JSEMULTANEQUS AMPLI FI CATI ON OF MULTI PLE TARCGETS

~ FIELD OF THE | NVENTI ON The present invention relates to isothernal
“tanplification of nucleic acid target sequences, in particular to

sinmul taneous anplification of multiple target sequences. -
BACKGROUND OF THE | NVENTI ON 'ld’ In vitro nucleic acid
anplification techniques have provide %owerful tools for detection and
anal ysis of small anmpunts of nucleic acids. The extrenme sensitivity of such
nmet hods has lead to attenpts to devel op them for diagnosis of infectious
and genetic diseases, isolation of genes for analysis, and detection of
specific nucleic acids as in forensic nedicine. Nucleic acid anplification
t echni ques can be grouped according to the tenperature requirenents of the
procedure. The pol ynerase chain reaction (P R K Saiki, et al. 1985.

Sci ence 230, 1350-1354), ligase chain react{fo® (LCR, D. Y. Wi, et al. 1989.
Genomics 4, 560-569; K Barringer, et al. 1%9@ CGene 89, 117-122; F.
Barany. 1991. Proc. Natl. Acad Sci. USA 88z @89-193) and ' _
transcription-based anplification (D. Y. kweh® et al. 1989. Proc. datl .
Acad Sci. USA 86, 1173-117¥) require tenpergi@e cycling. In contragt,

net hods such as strand di spl acenemt anpl #f e ieon (SDA; G T. Wal kgr, et
al . 1992. Proc. Nat. Acad Sci. US® 89, 89Z%b@ G T. Wl ker, get :
1992. Nuc. Acids. Res. 20, $1691-1 seff & L fst ai n@ sequencd . &
replication (3sR J. C. cuftelli [4 a. JoBokk droc. Ngid. Acadosttl usa
87, 1874-1878) and the (JQeldrQrepgikase s sﬁe'ﬁﬂl M %itﬂardi, Qtl—aV’. 1988.
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Bi oTechnol ogy 6, 1197-120%) @re t her njl ar e i ons.&IF addi t @;-(i/\o
90/ 10064 and WO 91/ 03573 ddscricbe] fise of ft Beih e&{' oPifge phi - =
replication origin for iso h&@l r pIicaia:n%o Lme%czacids.n.wé
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| n ‘general, diagnosis and screening for specific nucleic acids using
nucleic acid. anplification techniques has been limted by the necessity of
anplifying a single target sequence at a tinme. In instances where any of
mul tiple possible nucleic acid sequences may be present (e.g., infectious
di sease di agnosis), performng multipleg,separate assays by this

2 procedure is cunbersone and tine-é%éé?ning. U. S. Patent Nos. 4,683, 195;
4,683,202 and 4,800, 159 descri be the . Although. these inventors state
that multiple segpgences may be detected, no procedure for anplifying

mul tiple target s quenges simul taneously is disclosed. Wen nmultiple

target sequences pre a Iifieq, it is by sequentially anplifying single
targets in separpte P(Rs. In fact, when nultiple pairs of prinmers directed
to different targpt sequenees ¢ are added to a single PCR the reaction
produces unacceptpbly ﬁ?le | s of nonspecific anplification and
background. An i nprove t on jghe PCR which reportedly allows sinultaneous
anplification of. in published

Eur opean Pat ent rred tglas

mul tiplex DNA anpjific pairs priners are
added to the nucli ini ces. ch priner
pair hybridizes t i whi is
subsequently a i i 2 i ion sirnglar to PCR
Certain nucleic dci ificqfi | oyeSt gddition of
defined sequence } ts pwd to
anplification. U.[S. i rodi fli,dati on of PCR
whi ch all ows anpljifi [ for h the
sequence i s not K . i fi on readgion
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contaln random degener ate sequences at their 3

ends and a defined sequence

at‘their 5 ends. Extension of the priners produces fragnents containing
unknown sequences which are flanked by the defined sequence. These
fragnents nmay then be anplified in a conventional PCR using prinmers whi
hybridi ze to the known fl anki ng seq 25. Anot her nethod for PCR

s

anplification of unknown

DNA whi ch f a known sequence is ‘descri bed

D. H Jones and S. C Wnistorfer (1992. Nuc. Acids. Res. 20, 595-600,
“panhandl e PCR"). In panhandle PCR a single-stranded ollgonucleotlde
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a.hybrid-prinmer which is conplenentary to the RNA target at the 3' end and
contains the unique sequence at the 5 end. The cDNA is then anplified
using a primer directed to the unique sequence and a priner directed to a
target-specific sequence. This reportedly reduces anplification of.
carryover contam nants. Published Eu2P an Patent Application No. 0 469

755 di scloses a nethod faL produci ng §ivwgle stranded pol ynucl eoti des havi ng
two segments that are nofi-conti guous and Tonpl ementary. A sequence

.conpl enentary to an existling sequence inghe polynucleotide is introduced
by extension of a priner i ch hybridizesto the polynucleotide at its 3
end and has the conpl ene of the existini sequence at its 5 end. After
extension of the primer the pol ynucl eotide can be anplified using a single
prinmer. V. _Shya — . , . od
. for PCR anp| g4i®atji on of DNA when the sequence of only one end is
avai l abl e (BSP-PCR). The unknown end is ligated to a generic vector
sequence, ahd the ffragment is anplified. using a gene-specific priner ahd a
generic vexfgr Qprifmer.  Simlar nmethods are disclosed in Published European
Patent App|icatiqn No. 0 356 021. WO 90/01064 describes anplificationf of
a sequencggby syt hesi zing a conplenentary strand prinmed with a
sequence- <Ep;_fic primer directed to a known portion of the sequence. A
honopol y P Bdded to the 3' end of the conpl enent and
4 - the sgpyence ifs anplified using a honogol ymer primer and a primer which
I s honol ogopeto regi on of the sequencelspecific prinmer. Adaptation pf
PCR to fogf ' | l'er and B."Wld (1989. Scignce

246, 780- PBp) . Fdr foe pnting, a co ol i gonucl eoti de sequence is
| igated to [hse unijque f each fragnme f the footprint |adder. Thg
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pri.mer conpl enentary to the known sequence of the fixed end. The
present nethods provide a nmeans for appendi ng any adapter sequence or any
pair of adapter sequences to any target prior to anplification by prinmner
ext ensi on.» Tﬁefadapter sequences reduce the nunber of specific pripers
which are required for sinmultaneous ification of two or nore target
sequences in a single priner extensi lification reaction (referred to
herein as "multiplex anplification” or "multiplexing"”). Conventional

mul tiplexing involves putting into the reaction priners specific for
anplificati Oj=cacheatarget sequence, i.e., each target is anplified by a
specific er‘EIrQr—p.a of prinmers. Conventional nultiplexing provides
satisfactory reStlts certain circunstances, but has drawbacks in that
~.multiple specific prinmers nust be prepared for each multiplex reaction.
Often, however, nultiple sequences cannot be readily anplified and
detected using conventional nultiplexing due to generation of high |levels
of nonspecific background anplification. The adapter nediated nmultipl exing
of the invention is an alternatiyg conventional,midd pl exi ng whi ch

gives inproved results in certay . O the f t;@? publ i cati ons,
only EPO 0 364 255 and NUeIIe?bQB V@ d address .ngglen1of

