nstrunent. ynucl eotide that is 10 said to

be resol vefa kpectivasignakindicatve offmpelinaclebtde hyshadistrnecsts dapalyyucleotigathatied or
purified, from other polynuc|eotides jn the mxture.. The term " DN/

bol y b as said 48 g SesaIvRd DYt FEREREnBAHE. SHY iRt BS??&W@FP%F%P&%% n a
tenpl ate ¢eREHEE @R{g tialde gdgiitdn of nucleotide triphosphates to the
3" termnus o?mgwol o}&i%glonucl eot | dte that is hybridized to a conpl enentary
tenplate. The term"label™ as used, refers to a detectable noiety that may

be attached to a nuycleotide {n such a as to permt the_addition of the
uc! cot 1 00 e aE A ERDTES 35 URe e S A FED MSAPANEOf ORBE bt de
in a reactj HNA, : | Btd oduce
B A L A i e
det ectiabl eligomickotids thanis Hybriflizadtes canplenhgatary tetmptat@phor es,

chem | um nescent conpounds, purified isotopes, and the |like. The term
"singl e base extension reaction” (or also "tenpl at e-dependent single base

ext ensi on .Télé §%rﬁle%%i"%g 'l'ﬁedrégé;ﬂfgi‘% Eo & QettdPat ﬁﬁgfét}p%aﬂﬁgﬂergtﬁkﬂ&i thAEutidsihY Of

a nucl eot i ase at a sp
such a way as to permit the addition of the nucleotide (bearing the moiety) to the 3' terminus

of an oligonucleotide in a reaction catalyzed by a DNA polymerase. Detectable moieties
20  produce a distinctive signal indicative of the presence of the moiety. Examples of detectable
moieties may be fluorescent dyes, chromophores, chemiluminescent compounds, purified

isotopes, and the like.

The term "single base extension reaction" (or also “template-dependent single base extension
25  reaction”) refers to a method of determining the identity of a nucleotide base at a specific
location on a polynucleotide template by extending an oligonucleotide hybridized to the
template or single base at the 3' position in a reaction catalyzed by a DNA polymerase. The
extension of the oligonucleotide is by only a single base (as opposed to multiple bases) may
be achieved by catalyzing the extension in the presence of one or more extension terminating
30 nucleotides and in the absence of extendable nucleotides, e.g., 2' deoxynucleotide
triphosphates. The extension terminating nucleotides maybe differentially labeled so as to

easily identified which bases been incorporated into the oligonucleotide. Thus, the 3' position

-5



| ocation on a pol ynucl eotide tenplate by extending an oligonucl eotide
hybridi zed to the tenplate or single base at the 3' position in a reaction
cat al yzedwby2@a7PBNA pol ynerase. The extension of the ol i gecwaisevedsde i s by
only a single base (as opposed to nultiple bases) may be achi eved by

Car i mat | Ry LR B0k A% L e BB R BAG, AR B g8

termnati In Senc endabl e nuc

e.g., 2 d@lﬁ&v&ﬁ%@ingwﬁa@@ exfehéiph @SPnad@sg a hglecoxtendsble mutROHINS thageither
nucl eoti des nmaybe differentially |abeled so as to easily identified which
bases beemsxiension pothas lagk phexiensien il detpsirde Iasetipitons Ph yarioysaetbodpefssinglen -5

WO 02/ 079516 PCT/ US02/ 09482 | t d i I b i . | at
Hepandont DR HEPSORIGERE: TRLR SoHtEn U el PR e B S0ue 264 afhayts ¥R 5,
addi ngsa $kagoe(1050 L MHRIBoAUIEARI IR haPbddiakteBlEIBY singl¥ bagsiharinMld bhsa | ack

of extension is detected. Descriptions of various nethods of single base
ext ensi on exteasipi tastiorin ajempbitedependdubmeanasfalsGrese:doo as GanpBierdepsndat al .

