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pr %u%%sﬁ%ﬁ%cwﬁg}é%gﬁr\%%m/ 20035 PCT/ USOQ 25104 METHODS AND COWPOSI TI ONS
FOR LI NEAR | SOTHERVAL  AMPLI FI CATI ON OF PCOLYNUCLEOTI DE SEQUENCES
CR&88eREFERENCE TO RELATED APPLI CATIONS 5 This application clains the

pr isoggdygcgenefuictagfgtt he provi si onal patent applications U S. S€rial No.

60/ 153, 604, filed Septenber 13, 1999, and U. S. Serial no. 60/175,780, filed
JarfdaPy 312, 2000, both of which are incorporated by reference in their

entjﬁg)é;ATECI%Nl CAL FIELD 10 The invention relates to the field of

pol yaucl£atide atgp_.ln{' fication. More particularly, the invention provides
et hods,ﬁgorrpogi ions and kits for anplifying (i.e., nmaking nmultiple

copizesy target pol ynucl eotide sequences which enploy a single RNA/DNA
COoM2@SH tahipertine PNABNBhpridee.anpl i fication optionally involving
transcrijoron. 15 BACKGROUND The devel opnents of methods for nucleic acid
anplification and detection of anplification products have advanced the
det¥@Pt oh, identification, quantification and sequence anal yseg of nucleic
aci G gENHIEAEE P ¥cEnt years. Nucleic acid analysis is useful“for
detggpion and identification of pathogens, 20 detection of gene alteration
| eadi ng to defined phenotypes, diagnosis of genetic di seases or the
susceptibility to a di sease, assessnent of gene expression in devel opnent,
di sgasg7and in response to defined gtimuli, as well as the various genone
projects. Qher applications of nucleic acid anplification nethod are the
detection of rare cells, detection of pathogens, and the detection of

al tered gene expression in malignancy, and the like. Nucleic acid 25
anplification is potentially useful for both qualitative analysis, such as
the detection of the presence of defined nucleic acid sequences, and
guantification of defined gene sequences. The latter is useful for
assessnment of and anount of pathogenic sequences as well as the



conditions are conditions that do not prevent such events from occurgiMg-20,
Thus, these conditions permt, enhance, facilitate, and/or are conducive
to the ewenhinodldsch conditions, known in the art and desgidhadoR&hs N
depend upon, for exanple, the nature of the nucleotide sequence,
t egpgrabyre, and. buffer conditions. These conditions al so depend on 25 what
eventas pngesi red, such as hybridi zation, cleavage, strand extension or
t reansor isphteic poeagience “"nutation,” as used herein, refers to any sequence
alteration in a sequence of interest in conparison to a reference
sef@iice. A reference sequence can be a wild type sequence or a sequence
t 0<% c Fhomre igi BRERNA BrE®iipare a sequence of interest. A sequence nutation
._ingfﬂgpa singl e nucl eotide chgnges, or ﬁlterationshof nnrg than one

nucl eot i [ ce, due to nechanisnms such as substitytion,
de é?%%ﬁg ?1@3@%%?f%%g¥§?ngle nucl eoti de pol ynor phi sm ( SNP) iggalso a
seggmei3ce nutation as used herein. 22 WO 01/20035 - 8 MAR 2004
PGIZ14S0@A 25104 . "Singl e stranded confornmation pol ynorphism" and " SSCP, "
as<amisedDiBrein, generally refer to the specific conformation of a single
st faiedynueites oramed as is affected by its specific nucleic acid
sequence. Alteration of the sequence of the single stranded

poE :flﬁotide, sygh as.single nucleotide substitution, deletions or
i n§2r Y SR e P XM PE R ¥fange, or .pol ymor phism of the conformation of the

sipgd@e stranded pol ynucl eotide. The confornmation of the polynucleotide is
geped Al ycddetecdabte.c i dentifiable and/or distinguishable usipg nethods
known i n the art, such as el ectrophoretic nobility as neasured by gel

el exia>ophoresi s, capillary el ectrophoresis, and/or susceptibility to
endoliuclléase digestion. 10 "M croarray" and "array," as used