simul taneously anplifying nmulti‘ple target sequerices. Both teach

si mul t aneous anplif$Q%&TékT‘rUr—ﬁCR, whtch in part ¥due t&"its tenperature
cycling provides significantly different reaction conditions as conpared to
I sot her mal anplificatngmt;uxiqu SDA.9 Al t hough certain pf the foregoing

publications describe appending definéed sequences to either end of a
fragment prior to anplifican%n, The agartron or tne ae?lnad end and
anplification are perfornmedfin separate reactiomt her, §t he present

i nvention for the first ting provides nethods fo | tanequsly anplifying

mul tiple 5
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target sequences by SDA Wi t hout the necessity of providing separate
-specific pri mers for each target. The inventive nethods are particul arly
advant ageous in that addition of deflped adapter segquences to the ends of
the target sequences and the anplification reaction occur in a single

single priner or pair of primers can be used to coarrpllfy mJItlpIe t ar get
nucl ei ¢ aci d sequences. Defined adapter sequences are appended to the ends
of the target sequengces wit hFEELREOEGHBINVENTI@Nanplification reaction so
that no addl i onal . mani pul ations are_ involved to append the adapter
sequences. THAE present h’é"?“é'PQefelatSFe daeitedisroglt pmplification cofd aucleigapriér target
sequences need .not be ol.at i or anpl L.fi ion. In one enbodi nent
for coafffi" PGS R dagtipgler i? ﬂ@f‘ﬁé‘e%b‘ éf?ca&%%ﬁ’é‘ﬁ tepget 8qYEREESNg to a
term nal segnent fromone of the two strands of the first target sequence

i s appended to the 5° end of one of the two strands of the second t.arget
sequence and a sequence ' ' egnent from one of
the two strands of the se%é%‘?\gﬁ@w&?g@&mh ehded to the 5 end of
one of the two strands of the first target sequence. Anplification of the
two nodified targets then requires only a single pair of anplification

primers. One anpl i v ik hdidRnp ﬁﬁcati‘oh%cgﬂ\{] ueb Hi¥d ?ﬂfozﬁﬁd 8w@rf§leﬁ‘dﬁ%?

corresponding to the first target "and the roanp il cation primer

the pai detegtion shdz ealysis of SRSl AMSANS W ARRMEERE [ Thel BarenRC ity Qﬁtsuch
Alternatively, a single pair of sequences fromone takget may be appended

to t he diethads has leaditts atbémpts o develapthemdor diagnauiydtinfeefiolstind Yefietid diseaBeéyf her
enbodi nent, two arbitrary "universal” adapter sequences may be appended to
t he end@obtloanf genasifor ann‘lystsaagdaﬂetecwdd oi‘sspebxﬁnnniclﬁmm:dsaa’sdﬁ:tfox%ﬂsitlmﬁme may
then be_anplified using a single pair of "universal" priners which

hybri di Mecleis apid amplifieation iquesusanebe grouped according to the temperature

requirements of the procedure. The polymerase chain reaction (PCR; R. K. Saiki, et al. 198S.
Science 230, 1350-1354) , ligase chain reaction (LCR; D. Y. Wu, et al. 1989. Genomics 4,
560-569; K. Barringer, et al. 1990. Gene 89, 117-122; F. Barany. 1991. Proc. Natl. Acad.
Sci. USA 88, 189-193) and transcription-based amplification (D. Y. Kwoh etal. 1989. Proc.
Natl. Acad Sci. USA 86, 1173-1 177) require temperature cycling. In contrast, methods such
as strand displacement ampliﬁcation (SDA; G. T. Walker, et al. 1992. Proc. Natl. Acad. Sci.
USA 89, 392-396; G. T. Walker, et al. 1992. Nuc. Acids. Res. 20, 1691-1696), self-
sustained sequence replication (3SR; I C. Guatelli, et al. 1990. Proc. Natl. Acad. Sci. USA
87, 1874-1878) and the Qp .replicase system (P. M. Lizardi, et al. 1988. BioTechnology 6,
1197-1202) are isothermal reactions. In addition, WO 90/10064 and WO 91/03573 describe

use of the bacteriophage phi29 replication origin for isothermal replication of nucleic acids.

In general, diagnosis and screéning for specific nucleic acids using nucleic acid
amplification techniques has been limited by the necessity of amplifying a single target
sequence at a time. In instances where any of multiple possible nucleic acid sequences may be

present (e.g., infectious disease diagnosis), performing multiple separate issays by this
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6 The nethods of the invention are particularly advantageous for
SDA, as the required nunber of -anplification primer pairs containing
Yestriction enzyne recognition sites is reduced fromone pair/target to a
single pair, or, alternatively, to a single anplification prinmer. Wth
fewer -anplification prinmer pairs, tthe formation of priner dinmers and
nonspeci fi ¢ background anplification are reduced. The inventive nethods
also allow a reduction in the concentration of primers, as the adapt er

pri mer \BRPGEHUTOISt AITISTSOMS d@rﬁxmwomc& $.sPatertshos. H6831R% 4 2 and
DESCR P02 pibssRaial Alfiough thesp drveptor saighal RAHPIY RuERCEt Ay iohe
argat %&ftﬁhﬁ 'ggvpefg&’"dgpe < RS Pl el seolprbes mrainge B B il Tor °
51s an Ut hulble RATRERER P RaBlintd is S IfernES ERRne R ¢ it ¢
Fi g 4 'sgpé?ﬁ'teapél@g aﬂ'l:ﬁng, av@hm%ﬁ@l%f&ﬁ;(aﬁx@% DRtk ﬁll‘%f%edt &l)edlﬁél%ﬁ{{ gtﬂanfet he
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amplification and background. An improvement on the PCR which reportedly allows

simultaneous amplification of multiple target sequences is described in published European
~ Patent Application No. 0 364 255. This is referred to as multiplex DNA amplification. In this |

method, multiple pairs of primers are added to the nucleic acid containing the target sequences.

Each primer pair hybridizes to a different selected target sequence, which is subsequently

amplified in a temperature-cycling reaction similar to PCR.

Certain nucleic acid amplification procedures have employed addition of defined
sequences to the ends of nucleic acid fragments prior to amplification. U.S. Patent No.
5,104,792 describes a modiﬁcatidn of PCR which allows ampliﬁcafion of micleic acid
fragments. for which the sequence is not known. The primers for the amplification reaction
_contain random degenerate sequences at their 3' ends and a defined sequence at their 5' ends.
Extension of the primers produces fragments containing unknown sequénces which are flanked
by the defined sequence. These fragments may fhen be amplified in a conventional PCR using
primers which hybridize to the known flanking sequence. Another method for PCR
amplification of unknown DNA which flanks a known sequence is described by D. H. Jones
and S. C. Winistorfer (1992. Nuc. Acid.s;. Res. 20, 595-600, “panhandle PCR"). In paqhandle
PCR, a single-stranded oligohucleotide complementary to a sequence in the known DNA is |

ligated to the 3' endé of a double stranded fragment. Upon denaturation and intrastrand
reannealing, the complementary sequences hybridize and the recessed 3' end is extended with

polymerase, producing the unknown sequence flanked by the known sequence. ‘The known



The present invention provides nethods for sinultaneous anplification of
nultiple target sequences by priner extension, particularly by SDA
Tnul-tiplex SDA). The nethods use a single pair of anplification prinmers or
a single SDA anmplification prinerzto coanplify the