Genoni cs 8, 1t()584- 6%2[(:.1990 .. The gl iéﬁggnucl.(ggt%de JLhat has been ext eﬁded by
singl e basSHef,02:° SKHIFEN FRAHON BIPUIAT b1 FAhE PoA THER TefmEINCl SRR Nt
manner (abggh&@ﬁerred to as "tenpl at e-dependent single base extension

reaction products”) is said to be a "single base extension reaction
products." 10 Enmbodi nents of the Invention Several enbodi nents of the

i nventj.on gﬁlgte Ho EEe usefof term nal transferases (and other enzynes
havi ng-t e 1 188tivity) to produce oligonucl eotides extended
by a single nucleotide base. These extended ol i gonucl eoti de can be used as

standards for 15 conparison with tenpl ate-dependent single base extension
reacti on Seweakérsbodiinents it drediestentmini rglatetol thotsedd tpmudaldeahsisyasehnd vthere

havi ng term nal transferase activity | be identical to the oduct s of
Conpl ot o- CEPENEHIE FOMERLHOB TN Petibfiis LR IERsS REREGH £ he
i nvention g3 1aniBLARE BsePr e RenBd QlibGARUGHEO IhA & OhsciNseltfiRtardsZRr

extended by 7a single nucleotide base. An ol igonucleotide of interest is
m xed 16 t lvomperiam withoempéat¢-dersindentisergid baa¢ extensimnokeationgesduatsd Thacxendede

having term nal transferase activity. The enzyne having.termnal, .
{r ans or o QLRI DAY ERE BT AR B HEN) B o Ak iy e dfpntca
ter i nat i Rg b &RLd SiREmpRl-Behab hdiYastiBliaRR eidacdtien using more than

One embodiment of the invention is a method of producing an oligonucleotide of interest
20 extended by a single nucleotide base. An oligonucleotide of interest is mixed with one or
more extension terminating nucleotides and an enzyme having terminal transferase activity.
The enzyme having terminal transferase activity may be a terminal transferase. The
extension terminating nucleotides may be labeled or unlabeled. When using more than one
extension terminating nucleotides, the different chain terminating nucleotides maybe
25  differentially labeled so as to correspond to different nucleotide bases on the different chain
terminating nucleotides, thereby providing a method of conveniently identifying the base on
the chain terminating nucleotide that has been incorporated into the oligonucleotide. After
mixing, the reaction components mixture is permitted to incubate for an amount of time
sufficient to permit the formation of the desired amount of reaction products. Suitable
30 incubation times may be determined through routine experimentation and may vary in
accordance with parameters such as the specific enzyme selected, the buffer employed, the

reaction component concentrations, reaction temperature, and the like.
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extension term nating nucleotides, the different chain term nating

nucl eoti des naybe 25 differentially | abeled so as to correspond to

di f f er entwouweloesté de bases on the different chain term n&CrrggoneaBeot i des,
thereby providing a nethod of conveniently identifying the base on the

c h?“ nter g'(gtpfhg' QI%B\?(? g{eﬁp vEt t h%t Iggt?log rddﬂgﬂ%%ﬁg&%?eotﬂte? e{tgffded by a

ol i gonucl M Xi feaction CcoO

per m t t edsfnglel B¥es RAWRihOhe @mga;mmldefls 1dbeRd peidt fid Ehecatiditicn @Bﬁmbiteﬁsh@l
formati on of the desired ampunt of reaction products. Suitable 30

i ncubat i oterminasisg mayleweded eAéabﬁkﬁbqhgcrwd@ghdef oflimianest ésperadnEik 829 SRR may