i nfe¥haNBeably herein, refer to an arrangement of a collection of

nuttebt PYRTEEHUPAERT in a centralized location. Arrays can be on a solid
supsty.ate, such as a glass slide, or on a sem-solid substrate, such as

ni t3pcelbulQse fmmape;nhe nucl eotide sequences can be DNA, RNA, or any
permutations thereof. The term"3 "' generally refers to a region or
posidd>ow i n a pol ynucl eotide or 15 oligonucl eotide 3 (downstream from
angddatyegigoata@rgwpsi tion in the sane pol ynucl eoti de or oligenucl eotide.
The term"5 "' generally refers to a region or position in a polynucl eotide
or<2¥) donucl eotide 5 (upstream) from another region or position in the
sa 0 ucl eotide or oligonucleotide. 20 The term"3' -DNA portion,"
"3§é stegien. i3 RNA portion,” and "3'-RNA region," refer to the
portion or reglgn of a polynucl eotide or oligonucleotide |ocated towards
t heazh> end of the pol ynucl eotide or oligonucl eotide, and may or may not

i ne2apbe chideaid' pNAPRIA PUEheot | de(s) or noieties attached to the 3' nost

nucl eoti de. of the sanme pol ynucl eotide or oligonucleotide. The 3 nost

- nuEt¥Bt i’de(s) can be preferably fromabout 25 1 to about 20, nore

pr 83EIRHPGI PPEHcABYUTC32t 0 about 18, even nore preferably fronfhbout 5 to
abg to-13 nucl eotides. The term"5' -DNA portion,"” "5 -DNA region,” "5 -RNA
porfiQ@ng; and "5 -RNA region,"” refer to the portion or region of a
pokynuchgpti de or oligonucl eotide located towards the 5 end of the
poky1BiCIsgatHedec @rifdd gonucl eotide, and may or may not include 30 the 5
nmost nucl eotide(s) or noieties attached to the 5 nost nucleotide of the
san®20>ol ynucl eotide or oligonucleotide. The 5 nost nucl eotide(s) can be
pr&t&aBhyld r om about 23 - 8 MAR 2004 WD 01/20035 PCT/ US00/ 25104 1 to. about
20, re preferably fromabout 3 to about 18, even nore preferably from
gt 3 1o B0QUL 25 gl ol des. .o DBl et Lot Lncludes, apy meapy of
deé%gﬂdtgg, incl udi ng di rect cand 1 marrect - det ect i on. ?ﬁﬁﬁgexanpgg,
"detectably fewer" products may be observed directly or 5 indirectly, and
t he2teer m i ndi cates any reduction (including no products). Simlarly,
"de2Eict &l y nore" product nmeans any increase, whether observed directly or
indirectly. Conponents and reaction conditions used in the nethods of the
invention 10 Tenplate nucleic acid The nucleic acid (NA) target to be
anpA-3P7®d i ncl udes nucleic acids fr@nany source in purified or unpurified
form which can be DNA (dsDNA and ssDNA) or RNA, including tRNA nRNA
rRNA, mtochondrial DNA and RNA, chioroplast DNA and RNA, DNA- RNA hybri ds,
or m xtures thereof, genes, chre -tones, plasmds, the genones of 15

bi ol ogi cal material such as mcroorganisns, e. jacteria, yeasts, viruses,
viroids, nolds, fungi, plants, aninmls, humans, and fragnents thereof.
OQcaining and purifying nucleic acids use standard techniques in the art.
Anplification of an RNA target will require initial cDNA synthesis, as



invention is linked to transcription fromthe priner extension products to
“provide enhanced 5 nucleic acid anplification. A schematic descri ptifoWARoll:
this nov&Oemoss i cati on met hod, Method 1, is shown in Ff’@ﬂﬁgﬂoag%og' The
-TSO- based nucleic acid anplification nethod of the inventidon enplroys a

Si ngghe> m@nposite primer, as descri bed above. A second oligonucl eotide used
i n ¢2he>asgthét cabikorer Met hod of the invention is a tenplate switch

ol i gonucl eotide (TSO), also as described 10 above. The anplification nethod
of $43€>i nventi on enpl oys the followi ng enzynes: a DNA pol ynerase, a

ri b¥Rdel ¥9d8bsuch as RNase H, and a DNA dependent RNA pol ynerise. The
nché%E Sflcid target to be anplified can be DNA or RNA. Anplification of an