# nmultiple target sequences. This is acconplished by appending a defined
adapter sequence to the targets and anplifying by prinmer extension. The

| nvent i yéguditee tadl Théd Be Sédtd Peepate Pameisnfor asnplifidtiinesf tiedirdkinedm sequence.
multiplexing." This is in contrast to "conventional multiplexing” in which

mul ti plSimflani neetlefdst for geherafiec iofi © hpirpinestmicare and esingle prinserpdmflificatien are

mul tiple targets without addition of adapter sequences. _The

f ol | owi degcribed iw publishefbEuropgarRatentrApplicatin Nows0 379 369. WO 994 Hescribestd on
primer is a prinmer for an‘glification of a target sequence by priner .

ext ensi §auencenindsppndent, anethod nfer ogmplfication| off LENA| sequsnsesevhichhare gatwsly

bi ndi ng sequenge). hybr.idi zes gt the 3', end of the target uence and
conpr i awreﬁgémrsﬁf Shiganicleotids primes BeiFs erﬁltsﬁtedéﬁztbﬁéara@aﬁﬁ oy Blunkead The
recognitiqn site, i,s,for restriciion epzyne, which will nick one strand of
DA chEshen SuufHen PERATRIiseion e e PRBe SRE OO ROMTLRAMEES  descr i bed by

Wl ker, et al. (1992. PNAS 89, 392-396) and in U S. Serial No. 07/819, 358,
filed January 9, 1992 (the disclosure of which is hereby incorporated by

reference) . & BRHARAS 28 h6&R%Hit Qb ahPlificheBn HHMRLLsLEARY SFhen onl

recognition site for a restriction enzyne cho contai ns at

ot O N kiR, O SRR ot (g o o 10se8y
site dofgchtela flRdifthfionl 8f teveisk 4RdsdHptib® PORIBSwRRH a unique sequence is appended
to the 5' end of the first strand during reverse transcn'ptior_l. First strand synthesis is primed by
a hybrid primer which is complementary to the RNA target at the 3' end and contains the
unique sequence at the 5' end. The cDNA is then amplified using a pri;ﬁe_r directed to the
unique sequence and a primer directed to a target-specific sequence. ThiS reportedly reduces
amplification of carryover contaminants. Published European Patent Application No. 0 469 |
755 discloses a method for producing single stranded polynucleotides having two segments
that are non-contiguous and complementary.. A sequence complementary to an existing
sequence in the polynucleotide is introduced by extension of a pfimer which hybridizes to the
polynucleotide at its 3' end and has the complement of the existihg sequence at its 5' end.
~ After extension of the primer the polynucleotide can be amplified using a single primer. V.
Shyamala and G. F. L. Ames (1989. Gene 84, 1-8) teach a method for PCR amplification of
DNA when th_e. seqﬁence of only one end is available (SSP-PCR). The unknown end is ligated
to a generic vector sequence, and the ﬁ'aginent is amplified usihg a gene-specific primer and a
generic vector pﬁrﬁer. Similar methods are disclosed in Published European Patent
Application No. 0 356 021. WO 90/01064 describes amplification of a sequence by
synthesizing a complementary strand primed with a sequence-specific primer directed to a

known portion of the sequence. A homopolymer is added to the 3' end of the complement and
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I's nicked by the restriction enzyne. The preferred hem nodified recognition
sites are hem phosphorothioated recognition sites for the restriction
tnzynmes Hincll, Hincll, Aval, Ncil and Fnu4H . For the majority of the SDA
reaction, the anplification primer,is responsible for exponenti al
anplification of the target sequence. An adapter primer has a
sequence at its 3' end (the target binding sequence) whi ch hybridizes to

the t t t .the 5 d f th da .pri
sequenc® Seﬂ”eiﬁ%&p 4 bilie A bemtRg et AumEL A r !\'éﬁfché?g%ﬁg&% MGy
' de?hgcr%hpﬁ%ff“ Suefllerdtind Biok. Adsptation of PCR, o, footprinting is taueht by B, R

anpl i f ngﬁeuéenarm 'wew%mﬁ%fd%gco%mnm Y78 R7§5! Wﬁdanngﬁxﬁﬂﬁf“&%nﬁm be -

prepar e primer Is a’prinmer tar get

sequencligdRedlERY seudick iehigaedd toatﬂé‘lahfqﬁe Bhd éfTEHchfﬁa%ﬁffehpé‘f fAE if58¥prinSld@dect hat
extensi on of the bunper priner displaces the downStreamprinmer and its

ext ensi Diie figerRs arduinpHSedotsifd a PHIRSecoRipléiintary S0 AR cORdACseq@énce and a
di spl aci ng the extension products of adapter and anplification primers, but

heat i ngprirfieradofplenetitirgld the known sequenkelefithiedixed emdjuences wi Il hybridize to
the sanme conpl enentary nucl eoti de sequence. Substantially identical
sequences are sufficiently simlar in their nucleotide sequence that they
al so hybridize to the sane nucl eotide sequence. The terns target
or target selq‘hﬁepﬂseentemhoctsmrnudt eimeans fat appending-any adaptee sequence prany paxr

- of adapter sequences to any target prior to amplification by primer extension. The adapter
sequences reduce the number of specific primers which are requifed for simultaneous
amplification of two or more target sequences in a single primer extension amplification
reaction (referred to herein as "multiplex amplification" or "multiplexing"”). Conventional

~ multiplexing invelves putting into the reaction primers specific for amplification of each target
sequence, i.e., each target is ampliﬁed by a specific primer or pair of primers. Conventional
multiplexing provides satisfactory results in certain circumstances, but has drawbacks in that
multiple specific ptimefs must be prepared for each multip!ex reaction. Often, however,
multiple sequences cannot be réadily amplified and detected using conventional multiplexing
due to generation of high levels of nonspecific background amplification. The adapter
mediated multiplexing of the invention is an alternative to conventional multipiexing which

givee improved results in_certa.i_n cases. Of the foregoing publications, only EPO 0 364 255
and Mueller and Wold address the problem of simultaneously amplifying multiple target
sequences. Both teach simultaneous amplification for PCR, which in part due to its
temperature cycling provides significantly different reaction conditions as compared to
isothermal amplifications such_ as SDA. Although certain of _the foregoing publicetions
describe appending defined sequences to either end of a fragment prior to amplification, the
addition of the defined end a.nd ampliﬁcation. are performed in separate reactions. Further, the

present invention for the first time provides methods for simultaneously amplifying multiple -



These include the original nucleic acid sequence to be anplified and its
conpl enentary second strand (prior to addition of adapter sequences),
®ither strand of an adapter-nodified copy of the original sequence as
descri bed herei.n, and either strand of a.copy of the original sequence
which is an internedi ate product ofSthe reactions in which adapter
sequences are appended to the original sequence. In the
adapter-nedi ated nmultipl exing of the invention, adapter sequences are
appendedargepsdquences by SDA twithget theagoessieesf fryvidirgsepaditesspagifie pripetsnfer sachnd a
series of extension and strand displacenent steps as described bel ow. An
adapt er tprgetreFhe inventiveimeshedsare patiowarly adwaniageehisah thait pdditiom dbgefimed adapiemnce
at its 5 end and (ii), a_target binding sequence at its 3 end. The 5
adapt er S§aufRERTE thaendnobite tatgst ssquendes andshecamplificatiom Fragtiompeaur it asingle
primer can. be gre ared. The a terﬁ&squence may be arbitrary or it may