Uhe” but f ePrEiTLyaas e R S iandie s RERE eaRe e B o
tenmperatu 'éﬁ'zyn?é"'lﬁ’avﬁﬁgetehhﬂﬁ@l tra@erQe%ﬁ@i@ﬁé? b téPRA/ 12948 rase ATRE BLtension

enbodi nent i'nvention is a nethod produci ng ol i gonucl eoti des extended by
a singl etdsgeting nwiﬁ@iide’s hEtY(bIellgmhftMremﬂabdb}dl Whembsihg thope than one exth@swn

of i nt o o STIBCRE TR, LRGN BRRLPER S EReRE e bR Ry WRRRE os

and an engyaRq Il@‘éb 'ﬂgcc;rf:ersﬁ%rmatb cﬁffél@ﬁtf ﬁfo?e%ﬁd@%s’ey bh Yhe d1ﬁﬂ%n5cl@1ﬂ¥ﬁéﬁﬁlﬂﬁﬁﬂg ng
termnal transferase activity may be a term nal transferase. The extension

term nati mgclmndee,dherdb)spm;dmga izttt deaf. conveméndlystiendifying dine basevg theelgin han

one ex ion term.n ucl eotides, the djff rent C er m nat

nucl e&){) i gnH?IF‘?afEiﬁgﬁ‘it?‘ § pgpn “F%%Crf%tad ’5“50{3"5 ofigorus} elogg rfll}xﬂigftb%r ent
nucl eoti d?ea@ﬁé@éoxﬁﬂoﬁeﬁ% b8 E@?émﬁﬁé’d f TSR R 'aﬁgtmdﬁﬂﬁ bﬁﬁfn'e@ﬁﬁiméd@% eby
providing a nethod of convenien dentifying the base on the chain 10
term nat i pgnmuﬂaleefonmadhentolﬁ&te dea]sedaamunt € magiamaredudts tHiitahle indibgbemtinest i de.

After Xi reaction conponents .m xture ermtted to.incubate for
an am)unt nbagr bg H’E‘e@ﬂfl?(fg?rgﬂghf mﬁefixﬂ?ﬂlmteﬂtétl?rb?ﬂfz BBy 1P RECFIGE HH mount

reacti %Qraﬂfeﬁaqy%{l& asuhb %Ble&ﬁb NGBRRL QledtddTREe DIRNY Qﬁlpci@tear Rhd196hctibh ough

routlne experimentation and may vary in accofdance with paraneters such as
t he sméC|bommemmwn@x&mﬁamm@dﬁmﬂhmibnpéamuﬁnpdﬁyé&p the reaction 15
conponent concentrations, reaction tenperature, and the |ike. The extended
ol i gonucl eoti de provided by the nethods of the invention may be used as

standar ds (1@, GARRRLE SIS gl%%f&euoag, L QLSS dRfint BIRhALS nfhgRRNARAbs
gl e base extension  reactio in conpari sons nay Obtai ned by
usi ng an etangards foavomparisen mithakaction products of template-dependent single base extension
reactions. Meaningful comparisons may obtained by using an enzyme having terminal
20 transferase activity to produce the same reaction product produced in a template-dependent
single base extension reaction. The reaction products of the subject methods employing
enzymes having terminal transferase activity may easily be designed to be identical to the
predicted reaction products of template-dependent single nucleotide base extension reactions.
For example, identity of reaction products may be achieved by using the same
25  oligonucleotide and the same chain terminating nucleotides in both reactions. While it is
preferable to use standards that are essentially identical to reaction products of template-
dependent single nucleotide base extension reactions, it is not necessary to use such identical
reaction products.
One example of a need for standards produced by the methods of the invention is in
30 multiplexed template dependent single nucleotide exténsion reactions that are analyzed when

an automated fluorescent nucleic acid analyzer (e.g., an Applied Biosystems 3100). In a

multiplexed template dependent single base extension reaction, it may be difficult to identify
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20 transferase activity to produce the sanme reaction product produced in a
t enpl at e- dependent single base extension reaction. The reaction products
of the suwpeeh79seé hods enpl oying enzynmes havi ng term nal PCrarsst/evsse