R ill require initial cDNA synthesis, as known in the art. The
PR R

cta

new ased en JOPTHEIPI RFFTF990hL F TR FFo B2 HFECREI presett i nventi on
15 @ap> prroduce nmul ti ple copies of an RNA product honol ogous (i.e., sense)
t o <2he>tgarget DNA sequence. The single stranded target nucleic acid is
cor2ipecdnai t h t he conposite primer, a TSO oligonucl eotide, DNA pol ynerase,
ri béadxr|yaseetsiechriagzrRNase H, a DNA dependent RNA pol ynerase, and

nucl eoti des, such as deoxyri bonucl eosi de tri phosphates (dNTPs) and 20

ri @éﬁ%ﬁeosi de triphosphates (rNTPs), in a reaction medium suitable for
nuctérc A8ty hybri di zati on and anplification, as known in the art.

St;i;t,}gg); §of €action mediumand conditi gns are gfsf]gescri bed above. In one

e rforned at a different tenperature,
gengrgﬁ%’;kfoév(a:-:-c??t?%]dgggltl%z}tglgg?(p%ﬁfégaptrcgéaé aﬁcﬁc tigeps. I'n anot her “Enmbodi ment ,
al l<2tére 19t eps of the nethods are perfornmed isothermally. 25 In one
ents@dixat, each anplification reaction includes conposite primers of one
i déAtfTdAsequence. | n anot her enbodi nent, each anplification reaction

i néRLfeSYRtHMAGiEUREmeEf conposite primer variants, wherein the variants
represent two or nore honol ogous but non-identical sequences, and wherein
al l.oa4e ;agpabl e of hybridizing to the sane target nucleic acid sequence.
The honol ogy (sequence identity) is preferably at |east about 50% 30 nore
pretesahhy at | east about 75% and nost preferably at |east about 90%
Advamttagesa afacgidticacethodiygRg gbsulauger tglggcgggalghtycgttg i ntroduceggdi fferent
sequences of interest into the 46 0 MAR 2004 01/20035 PCT/ USOQ 25104

pr AEY> é%t ensi on products. In yet another enbodi ment, each anplification
redf yd 5 includes a nixture of conposite priners, wherein the priners

reﬁ e gAtwg.or nore non- identical sequences that are of |ow or no
nthetic, primer - . . - .
honol ogy, an erern the priners preferentially hybridize to different

t akgad> nucl ei ¢ aci d sequences or different sites along the sane target 5
nuebZ3>C cagditheShdAMd ot HVRNE A0RSafachbh s enbodi ment include nul tiplex

det ecti @amoxmed/ or anal ysis of target nucleic acids through anplification of
a plurality of target nucleic acid species in a single anplification
“re&t?9>A2 I n one enbodi nent, the TSO functions as a ternination sequence
an@9HY6GF e $2592 P86 tiGPevaIsegeratessc vatersicket @abodi nent, tKe TSO does
not,AMpLi se a propronoter 10 sequence. In this enbodiment, a propronoter
segppnRCcei s provided separately by another oligonucleotide, such as a PTO
t hati1copg i ses a propronter sequence and is hybridizable to the 3' portion
of <21se> pyitmeki&xr@nston product such that transcription of the priner -
ext ensi on product can occur. The single conposite primer and the TSO t hen
hyt8#4%i ze to the same strand of the 15 nucleic acid to be anplified. The
W2 P §&Hdcl eoti des may be added to the sanple suspected of containing
hgmwgé/gi c acid target Eri or toI t he talrget gu‘cl eic ﬁCi d denaturati gn

t i di i of the two oligonucleotides to the target stran

esul 19 |<# tghé%eggg%tt{ on of the tri nolecular conplex | (Figufe 2A-C). A
DN& jpol yarer ase carries out primer extension.. The priner is extended al ong
t he211203target nucleic acid strand of conplex | (Figure 2A-C), up to the