. . ad _
cor r es pdfRFLOH T 2BYARRRAT B 2 SPRE SEAP P AR PTAFYANEequences. The adapter and

target binding regions of an adapter prinmer may :
9 be contiguous, or they may be separated by a segnment of unrel ated

sequence. Different adapt ' ave common 5' adapter
sequences (as descri bed b-eﬁmfﬂmgﬁépgl ly have different 3'
target binding sequences to achieve hybridization to the various targets.
A uni que adapter primer will therefore usually be required for each target

end to be moglidordifg by rtrlg%/ bx%Eé?ﬁWenﬂé %Bs;}ﬁ@ﬁ@'riﬁ{er %?%Wc&( pdQkdy fNds

of a target seguence e nodifie attac apt er

onLer ety g e ko salecty Do sprbund digrnt e,

t he choithe ends oflthat rargeprseqintes within the context of the amplification reaction so that no
additional manipulations are involved to append the adapter sequences. That is, the target
sequences with the appended adaﬁter sequences need not be isblated prior to amplification. In
one embodiment for coamplifying two target sequences, a sequence corresponding to a
terminal segment from one of the two strands of .the first target sequence is appended to the 5'
end of one of the two strands of the second target sequence and a sequence corresponding to a
terminal segmént from one of the two strands of the second target sequence is appended to the
5' end of one of the two strandé of the first target sequence. Amplification of the two modified
targets then requires only a single pair of .ampliﬁcation primefs. One amplification primer of
the pair hybridizes to a sequence corresponding to the first target and the other amplification
primer of the pair h_ybridizes to a sequence corresponding to the second target. Alternatively, a
single pair of sequences'from one target may be appended to the 5' and 3' ends of each strand
of any number of targets. In aﬁothe_r embodiment, two arbitrary "universal" adapter sequences
may be appended to the ends of any number of targets. All such modified target sequences
may then be ampiiﬁed using a single pair of "universal" primers which hybridize to the

appended end-sequences.
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‘By way of exanple, the follow ng detail ed description of the invention is
directed to prinmer extension anplification by SDA It wll be apparent to
one skilled in the art that these nethods are readily applicable to any
met hod for DNA-anplification mhic% is based on extension of priners by
pol ynerase. These include, for exanple, the 3SR and PCR anplification

nmet hods di scussed above. To adapt the inventive nethods to these

[ifi i i he SDA [ L fi i i | d_ by 0l d
o ot O R 2 SRR B S0 Rl

[ifi i i Ls . i .in t . ) : . i. | d
e’ esseihie BeaAiCRn oA BalPOMaibile (i lldn enailE rZUBRKEE SBE T AURY
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.nmodi fying both en a sequence b atta i ned adapt er

sequencRier Amplificatiod FiMe? 'pals | 1hB ot df) prinfer MithEds hind §fdnecifict tacREboundNA
at the 3" end of the target DNA sequence. -The target binding sequehce of

Alerr] amfplificatibiear® rededed. art@ ihlhtive nReicld abdaillotr a FRIUESICE ths cdhcdnf@tibn
end. A first bunper prinmer (B[err]) as described by Wil ker, et al. (1992.

Nuc. Acofisrirnes, as2Re adapel pHiafeo which donbdinscthe deffiied seqeentalsgeesebiNG mugisioneam of
the first adapter prinmer. The first adapter prinmer and first bunper priner
are extencemctionthamthe pmptification fprifren itireplaceds. t he upstream bunper priner

di spl aces the extension product of the first adapter primer (Alerr]-ext),
whi ch includes the adapter sequence at its 5 end

10 but is otherwi se conplenentary to the original target DNA sequence.
The target binding sequ ESC@?TééB‘)OEfTﬂE W@ pt er primer (A2) is
then hybridized to the first adapter extension product (Alerr]-ext) at a
position corresponding to the 3" end of the sequence '

Fig. 1 is a diagram illustrating the method of the invention for appending adapter

~.

sequences to both ends of a target sequence.

Fig. 2 is a diagram illustrating the method of the invention for coamplification of two

target sequences.
Fig. 3 is an autoradiograph showipg the results of the expe_riment in Example' 1.
Fig. 4is an autoradiograph showing the results of the expeﬁrﬁent in Example 2.
Fig. 5 is an autoradiograph showing the results of the .experiment in Example 3.
DETAILED .DESCRIPTION. OF THE INVENTION
The. present ix_lvention provides methods for simultaneous ampliﬁcation of multiple

target sequences by primer extension, particularly by SDA (multiplex SDA). The methods use

a single pair of amplification primers or a single SDA amplification primef to coamplify the
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conplenentary to the original target sequence. The 5 end of A2 conprises a
second adapter sequence, which may be the sane as the Alerr] adapter
Fequence or different fromit. Polynerization and displ acenent by
extensi on of a.second bunper priner (B2) as before produces a single
stranded copy of the original targgt sequence with adapter sequences :
appended to the 5 and 3' ends. Specifically, the 5 end of this nodified
target derives directly fromthe second adapter priner, while the 3' end
of the modtiple dergetaseguencenhilhis is epeamilishiéd b appending andefined aiapter sequgncertd i s
conprised of a sequengce, conplenentary to the first adapter sequence.

For br ey {argets and amplifyingby primejeaxtessioar skhedaventivenmerhagds drereferredhio heggin
T e et
order oA RrGe fc et Sprisprifites e 3 B ShmtshShe) mutiiple SAEER: withRl "
ot ener SHABRLE aaptfagenl N A0C O OO Ll hg and extensi on of the

first and second bunper prinmers is simlarly reversed. The net result of
t he correspondi ng extensi on and di spl acenent reactions for the second

strand is a rmodifbi@dingéHRtard AGHRE ReredsHBIRE @ sequence identical to the .
first adapter sequenCe at the 5 end and a sequence conplenentary to the

second adapter sequence at the 3' end. Al strands of the target
sequences, termnally nodified with adapter sequences, can then be
anplified exponemplifidatipn lprinsenyié afpritdri fon applifieation Wfcs targed rsgquienbe beli prigner
sequences (at the 3' end of the priner) are substantially identical to the
first aredtensionndrardSPAeithes 3'gereh of shenamplificalion prinees (tfe tanget dhiading sequencr s
used to generate the nodified targets. . The process illustrated in
Fig. 1 dabridizesatdhe 3'endwdiiretargst sequence:andpompsises serecegnitian sitgl fona cestridtipn
within a single reaction m xture_provided the m xture contains an
appr opr i€8gEe near its 5' end. The recognition site is for a restriction enzyme which will nick one
strand of a DNA duplex when the recognition site is hemimodified, as described by Walker, et
al. (1992. PNAS 89, 392-396) and in U.S. Serial No. 07/819,358, filed January 9, 1992 (the
disclosure of which is hereby incorporated by reference). A hemimodified recognition site is a
‘double stranded recognition site for a restriction enzyme in which one strand contains at least
one derivatized nucleotide which prevents cutting of that strand by the restriction enzyme. The
other strand of the hemimodified recognition site does not contain derivatized nucleotides and
is nicked by the restriction enzyme. The preferred hemimodified recognition sites are
henﬁphosphorothioated recognition sites for the restriction enzymes HinclIl, HincII, Aval, Ncil
and Fnu4HI. For the majority of the SDA reaction, the amplification primer is responsible for

exponential amplification of the target sequence.