activity may easily be designed to be identical to the predicted reaction

products of t | at e- depe nt sin nucl-eot ext.en ons.
For ex gnpigecﬁ?d eﬁ‘?‘?‘i‘&ggiﬁ“% curh B ﬁztgf & i%ao&ﬂ%qgﬁﬁffegvéﬁl Epeyi&di}.ﬁ%ﬁ{ﬂhb N
safme Oldraibtin e SRt lebificd N A he #6ache t &Icbd BRI cthé e tifn DO
reactions. Wil eél t is prefer abCI eﬂ?(r) usesrbgt ar?dargs thgt are essenglllal |y

i dent i cal may beawed foonitigniedis probdémt enpl at e- dependent si ngl e nucl eoti de
base extension reactions, it is not necessary to use such identical
reaction products. One exarrpl e of a need for standards produced by the

met hods Ofy bkifihdrRufakinRht bﬁth!e@nve%@lom&ah@ieedaﬁ&eh@a@oaaae&m@ﬁiﬁedswnwI e
nucl eoti de extension reactions that are anal yzed when an automated

f1 uor escenhe puchet dificent labelby zetengien dermivatingppicicotiddi axl st @nsyr@qb@\)mgl n a

nultiplexed te enden | e bas exte Si.0 eacti on,

difficult ?fglll?aggﬁﬁil%fﬁ? L E}“é’;‘sol‘ffg%ti%‘l Pedyisaasfigyngitc eIEfdERgiop PF%&% on
product s hecaigs oA rHhRRI d'uE‘ts BRIdd hiedt R dfdasiser lha{@ﬁicﬁﬁloﬂsr QELR1iON
term nati ng nucl eoti des. reacti on products produced by the nethods of
t he i nvenpiaiuctspmydused ustemlﬂa:te-tdbperg]anmmgie bawexhﬂmrm rBadtions tiot keploy the
errbodl nt Ofﬁ%g inpvention, nultiple differe gonucl eoti de are m xed
with nesﬁpe Quglepds RIS 35 BFfo ke § "P’@?ﬁ nati ng nucl eoti des and
an enzyne having termnal transferase activity. This reaction produces
multiple different reaction products. The different reaction products can
be used adn scﬂcﬁﬁdatooksnﬁlmyinfg tbeminaf irangfemamesdd ca‘rebzzd: ﬂmrforrmtimimftoﬁgpmm&mﬁdd in

t enpl at e- dependent sin S Xt e reac ns t hat 10 same
ol i gonucl QES%P@F@W?H’EE mygleg Egﬁgi‘sﬁsﬁ'&e fest lpﬁ st@ﬁ?ﬁél?%c’t%ng e? BYing o

enpl oyi ng 19y N Ssck %ﬁ@»ﬂ&tue tethinal transf

ol i gonucl e%mﬁxéﬁlﬂ@%s{%ﬂé@b?{x%{@%@%\ﬁ s};ng ?yﬂ%egt %ﬂde ase & ﬁe sglgj ez}:ntS e?faesghods
may usg otahmltyem:ymbedlhmntsngf the émvantieh etmpiosdgeDake palytievdsty haxMa@ yermﬁ#al

pol ynerases are known to. hav terg:}tnal transferase 15 acti

enbodi ment@nyeragsactivifyeihis lrél?llﬁi 194 DERGAS Y| 1) REFTaER theniat % x‘? é‘?“i’ﬁlﬁtﬁfl _
transfer a%ﬁdxﬁ%i ddxteé{cnohtlmkﬁlrgﬂﬁll L8R Eonifitint RObuRESERRRINe (térﬂpl% L @ddRelhe in

the non-te
w1th respect to the oligonucleotide primer). By omitting template, template directed addition.