si £825f DNPSO hybri di zati on. Tenplate switching fromthe target strand. to
the 5 unhybridized portion of the TSO and further primer extension along
the TSO tenplate results in the formation of the to nol ecul ar conplex I1I.
ThE3188f conprises a target nucleic3acid, the TSO and the first primer
extension product. The first priner extension product is a uni que DNA
conprising 25 both a target dependent portion (i.e., sequence
conplenmentary to the target nucleic acid) and a TSO dependent portion
(i.e., sequence conplenentary to the unhybridized portion of the TSO .
Complex Il (Figure 2A-C) is a substrate for both an RNA pol ynerase and a

ri bonucl ease such as RNase H. The DNA dependent RNA pol ynerase binds to the
30 functional ds pronoter of conmplex Il and transcribes the first prinmer

t
t
S
r



were detected in reaction m xtures without prinmer, RNase H or Bca

pol ymerase. Probe | ACLO hybridization and autoradi ography to the SSHDNM 2004

product wo d¢1eodsi near 20 anplification nethod, as shovvn QB&%@%@I‘G (Lanes

1-4: no DNA, no primer, no RNase H, no DNA poI ynmerase, re | ane

5! <0983 aydsn&lilc gpmggnent s), verified the identity of the anplification

product. The linear anplification of the synthetic oligonucleotide target

i n<2ePrs experiment was done using a non bl ocked pronoter-tenplate

ol <kgéduclA@dti de (1 A015b). Pronoter-tenplate oligonucleotide | A015b is a

55-ner with a sequence of: 25

GGAATSCTAAT ACGACT CACTATAGGGAGAGCGGTACGCTGATCAAAGATCCG TG (SEQ I D NO 11).

Thgtﬁﬁ?ﬁﬁcﬁ?c‘”a%altgﬁcqaéa%??a&ﬁt%ﬁtaﬁdard reaction conponents used fé# this

amphification reaction are as given above. The initial denaturation step

wasgopesfermed at 70 *C for 10 seconds. The reactions were cooled down to

5%&j2amiaf urther incubated at this tenperature for 30 mnutes foll ow ng

t he2ashdigynoietat Raamepol ynerase and RNase H. No 69 - 8 MAR 2004 WD 01/20035

PCT/ US00/ 25104 hybri di zati on was detected in the control reactions (no DNA,
<pf9rer, no RNase H, no Bca). Exanple 3: Pronoter-tenplate

oI <&®IucPE0t i de coupl ed isothernmal linear 5 anplification and

traps rlgtlon The pronoter-tenplate oligonucl eotide (PTO contains two

es notifs: a T7 pronoter sequence

(5'§8 d?ﬂ&%@%ﬁﬁfA%gGAG (SEQ 1D NO 20)) and a sequence (?Brrpl enentary

to<tthe 93DNA tenpl ate. Four versions of a PTO were designed (1A012,

| A1ty 2BA015, 1 A015b). 1 A012 PTOis a 67-nmer and has a 10 sequence of:

GCCAATZFCPAATACGACT CACTATAGCGAGAGATCGAGTAGCTCCGGTACGCTG  ATCAAAGATCCGTG ( SEQ

ID<?\K§>8)SYH¢W§12 HIE@xont ai ns two sequences in addition to the core T7
onpter: a 5 -extension (5 -GGAATTC (SEQ I D NO 21)) and a spacer (5'-
ﬁ}? (SEQID NO 22)) between the pronoter and the target DNA 15

ry sequence. | A015 is the shorter PTO (48-ner), |acking both the

5' z4@<>t ggsi on and the spacer. |1 A015 PTO has the sequence of: .