An adapter primer has a sequence at its 3' end (the target binding Sequence) which
hybridizes to the target sequence. At the 5' end of the adapter primer is an adapter.sequence.

The adapter sequence may be a sequence which is substantially identical to the 3' end of one of



adapter primer for each target end to be nodified. The various adapter
primers may be designed so that all nodified target sequences generated
Tontain the sane pair of appended sequences. Al termnally nodified
target strands-may then be anplified by the sanme pair of anplification
primers. Alternatively, tf all adgpter primers contain the sanme 5 adapter
sequence only a single anplification priner is needed to anplify all

modi fied target strands. Fig. 2 illustrates an alternative

enbodi nshe amplificatiop rpsiseass of itvmay berany defiledcsequensetfar geich amplifisatiens prmers
co-anplified u5| ng a single pair of anplification priners. Again, -

modi f i ca¥itbgprapt em%‘?fﬁ?’té'ﬁﬁ@tE@@@Edewn‘éﬁi&ﬁnbapﬁ'@ﬁf@equence is illustrated for
clarity. In this enbodi nent, one end of each target strand is nodified by
appending to it a seqguence substantial ly identical to a term nal segnent
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sequencegupsile ext ended wi th pol ynmerase. The nicking enzyne recognition site
of the anplification prinmer is depicted in Fig. 2 as a raised portion of
the primer. The resulting extension product is displaced by extension of a
bunmper prinmer (BAI) which hybridizes to the target upstreamfrom Sl err].
The di spl acedd&hicak sequences willobybridize (t8/the xdajnei sorhglementagyenudentide seqapicer
primer q[berr 1) which binds to SA-ext at the 3' end of the conplenent of
the ori diubstantiallyjdenticabsequenses Treesufficiently sirnilandn theipnuclentide sequedapthat they
sequence (solid portion), which is substantially identical to the target

bi ndi ng akwdiybridize 29 therramgnuelgetidsrseqemce.an anplificati on primer whi ch
specifically binds to the second target (B). Extension of AA

The terms target or target sequence refer to nucleic acid sequences to be amplified.

_ TheSe include the original nucleic acid sequence to be amplified and its complémentary second
strand (prior to addition of adapter sequences), either strand of an adapter-modified copy of

~ the original sequence as described herein, and either strand of a copy of the original sequence
which is an intermediate product of the reactions in which adapter sequences are 'appended to

the original seqi.;ence.

In the adapter-mediated multiplexing of the invention, idapter sequences are appended
to the ends of target sequences by means of adapter primers and a series of extension and
straﬁd displacement steps as described below. An adé.p;er primer is an oligonucleotide
comprised of (i) an adapter sequence ai its 5' end and (ii) a target binding sequence at its 3'
end. The 5' adapter sequence may be. any sequende for which a-suitable amplification primer
can be prepared. The adapter sequence may be arbitrary or it may conespoﬁd to a segment of

one of the target sequences. The adapter and target binding regions of an adapter priiner may
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and di spl acenent of the AA extension product (Alerr]-ext) produces a single
stranded copy of the A target sequence with a nicking enzyne recognition
site and the A target sequence at its 3' end and the SB target binding
sequence at its 5 end. 9 12
The second target (B) is treated simlarly, first binding and extending. a
‘B-specific anplification prinmer (SB), then hybridizing an adapter priner

{er i not SEuTRRBACHY B R b sebnf b iShbperl SE hueRL s R, e °
o rorSdgier Befiekd P B hid§ b6 BRSLonRfict FIMEDA! sdfbonded Tacidesed Nl URBLET
target ey willgeReralfla®df difiBrenf BeRrged Birdind deqlisncty RS laaiibiehybridiABBA it dhe t O

the target bindi ng sequence of SA ~ Extension and displacenment of the AB

ext ensi adrions edges. (AAThigud ddaptep riars will thefforefustidlly teaeqiltkd! fof @gdh tafgRElBRNCe
wi.th a nicking enzyme recognition site (raised portion) and the B target
sequence b modifiad By attachment of e aBiper feqhence.etOrei srdhonly esdsqpfentaega tsequencsd’
end. The two adapter-nodified copies of the target sequences are

anpl i f i mby dbebmodified hyi thy ettdchmehte ofS[adapter aewphefesr r Whempbaothi erslsi afha paigeer s
already present in the reaction. To begin SDA, Alerr]-ext and AB-ext

hybr i di sequensetane modified the twe appeaded sequences oy heiidentical agthesh may bediffeserted t o
produce the conpl enent of the nodified strand (i.e., extension of SA on
the A nérpendiag oathechoicarf adanteneimersof SB on the B nodified strand),

I ncl udi ng the conpl enent of the adapter sequence at the 3' end. After

ni cking and displacenent, the anplification primer of_the opposite target

RO AT RN ST SR T O R

produce, gmbf 890HMn MbiibicRidH §ySBA. G Wi Be LSRR t' N sRilbg i the R thab titkse TH' S
methods are readily applicable to any method for DNA amplification _which is based on
extension of primers by polymerase. These include, for example, tﬁe 3SR and PCR
amplification methods discussed above. To adapt the inventive methods to these am'pliﬁcati'on
reactions, the SDA amplification primers would be replaced with amplification primers
appropriate for the selected primer extension amplification reaction, as is known in the art.
The adapter primers would be essentially unchanged regardless of the primer extension

amplification method selected.

Fig. 1 illustrates a preferred method for modifying both ends of a target sequence by
attachment of defined adapter sequences. A first adapter primer (A,) is hybridized to a target
DNA at the 3' end of the target DNA sequence. The targei binding sequence of A; is at the 3
end and the selected adapter sequence is at the 5' end. A first bumper primer (B,) as described
by Walker, et al. (1992. Nuc. Acids Res. 20, 1691-1696) is hybridized to the target DNA
upstream of the first adapter primer. The first adapter primer and first bumper primer are
extended with polymerase. Extension of the upstream bumper primer displaces the extension

product of the first adapter primer (A;-ext), which includes the adapter sequence at its 5' end



fragnent is anplified by conventional SDA as described by Wl ker, et al.,
supra. The doubl e stranded reaction products which are produced
after displacenent of AA- ext and AB-ext nay al so participate in a
reaction | oop which generates addigional copies of AA- ext and AB-ext.