20  Other embodiments of the invention include kits for producing oligonucleotide that are
extended by a single base. The extended oligonucleotides produced using the subject kits are
produced in accordance with the methods of the invention employing enzymes having
terminal transferase activity. The kits of the invention comprise and enzyme having terminal
transferase and an extension terminating nucleotide. The enzyme having terminal transferase

25  activity may a terminal transferase. The kits may comprise one or more different extension
terminating nucleotides. The different extension terminating nucleotides may be present in
separate solution or maybe present in a single or multiple solution. The kits may also
comprise a single solution comprising one or more extension terminating nucleotides and
enzyme having terminal transferase activity. The chain extension terminating nucleotides

30 may be labeled.



addition in a reaction mxture that |acks significant anounts of tenplate
(tenplate as defined wth respect to the oligonucleotide priner). By

omtting wormplozaseq tenplate directed addition. 20 O her embodisnrosss2 of t he
invention include kits for producing oligonucleotide that are extended by

a single se. The t ende l. i l eotides pr: sg-ﬁ i.ng ject
kits are B%Fc%%%& oﬁﬁleg%g%gﬂ&gr%‘%ﬁgmgﬁ il at%‘tltag%e@ﬁ%rgggg e’li r%%%? § %%H%ﬁp

enpl oyi NgdETEMIRS chaX t@thindtRigivdRbtiléa Rehah@sahagiciestitly corhPfisdsi 4 diffefent he
invention conprise and enzyme having term nal transferase and an extension
t er mi nat i nucleatisledsss s forneansniophiashandi g Cr ardd)rand wheaeis feaelnbase xslabaled vi t y
may a term.pal .transferase., The kits may conprise _one or re diff t

ext ensi an@‘@r%fﬁ?ﬁ&‘borﬁsl%’iﬂ_e%’tei 3@5 &(lt?ﬁgyraflgefqgg_roé RS gfeélﬁ%qtgﬁlalggﬁerﬁlarlca? ?Ipng

nucl eod i dgspefRY irPLsiREIE pEKagt tnit EEBAGRaPRuikal D HRFcOTRYS 8s B REGIAE forthe
single or multiple solution. The kits may also conprise a single solution
conpri si ngomwmeeiept practice afithe siijet mathadsn &itsnyaynsppbothe desgenty dn premeopsisedavi ng

termnal transferase activity. The chai n..extensi.on.term nating nuclegtides
30y be AL TOH iR oA S PBoBaT DD BT e e SRRy REE ki
of the i nyeRthARI BstPudibhs R PRIthhing i $uBjddt Mefholig. ansf erase and four
different t0 chain termnating nucl eotides, wearing each nucl eoti de
conprises a different nucleotide base (the four canonical bases A G C
and T)_ ang, whereji.n each base,is.| led wit different, fl uorescent dye.
The K19 o e HhiklianFavige beat doscrohgaaty bihelss bdsraaatiy tGHRS IR Mrer
a single @(ﬁf&%ﬁﬂ? exidled theféiaﬁl%)le@'&?é oS54, Vit £Rénd SiBESRSons X6 iRtk Provi de
for the convenfent practice of the subject nmethods. Kits may supply the
reagent s bspecpicsmeasliment of oy invedicasantd showld metisechnstrecdomselimitation on the
reproduceabil i.ty outperform ng the subject nethods. Kits nmay contain
i nstructi 8HSHEYE perforning the subject methods. 10 The invention, having
been descri bed above, may be better understood by reference to the
foll owi ng exanpl es. The exanples are offered, for anong other reasons, to
illustfate specific enbodinent of the invention and should not be
construed as a limtation on the inventiagn. 15 Exanpl es

Examples

. dRhodamine Terminal Transferase Assay

1. Completely thaw Buffer 1, Buffer 2 and dRhodamine Mix on ice.
20 2. Vortex and spin briefly.
3. Prepare the reaction mix on ice:
_ 4 vl dRhodamine Mix
1 vl Buffer 1
1 vl Buffer 2
25 1. vl primer (2 vM)
0.1vl Terminal Transferase
2.9 _1water
Total: 10 vl