TALIAHH LRACTATRAFIGAGACCCGTACCCTGATCAAAGATCCGTG (SEQ ID NG 1Q). 1 ACL2b

PTO is a 60-nmer which contains the spacer, -but not the extension. 1A012b

PT& Has 1he sequence: 20

TAﬁ?I’JAGGE@I' CACTATAGCGAGAGATCGAGTAGCTCCGGTACGCTGATCAAAG  ATCCGTIG (SEQ I D

NOF9)<> PAB15b contai ns the extension, but not the spacer. The sequence of

| AOTBE P¥IPEET G%4B®T n Exanple 2. Al primers other than the chirmeric

ol Lggywgheotides 1 AO05, 1A019, and |1 A020 were synt heS| zed by Keystone

( DEydsicgBe Pl cBIRBOUr &R gL AL né‘E QR CAPRY and were PAGE
pueglafaaegctgicég@agggé aﬁigg d ggeé higss tcgg Sfy Jiet ho ngs

i | dustopated geagddggud eagEAt@cgcT g@ hédd YaddtgeBEY k2 cabdOl2b, | ARMS5, and

I Am%ataeaq:@nveqqatthe:cssﬁ»#tgbemqﬂaabeaamt:agtaattgu@sda@at:ecdaar T7 2RNA

" pof3ARtTaeE REZIWISES S@dIbyIagenprtictongutshecaameht g GitgRMNAgcqer odused aft er

tré Pptd GhooTtI8GeracapcearensIvr2pricdicseothbeeed bet ween a $yht heti c

ol igq.preduct (1A009) and each of the PTOs. Synthetic oligo product |A009
|s<2911],0g grer 30 with the sequence of: AGIGICCACCCCTGCCGGGATTTTAACGGACAGCG
70<2128 M&R 2004 WO 01/ 20035 PCTI USOQ 25104

= IGCCEHIARCACEAGRAT GACCATGACATTTGT TGCACGGATCTTTGA TCAGCGTACCG (SEQ I D
NO 19). Overl ap-extension was perforned in 15 ul reactions containing 20
mMf2B%>s-HCl, pH 8.5, 6 nM MgCl2, 1 nM each dNTP (dATP, dTTP, dCTP, dGIP),
10873 2069, 100 nM PTO, and 1 Unit Bca DNA pol ymerase. Reactions were 5
con4$0t| t&lied w t hout Bca DNA pol yrrer ase heat ed to 95*C then cool ed over 10

m gg fq 800G, A{é ert Qadg t| o rase reacti ons were incubated
n

Y296 on q§ ture was
added to t e S andard SCFgI p%l on reac ?aodc g(ture and

t reai®eripti on reactions mere assessed by gel el ectrophoresis. As shown in
Fi€dile ¥oq Lane 1: nol ecul ar wei ght | adder; |anes. 2-5: overlap 10 extension
product from | A012, |AO 12b, | A015, |A015b, respectively; |anes 6-13: RNA
from|A0O12, |A012b, 1A015, |1A015b, |A012, |A012b, |A015, |A015b,

r 8pd®t’Pvely) significantly nmore RMA was produced by the transcription
substrate produced with the shorter PTO s (1A015, 1A015b) than by either
of 1A012 or | A012b. The PTO containing the 5 -extension but not. the spacer
(1 AOI 5b) produced denonstrably higher yields of RNA. 15 In all cases,
however, nultiple products appeared in addition to the major RNA band. A
fifth PTO was desi gned having the sanme sequence as | A0 5b, but with a
3'-blocking group (biotin) to elimnated the free 3'-OH, to denonstrate
the i nproved performance of a 3'- blocked PTO Blocking the free 3'-CH of



using the nethod of claim16. 92. The nethod of claim27, wherein RQFM 0L
target polynucleotide is anplified wusing the nethod of claim1l7. 93. N%@
met hod obVo®laeoss27, wherein the target polynucl eotide ispems' 3/55‘39 usi ng
the met hod of claim 18. 94. The net hod of claim 27, wherein the nu1ation is
sef2eetemhd rom t he group consisting of a base substitution, a base

i'’eéBri Symthatirapeined eti on and a single nucleotide polynorphism 95. The
nmet hod of claim 27, wherein said step of analyzing the anplification
pradlgts conprises a nethod selected fromthe group consisting of gel
ef@@??dﬁﬁ@?esis, capillary el ectrophoresis and cl eavage of the
angbéé§9tion products using nucl eases which recognize sequence dependent
S St . - 04 Si ngapore pat ent p. No., 200204820-5
R%%Egg@g&mt t?%ggﬁ%ﬁgﬁ%%&gﬁ%ﬁbiﬁh% %@%ﬁ%a (%?C%alcﬁf 30, i/gger ein the
“pol ynucl eotide conprising a term nation polynucl eoti de sequence is a