Ni cking the restriction enzynme recognition site of the bottom strand,
extending with pol ynerase and di spl aci ng the bottom strand produces targets
whi ch a.ﬁr)e Si rTLIar. to éLerr -ext and SB-ext but with half of a reslhé&__ction
enzyme PECSAINTMYE complementaryatos theaprginatijarget VA SPAWICSe r e R8T HediRg

hese f .as.shewn in Fig. 2 and b - |
15 i SPEERL 9 BRAco PR PRES, 15 1AM IR AR % B AR i 1

a1 O R BHSAICONA SV P o SROAOL Lo Rlfig?to 'WRE 2 crER, MO Bl L e

t he SDA™réacti on cyc as ‘descr a epic

gener at { fiiBhediBd dol 8 ot@lrdPladed: s8gleAL YTROS: & 18, EMoriskOTREEIRNAbikr

st rands I'y “present ar get “sequence. ‘Processes simlar

those gdagutealWwilcI hey Nt thef 5ok t 41 theGONdditbAnEqihcsash difraRt frol it he
case of the second striand, however, the order of binding and extension of

the pri pglyfmetizatiodVaids @idpladditent dRPEREnsiIn BERSsecbhd Hlimpem Grifief €B1) ¥s tefdrée
target second strand and are extended on that tenplate. After iIts

subsequpriduckss pl sigerstrandedheopye of1the rgighrhpirget sequens avithpadagtart sdquéridesli zes
to the anplification primer, which is in turn extended and di splaced to
gi ve a gppeddedt tocthatShamd 3endheSpenifiaily)ahe Seerdnaf thisrmodifiedaraceet desepsadicestiyi t h
a recognition site for a nicking restriction en%me at its 5' end and a
sequenc&omche beond pdapten primerewhille the S ensoofi thepwdified jtargetdwhighocompsiirdirestly f i ed
fragnent enters conventional , SDA anplification by binding and extension of
t he anpftem;the firss adapten) sesompsised pf & sqayenqerromplamenians tq HediEst adapter sequendsi nds
to the A-derived strand and SA binds to _ :
For brevity, Fig. 1 depicts target generation from only one of the two complementary
target strands normally present in a sample. Generation of modified targets from the second
strand is analogous to generation of modified targets from the first strand as shown in Fig. 1,
except that the order of binding and extension of the first and second adapter primers is
reversed. That is, A, is bound and extended first and A, binds to the extension product of A,
and is extended. Binding and extension of the first and second bumper primers is similarly
reversed. The net result of the corresponding extension and displacement reactions for the
second strand is a modified target fragment which has a sequence identical to the first adapter
sequence at the 5' end and a sequence complementary to the second adapter sequence at the 3'
end. All strands of the target sequences, terminally modified with adapter sequences, can then
be amplified exponentiélly by amplification primers whose target binding sequences (at the 3'
end of the primer) are substantially identical to the first and second adapter sequences at the §'

ends of the adapter primers used to generate the modified targets.

The process illustrated in Fig. 1 can be used to modify multiple target sequences

simultaneously within a single reaction mixture provided the mixture contains an appropriate
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the B-derived strand), producing a fragnent for each target second strand
with a nicking enzynme recognition site at each end. - Al of the
Yeaction steps involved in appending the adapter sequences and anplifying
the target may-occur concurrently jj;n a single reaction mxture. That is,
Qnce adapter sequences are appended to a target nolecule, anplification of
that target nolecule can take place within the sane reaction m xture prior

to appe{&ihgk@ \g}{rﬁéhﬁr?ﬂét?ttﬁégtf]@xgt#"?@%smBgﬁ??y ?ﬁé‘%ﬁ&ﬁr%ﬁgter PRGS resy be

present a out isol at of the np ed target. Reaction condi’tions
for thedesipaedQgthaf all H@diﬁ@&@&&b@&q%@ce@?%ﬁ&hteﬂ' doritaip tibesueld pael ob¥ppildker ,
|

et al., supra, for SDA, with “sone nodifications. First, the initial

react i Ogeqiiknces.0Mlbienninally fodified aatget biralsimdy then e ramplifisd by hie etappsir of
prinmers as well as the target DNA. In addition, the anplification priners
are pramsglification givimers. 1 0Afternatiwely; ef'salbadapteh eriactaptcontajr thee same Hoveslapter

like conventional SDA, the nicking restriction _enzi/me and exo- Kkl enow
pol yner mgermemn@@guglaamhﬁqagan pdeenisuneadédote amplify all modified target strands..
14 of the target DNA and annealing of the primers. After denaturation of
the target DNA, annealing of the primers and addition of polynerase, the
DUt omat | cal | 8 8 dsti FR RGO O e aietses FRFIo8h WHAIGWAHEDN by
e P oSl Tty Sl BB R RSRAIES 30805, R HiendeRyT
ot ver gy Bk Tt T R oS e PP O oA
primer gi BchStarget strand is modified by appending to it a sequence substantially identical to a
terminal segment of the other target. The 6ther end of each target strand remains unmodified
and retains its original complementarity to one ﬁ\ember of the ampliﬁcati’pn primer pair. As
detailed below, the resulting modified targets can then both be amplified i)y a single pair of
amplification primers, one member of the pair being complementary to one of the two original
target sequences and the other member of the pair being complementary to the other of the
two origihal target sequences. For the first target (A), an A-specific amplification primer (S,)
is hybridized to the 3' end of the target sequence .and extended with polymerase. The nicking’
enzyme recognition site of the amplification primer is depicted'i’n-Fig. 2 as a raised portion of
the primer. The resulting extension product is displaéed by extension of a bumper primer
(B,;) which hybridizes to the targei upstream from S,. The displaced S, extension product
~(Sp-ext) is hybridized to an adapter primer (A,) which binds to Ss-ext at the 3' end of the
compfement of the original target se'quence._ The 5' end of A, comprises the adapter sequence
(solid portion), which is substantially identical to the target binding §equence at the 3' end of
Sg, an amplification primer which specifically binds to thé éecond target (B). Extension of Ay
and displacement of the A, extension product (AA-ext) produces a single stranded copy of the

A target sequence with a nicking enzyme recognition site and the A target sequence at its 3'

end and the Sy target binding sequence at its 5' end.



EXAMPLE 1 ‘Coanplification of two target sequences was conpared
using conventional multiplexing and adapter-nediated nultiplexing. The
First target was the 1S61 10 insertion elenent of Mycobacterium

tubercul osis (t-arget "A", Thierry, et al. 1990). The second target was the
16S ri bosomal gene of Mycobacteri uma ubercul osis (target "B"). Conventi onal
. mul tiplexing enployed a full set of four priners for each target sequence
(S[err], S[err], Blerr] and B[err] as described by Wal ker, et al., Nuc.
Acids Res., supra), i.e., atotal of eight priners for the two target
sequences. F@heastephd targed(BY Rdtréated isPhiRiy N Erst Ainding Uad rekteddingna FB-Gpeciic ONe
of the S prinmers for each target sequence was replaced with an adapter

pri mer amplificatiooeprimert (Sa)y then hyBridizing @aa adaftan ptiher ¢AgK antieadsitaiod piddactS
primer it replaced. SDA was perforned generally as descri bed by
Val ker, (&-C&'S-. Spiybridizes toB Res 3' teguipalsegmditeofB whichdiocmsplemedtann® taith the
conponents was 45 mM Klerr]PJerr], pH7.5 6 mMMdI([err], 0.5 mM dUTP,
0.2 niv &t binding sequeagerof B andrtheminpies sequencenef] Ay, ddetdyead of adguer fiirasr
(v/v) dinethylsul foxide, 3% (v/v) glycerol (supplied by the stock sol utions
of exo- Adl wREdIZENA thephend 9f9,t£l259ma mitiefithe PEgBA targebrid the Shendhof Ap éspen

Engt andversils Bsdaly el g it i sedisnen ot eonberip A
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its 3' end and the S, target binding sequence at its 5' end. The two _adapter—modiﬁed copies of

the target sequences are amplifiable by SDA using only the S, and Sg amplification primers
already present in the reaction.. To begin SDA, A,-ext and Ag-ext hybridize to their respective
amplification primers, which are extended to produce the complement of éhe modified strand
(i.e., extension of S, on the A modified strand and extension of Sg on the B modified strand),
including the complement of the adapter sequence at the 3' end. After nicking and
displacement, the amplification primer of the opposite target can then bind to the 3' end of this
extension product (i.e., Sg to the A-derived strand and S, to the B-derived strand) and is
extended to produce a ﬁ'agmént-with a nicking enzyme recognition site at each end. This

fragment is ampliﬁed by conventional SDA as described by Walker, et al., supra.