4. Put the reaction tube in a thermocycler.
30 Run conditions:

370C for 15 minutes



dRhodam ne Term nal Transferase Assay 1. Conpletely thaw Buffer 1, Buffer
2 and dRhodam ne Mx on ice. 20 2. Vortex and spin briefly. 3. Prepare the
reacti on wo2omsi€e: 4 ul dRhodamine Mx 1 ul Buffer 1 PCwlusBuédssr 2 25 1
.ul primer (2 uM 0.1 ul Terminal Transferase 2.9 1 water Total: 10 ul

4. Put the 3@&@%&9; tub% in a thernocycler. 30 Run conditions: 370C for 15
mnutes -9 b9 EYBY BT/ US02/ 09482  700C for 10 ninutes 4oC hol d 5. Add
1 ul Shrinp gkabjgne phosphatase; m x thoroughly. 6. Put the reaction tube
in a thernocycler. 5 Run conditions: 370C for 60 mnutes 720C for 15

m nutes 40QA4DI &1 BhriApalikaihs phospBa1ast; DA tisrahghzer : 10 1). Dilute 1 ul of
the final product in 5 ul of formamde. 2). Mx 1 ul of diluted final
product, €. SPuiltheyeactonitplee ;s themnepyelsf.d and 8.5 ul of formam de. 3). The

gﬁrrggg%can tﬁgnncéon%iﬁorn%:nsferred into one well of the 96 well plate and run

370C for 60 minutes
720C for 15 minutes
40C hold
7. Analysis on 3700 DNA Analyzer:
10 1). Dilute 1 vl of the final product in 5 vl of formamide.
2). Mix 1 vl of diluted final product, 0.5 vl of GS120 size standard and 8.5 vl of
formamide.
3). The sample can then be transferred into one well of the 96 well plate and run on 3700
along with SNaPshot products.
15 8. The final result should show four colored peaks for each primer, with each peak
corresponding to the (N+1 ddNTP), which are the same as SNaPshotrm products.

Incorporation by Reference

20  This application incorporates all publications, patents, and patent application referenced

herein in their entirety.
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al ong wi th SNaPshot products. 15 8. The final result should show four

col ored peaks for each priner, with each peak corresponding to the (Nt
ddNTP) , vWDoR/0295¢6 t he sanme as SNaPshot TM products. | ncor peratSone4Ry
Reference 20 This application incorporates all publications, patents, and
patent application referenced herein in their entirety. -10 WO 02/079516
PCT/ US02/ 09482 Clains What is clained is: 5 1. A nethod of producing an
ol i gonucl eoti de extended by a single muyghgoti de base, said nethod
conprising, mxing an oligonucleotide wth an extension term nating

nucl eotide and a termnal transferase. 10 2. The nmethod of claim 1,
wherein a | abel is attached to the extension term nating nucleotide. 3.
The net hoWhst isxlaigiedisi n the | abel is a fluorescent dye. 15 4. The nethod
of claim1l, wherein a |label is attached to the oligonucleotide. 5. The
met hod” of claim4, wherein the label is a fluorescent dye. 6. A nmethod of
produci ngia Avin¥ihbd of plod@dih@embEiaRkicdtae extriRdes alinole HidlebtRiebdsd, eot i de 20
base, wherein the m xture conprises oligonucleotides extended by different
si ngl e basad methosl @mpsisingd conpri sing, m xing an ol i gonucl eotide with a

first extension.termnating,nucleotide,  a second  extensi ey m_nating
nuc! eot 1 de, _antia gap R lsPlifle FRb b QnRRiR A FPRp 0 4L lehiral
ext ensi onyhgyrergat i ng nucl eoti des conprise different | abels and different

nucl eoti de bases. 25 7. The nethod according to claim®6, wherein the
| abel 0 are fluorescent dyes. 8. A kit for producing oligonucl eotides

ext ? nded 9 Y1fe r%ieﬁlgld%f ala{fr:rll E%\tflileggn Q?ﬁ% is Sa%ﬁac%e& !cc;[ the extension terminating nucleotide.
3. The method of 2, wherein the label is a fluorescent dye.
15 4. The method of claim 1, wherein a label is attached to the oligonucleotide.
5. The method of claim 4, wherein the label is a fluorescent dye.