t e@pbatz switch ol i ognucl eotide (TSO . 97. The nethod of claim96, wherein
t f81TSA4onprises a nodification in the region which hybridizes to the

t eApFat®2 wherein, under a given set of conditions, the TSO binds nore

t i'gheT PAGEFHPPPEYi on as conpared to a TSO without the nodification. 98.
The,sethed of rlain130, Sherein t he polyngfleﬁtide conprising a ] hod
t n i de sequence is a bl ocking sequence. 99. The netho
o?gg}aiﬁ$g8?£§ﬁ%$§%%g§%% bl ocki ng sequence conprises a modi fi%fation in the
region ahi ch hybridizes to the tenplate, wherein, under a given set of
centlitions, the bl ocking sequence binds nore tightly to the region as
CcoRpar aAt 0 a bl ocki ng sequence w thout the nodification. 100. The net hod
of<2¢PaiSgyrsetighersier t he enzyne that cleaves RNA is RNaseH. 101. The net hod
OE §%9Ea%30, wherein the pol ynucl eotide conprising a propronoter and

r§%% ghc ich hybridizes to the displaced prinmer extension product is a

t Tate swtch ol i gonucl eotide (TSO). 102. The nmethod of clairh 30, wherein
t keigolipnucl eoti de conprising the propronoter conprises a region at the 3
erdiwhiieh hybridi zes to the displaced prinmer extension product, whereby
D21 rolDper ase ext ensi on of displaced prinmer extension product produces a
deébde Syprgidedppimeaot er from which transcription occurs. 103. The net hod
of claim 102, wherein the polynucl eotide conprising the propronoter is a
,pf%%?b@ﬁter tenpl ate ol i gonucl eoti de (PTO). 104. The method of clai m 30,

WheFE 9 2PRe" T ar get pol ynucl eotide is anplified using the metHéd of claim
14. 96 - 8 MAR 2004 Si ngapore patent App. No. 200204820-5 Repl acenent Pages
March 4, 2004 105. The nethod of claim 30, wherein the target

pol ynucl eotide is amplified using the nethod of claim15. 106. The net hod
of claim 30, wherein the target polynucleotide is anplified using the

met hod of claim16. 107. The nethod of claim 30, wherein the target

- polynucleotide is anplified using the nethod of claim17. 108. The mnet hod
~“of claim 30, wherein the target polynucleotide is anplified wusing the

met hod of claim18. 109. The nethod of any one of clains 1, 2, 19, 20, 23,
27, and 30, wherein the RNA portion of the conposite primer consists of
about 7 to about 20 nucl eotides and the DNA porti-on of the conposite
primer consists of about 5 to about 20 nucl eotides. 110. The net hod of
claim 109, wherein the RNA portion of the conposite priner consists of
about 10 to about 20 nucl eotides and the DNA portion of the conposite

pri mer consists of about 7 to about 20 nucl eotides. 111. The conposition of
claim31 or 36, wherein the RNA portion of the conposite prinmer consists
of about 7 to about 20 nucl eotides and the DNA portion of the conposite
primer consists of about 5 to about 20 nucl eotides. 112. The conposition of
claim 111, wherein the RNA portion of the conposite priner consists of
about 10 to about 20 nucleotides and the DNA portion of the conposite
primer consists of about 7 to about 20 nucl eotides. 113. The reaction

m xture of claim 38, wherein the RNA portion of the conposite priner

consi sts of about 7 to about 20 nucl eotides and the DNA portion of the
cggyosite prinmer consists of about 5 to about 20 nucl eotides. 97 - 8 MAR
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2004 114. The reaction mxture of claim 113, wherein the RNA portion of the
conposite prinmer consists of about 10 to about 20 nucl eoti des and the DNA
portion of the conposite priner consists of about 7 to about 20

nucl eoti des. 115. The kit of claim45, wherein the RNA portion of the
conposite primer consists of about 7 to about 20 nucl eoti des and the DNA
portion of the conposite primer consists of about 5 to about 20

nucl eoti des. 116. The kit of claim 115, wherein the RNA portion of the