The double stranded reaction products which are produced after displacement of A,-
ext and Ap-ext may also participate in a reaction loop which generates additional copies of A,-
ext and Ag-ext. Nicking the restriction enzyme recognition site of the bottom sfrand,
extending with polymerase and displacing the bottom strand produces targets which are similar
to Sp-ext and Sp-ext but with half of a resfrictic_m enzyme recognition site at the 5' end. The

adapter primers can bind to these fragments as shown in Fig. 2 and can be extended and



each of SEQID NOS5 (B[err]), SEQID NO 6 (B[err]), SEQID NO 7 (B[err])
and SEQ ID NO.8 (B[err]). For adapter-nediated nultiplexing, the sanples
Tontained .the following priners: 500 nMof each of SEQID NO2 (SAin Fig.
2) and SEQID NO 3 (SBin Fig. 2); 50 nMof each of SEQ D NG 10 (Alerr])
and SEQ ID NO 9 (AB); 25 nMof eack® of SEQID NO5 (B[err]), SEQID NO 6
(B[err]), SEQID NO 7 (BIB) and SEQ I D NO 8 (B2B). Each 47 [err]L

sanpl e was assenblgéj to contain_all _reagents except exo-. klenqw and,  Hincll

usi ng 19splacsddermrratcerdditinnrl eopies Phfa-ext and - dglsatWithrhall Bf @ [eatnctionas
dded aft ddi 1. on.. and, m_xXi f.all h t t. - - ki
And i (T FEOBREOB LS Sing s ol Al Prign e SDAGA R CRS GFRTRE I,

di met hyl sul foxi de and MgCl [err] are mi xed at concentrations consi derably
hi gher than 45 MM 12% (v/v) and 6 nM respectively. The sanples were then

Fuber cul osi o Ba JRPish, I dkalGh Cor IR, IRRE. Hofh, |, (PO hE

ate was observed 1 'y “after renoval from

the boi ddniflem¥@a straAd norhAly BAdskRFof @ichfztalt"g'ﬁg seqilend Cpafddsstd ¥iiar RtHdse

vortex m Xer redissolved the "nmajority o high tenperature precipitate.

Exo- Kl giaow disb driindtb fidin theZeSorditfand [oFlehdt taPdedtC Hn tBePEAsk 0P e s206nd ktoarld] (2
[err]L of a 75 units/[err]L stock solution) were added and the sanples were

I ncubat laslvéver, tRe brder aff bitdthg and extension biixhe fpriakts i3repsrssdiuCThe adapeerdringss ed
by prinmer extension as described by Wal ker, et al., Nuc. Acids Res.,

supr a. firsbbindrditectlplto qhotargdt seacid stramal endvare extereidd vart thab tewhiplaie. 4AftedVits
Klerr]P(Qerr], pH 7.5 6 mMMWd[err], 0.5 mMdUTP, 0.2 nMdGIP, 0.2 nM
dCTP, OsubsequientATdsplacgment, 1they/resulting:t adaptee d eBsnsiomdp@dietr ybridizesa ' -therr] p
detector probe stock solution (50 mM_ Tris-HCO, pH 8, 10 MM MC [err], 1
[ er r] M Buplification prmes; tvehichyis i &urn exteaderand: displagadivegiven produgkcontainipgshsEQ
I D NO 11.anq the deteg¢tor probe for target B was SEQ I.D.NO 12, The 12 '
[err]L ?%aﬂ%|se‘_‘s°r\s%érrén$ fREBettieayage With yrecognition, sitg F‘Hg’* Higkiag restrgtion gnpRe
| ncubat at 1t 52 end atid & geq%Z&c%ch %Iemzen[aerjrr EJ %he adapter sequence at its 3' end. This modified
. fragment enters conventional SDA amplification by binding and extension of the amplification
primer specific for the opposite target (i.e., Sg binds to the A-derived strand and S, binds to
the B-derived strand), producing a fragment for each target second strand with a nicking

enzyme recognition site at each end.

All of the reaction steps involved in appending the adapter sequences and amplifying
the target may occur cqnéurrently in a single reaction mixture. That is, once adapter sequences
are appended to a target molecule, amplification of that target molecule can take place within
the same reaction mixture prior to appending of the adapter sequences to any other target
molecules present and without isolation of the modified target. Reaction conditions for the
methods of the invention are esséntially as described by Walker, et al., supra, for SDA, with
some modifications. First, the in_itial_reaétion mix contains both the amplification primer's and
the adapter primers as well as the target DNA. In addition, the amplification primers are
present in about 10-fold excess over the adapter primers. However, like conventional SDA

the nicking restriction enzyme and exo- klenow polymerase are added after heat denaturation



16 of 1 unit/[err]L of exo- klenow were added and the sanples were

I ncubated for 15 mn. at 37[err]C, followed by addition of 14 [err]L of
S0%urea in 0.5X TBE. Sanplses were heated for 1 mn. at 95 err]C
and anal yzed using 8% denaturing gel electrophoresis and autoradi ography
(Mani atis, et al. 1982. Mol ecular Coning: A Laboratory Manual Cold Spring
Har bor Laboratory, Cold Spring Harbor, NY). The results are shown in Fig.

3. Lane - 8. repr nt SDA of. th S6110 se nce and ] anes 9-16 r sent
s of DRt wse BNE snd ganaline A she prars Seviel eneren 56 thes orat Bided by
ext ensi : NN Qr _pro to a 35-.an 6- er. for
convent ?Ig‘r?gﬂfm%ﬁhlgﬁg g‘(&?\&n 2 é\légggkgfyﬁ%ﬁg’ ti\%_;{rocej.Lsfg ogﬁgp%ﬁ%meefﬂapter
~adapt er g j 4 I ek AN Al kS ed: r |
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63- nmer forW?idap;/_tgp- r?eo%riagt':t?g rrumlhfeel( EI ggéﬂngdh?ﬁéﬁg@i%?% é‘bp%x?ded, ‘izragl?i?gd
adapt er taigetisaesticenatitoniatieallyodtivdrs fthe SDiAOFeabicIeyeRy Hfdebads@y! umvarsall rirddrk ON
of both the 1S6110 and 16S targets. For exanple, conpare adapter-nediated
anpl i fi mayitencapped@t thyy Sbbad tterprevent ektzhsion &yi polgaaase and eedueet backgriogad

sequences (lanes 3 and 11) with conventional nultiplexing (lanes 7 and
15). reacttons resulting from formation of primer dimers. EXAMPLE 2 Thi s

exanpl e denonstrates using adapter-nediated nmultiplex SDA as illustrated in -

Fig. 2 to generate two targets which can be anplified using a single pair

of SDA priners. The first target seguence (target "A") was the segnent of

the 1S6110 insertion el enent of Y um tuberculosis used in Exanpl e
1. The second target sequence (target "B") was '

Coanipliﬁcation of two target sequences was compared  using conventional
rriultiplexing and adapter-mediated multiplexing. The first target was the IS6110 insertion
element of Mycobacterium tuberculosis (target "A", Thierry, et al. 1990). The second target
was the 16S ribosomal gene of Mycobacterium tuberculosis (target "B"). Conventional
multiplexing employed.a full set of four primers for each target sequence (S, S, B1 and By
as described by Waiker, et al., Nuc. Acids Res., supra), i.e.,, a fotal of eight primers for the two
'target sequences. For adapter-mediated multiplexing, as illustrated in Fig. 2, one of the S
primers for each target sequence was replaced with an adapter primer at a concentration 10-

fold less than the concentration of the S primer it replaced.