6. A method of producing a mixture of oligonucleotides extended by a single nucleotide
20  base, wherein the mixture comprises oligonucleotides extended by different single bases,
said method comprising,
mixing an oligonucleotide with a first extension terminating nucleotide, a second
extension terminating nucleotide, and a terminal transferase, wherein the first and second

extension terminating nucleotides comprise different labels and different nucleotide bases.

25
7. The method according to claim 6, wherein the labels are fluorescent dyes.
8. A kit for producing oligonucleotides extended by a single nucleotide base, said kit
comprising,

30 an extension terminating nucleotide, and an enzyme having terminal transferase
activity.
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conprising, 30 an extension termnating nucl eotide, and an enzyme havi ng
termnal transferase activity. -11 WO 02/079516 PCT/ US02/ 09482 9. The kit
accor di ngwomorwmién 8, wherein the extension term nati ng neCITaAsN2/0kE82 i S

| abel ed. 10. The kit according to claim9, wherein the label is a
fluorescept.Japel. 5.11, The ki o di t o | m: I g K] i sing
2 frret ol SHEREResZinEto gk ShlnRERhab e EBlm ii il

term nating nucl eotide, wherein the first and second extension termnating
nucl eoti des conprise different |abels and different nucleotide bases. 12.
The kit at@oFhks kiyaccordihaimelaim 9.suhateikithe lebelps k Slinparpseent el di f f er ent
extension termnating 10 nucl eotides, wherein each of the four extension
term nating nucl eotides has a different nucleotide base and a different

| 'abel .51311 g mpice&@i@tpf%iaﬁhm Qa%dki‘{\’@&h Hélng B Erdt epehSordteninbitpRskefide dyes.

15 14. A nethod of identifying the reaction product of a single nucleotide

base extemsl arsecandaettérsiviotermimiéing cautleotiden stheee the figsdi andrssconsldexdension si ng,
form ng a,singl.e base oligonucl eatide t.ensi on.product standard by m xi ng
an ol i gom}r%h{lg a@sﬁtﬁ?s gwngszfeeﬁ SHt ‘?ﬁ?lwi&‘?%gmﬁaliﬁs‘?}ﬁ%@s%d a term nal
transferase, and resolving the single base oligonucl eotide extension
product standard on a detection 20 instrunment, whereby a signal indicative
of the si 2l Bhdddsacotdingowtdimdili shed kiktenwisomg plovddidferent extantaondteinsingtingt ed.
15. The method. of c]Jai.m 14, conpprising, form ng a single.pase ext.ension
react i@n B‘t“gﬁﬂﬂ’é?s’s‘f’ ?{ﬁ&r“dmbf%ﬁgg iy e&g‘?’é’@&ntﬁnm glng Pbcgﬁ?fbci%@i‘ﬁ 8e&1%rteﬂ an
ext ensi on,t 8L 'd@%ggglgﬁwkﬁ%{ggepnd an enzyne having DNA pol ynerase

activity, resolving the single base extension product on the detection
instrument, whereby a signal indicative of the single base extension

roduct is_created, .c ar i he. sji | . indjcative of the single base
gl i gonucl i%)t %femg&pgﬁggﬁﬁna&g‘aﬁer@m tg%i%le]tsﬁ‘mt %Org?cﬁﬂfa%e?ndi cat i 8e of the

si ngl e base extension product.

15 14. A method of identifying the reaction product of a single nucleotide base extension
reaction on a detection instrument, said method comprising,
forming a single base oligonucleotide extension product standard by mixing an
oligonucleotide with an extension terminating nucleotide and a terminal transferase, and
resolving the single base oligonucleotide extension product standard on a detection
20  instrument, whereby a signal indicative of the single base oligonucleotide extension product

standard is created.

15. The method of claim 14, comprising ,
forming a single base extension reaction product standard by mixing a second
25  oligonucleotide with an extension terminating nucleotide and an enzyme having DNA
polymerase activity,
resolving the single base extension product on the detection instrument, whereby a
signal indicative of the single base extension product is created,
comparing the signal indicative of the single base oligonucleotide extension product

30  with the signal indicative of the single base extension product.

-12-



-12 WD 02/ 079516 PCT/US02/09482 16. A nethod of producing an

ol i gonucl eoti de extended by a single nucleotide base, said nethod

conpri si Mg ozioxgsmg an ol i gonucl eotide with an extensi on t@Cmusat/9g2

nucl eoti de and an enzyne having term nal transferase activity, wherein the
m xture dogs : I eotide to
functi on 38 A13khEE0E Spluctyl BB EHRcl:B3e cteRR By w Sl En gAY

ol i gonucl efill nteisodecchiprideg, by a single nucleotlde base, wherein the m xture
conprises ol igonucl eotides extended by different single bases sai d nmet hod
conpri si ng, 10Hh¥%gﬁgOhanﬁmkﬁbﬂﬁﬁmﬁéﬂﬁﬁ@ﬂﬂﬂﬂﬁmanmpﬁgﬂu@%ﬁgﬁ§ﬂéﬁnﬁﬁﬁﬁWhat|ng
nucl eoti d econ ensi on.. termnath ot i

havi ng teﬁ?‘xlﬂ%f ﬂgfa%?é\ -\ Wt?/'i PVIER Q%l)&g?léz@% %g\t}?rﬁgl taggra@%%/%t
transfer a§mgtthybﬁgbnum@ﬁ@t@ﬁ]ﬂaldmgsgt na{mi second extension termnating
nucl eoti des conprise different |abels and di fferent nucl eoti de bases,
wherein the mxture does not contain a tenplate that permts the
oIigonucI t|de o.functian as d_of den i ng
Che react 1dn Asnetiag et BchSBe AnBeRtiol Bheoruiladls SleEh{PoA SmeldBlobitn
det ecti onphstyher@Bthe nidufb (BRAREs 6RSIICRbAEs kRnAtdBy diffekdif kiBglRaases,

ol i gonucl eotide extension product standard by m xi ng an ollgonucleotlde
with an esaidmsithnd cosmpmisingt i ng nucl eoti de and an enzynme having ternminal 20
transferase acti.vity erei.n the m xture does ot .C ntaln a | at e, t hat
perm 18 the origak e SEPEHeR e £ B ST P SO T O Fhe

Si ngl e bageeMibIRAHMEBRE hitfedtite S0 RnRRMG oI bARHAFhnOfRrae Q&ivﬁ‘}hh&ﬂl

i nstrument, whereby a signal indicative of the si ngl e base ol igonucl eotide
ext ensi on epz}mmjhavmg ttamuiaald trassfenase aetaiity? Svhet@n the first and second extension

terminating nucleotides comprise different labels and different nucleotide bases, wherein the

mixture does not contain a template that permits the oligonucleotide to function as a primer.
15
18. A method of identifying the reaction product of a single nucleotide base extension
reaction on a detection instrument, said method comprising,
forming a single base oligonucleotide extension product standard by mixing an
oligonucleotide with an extension terminating nucleotide and an enzyme having terminal
20  transferase activity, wherein the mixture does not contain a template that permits the
oligonucleotide to function as a primer, and “
resolving the single base oligonucleotide extension product standard on a detection
instrument, whereby a signal indicative of the single base oligonucleotide extension product
standard is created.

25
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