SDA was performed generally as described by Walker, et al., Nuc. Acids Res., supra.
The final concentrations of corxiponents was 45 mM KjPOy4, pH 7.5, 6 mM MgClp, 0.5 mM
dUTP, 0.2 mM dGTP, 0.2 mM dCTP, 0.2 mM dATPasS, 0.1 mg/mL acetylated BSA, 12%
(v/v) dimethylsulfoxide, 3% (v/v) glycerol (supplied by the stock solutions of exo klenbv.v and
HinclI), 250 ng human placental DNA, 2.5 units exo~ klenow (United States Biochemical,
Cleveland, OH), 150 units HincIl (Neu} England Biolabs, Beverly, MA), and 0, 50, 500 or

5,000 Mycobacterium tuberculosis genomes (molecules). For conventional multiplex



:31 sequence derived from Mycobacterium aviumwhich is contained in plasmd
~pMAV29 (J. W U Fries, et al. 1990. Mdolec. Cell. Probes 4, 87-105).
Plasmi d pMAv29 was cut with the

17 restriction endonucl ease EcoRl;gto convert it to linear formprior to
using it in the anplification reactions. , SDA was perforned
generally as descri bed by Wal ker, et al., Nuc. Acids Res., supra. The

final c i : Sadl : L i £d [ tion
wero: 4t pinkacoly; BRsafplcs ARAGRHSd, e TR prRtly | sEBL CELuEh o SECES
dGTP, dNd1 @ANFEQ P90 m(sTh), ! Koer and ¥EQ/ Y N@UYGeE R 25 (@Mt i ed
by the Eﬁck@?&fuﬁ%ns of eggﬂ-ﬂ ksIEeI%ow and (ﬁgﬁcl 1) ; t% 85 ng/([ggé}ra] L human

pl acent ahcDHASEQ. ID NIO:5 {BEY0 SER EDV0:6UBL, L p $EQ BDas0Bi ;e and 8EQ ID NO:8

Cl evel and, OH); 154 units Hincll (New England Bi oLabs, Beverly, MA); 0, 8,
83, 830 (Bsg)83 0 adeptpi-eediafedtmtltipleiingbthetsempiesnconibined theofollewgmnpumersD§A0and
plasmd pMAv29 DNA. In all reactions, the genom c Mycobacterium )

t uber culnd4 pfeaghdf SEQSTR WQsRASL i Big2)aad SEQ B3 &Q:3 (Bp ireEigi 2nSAmM of eagh. of The
reaction m xtures also contained the followng priners: 450 nMeach SEQ ID

NO 13 SERQ M NO:40 (&) andSERED NONEAR12Y Bd)of each o SEQ IR NS BaNSEQED
(Alerr]) _and 2‘f)lzf)ngNQlGééA[)err] ; 9nMSI<:§mIDN05(B[err]), SEQ ID NG 6
( B[ er r ] WOSHB0pRE Iy NOsY €815 jand S5Q BrNQ:H(Mem)- 18 (B[err]). A
reacti on conponents except Hi ncll and exo- klenow were assenbl ed and the

m xtures were heated to 95C for two mnutes and then placed in a 37[err]C

vater DA { Qi pl RS e AR B el ABgert Seodl SRSMNESS ke
HinclI using 10X concentrated stock solutions of each reagent. The MgCly was added after
addition and mixing of all other reagents (except exo~ klenow and HincIl) to prevent'
precipitation which occurs when K;POy4, dimethylsulfoxide and MgCly are mixed at
concentrations considerably higher than 45 mM, 12% (v/v) and 6 mM,.respectively. The
samples were then heated for 2 min. in a boiling water bath to denature the Mycobacterium
tuberculosis DNA. A precipitate was observéd immediately éﬁer removal from the boiling
“water bath. Incubating for 2 min. at 40°C and mixing on a vortex mixer redissolved the
majority of the high temperature precipitate. Exo~ klenow (1 pL of a 2.5 units/pl. stock

solution) and HincII (2 pL of a 75 units/uL stock solution) were added and the samples were
incubated for 2 hr. at 40°C.

Amplification products were detected by primer extension as described by Walker, et
.al., Nuc. Acids Res., supra. A5 pL aliquot of each sample was mixed with 5 uL of 45 mM
K;POy4, pH 7.5, 6 mM MgCly, 0.5 mM dUTP, 0.2 mM dGTP, 0.2 mM dCTP, 0.2 mM dATPo
S, 0.1 mg/mL acetylated BSA and 2 pL of a 5-32p detector probe stock solution (50 mM
Tris-HCI, pH 8, 10 mM MgCly, 1 uM 5'-32P detector probe). The detector probe for target
A was SEQID NO:11 and the detector probe for target B was SEQ ID N0:1.2. The 12 pLL

samples were then heated 1 min. ina boiling water bath, After incubating 2 min. at 37°C, 2 pL



-

was i ncubated at 37C for two hours. After incubation the reactions were
termnated by . heating the sanples to 95[err]C for two m nutes.

After cooling, the reaction m xtures were assayed for the presence of
specific 1S6110 or pMAv29 anplification products using 5'-32P-1abel ed
primer extension as in Exanple 1. 4 15 pL aliquot of each sanple was
mxed with 2 [err]L of probe stock solution (containing 0.66 [err]

M
The-aopblogil GBS e@p@['\ﬁ%% iagégdli”r‘gfl 0 5y BB 3 A MOSper 1)
Fl)rSObeSgog@‘%g%y%gﬁggé%?%I%t%yymﬁén%ﬁsg&-ﬂ?gé were heated to 95[erer for

two mnutes, and then placed in a 37[err]C water bath. After 3-5 m nutes,
3 [err]L of a solution containing the follow ng conponents was added to
each sanpl ega@pis wiére! Bdatedlr Fdrl1 et 4| 59QVand aidWAedi Esit 8% Pdéndtudihyg gel. 8 nM
MyC [err]; and 0.9 nmM each of dCTP, dGTP, dTTP, dATPaS. The m xtures were
I ncubaeketréphobesiscind] auteradibgraphy (Manidtis, et ab X198 sMoleculza lorins A dmbomtdred by
addition of 30 [err]L of 50%urea in 0.5X TBE. The sanples were then .
heat ed Manu8is Cetd $izirfgdidarbonLahdratory rCbl@ Spfirg Hatbor AN dthe resuite acanshoynsd by
denaturing gel electrophoresis on a 10% pol yacryl am de gel followed by
aut or afigodr djahgs [Rueprasens SDey ofithe ISELLPr seyjuence and lanes 9-thagepresant 8D Aoef thaj s
anal ysis are shown in Fig. 4. The bands nmarked 35 and 56 nt in |anes 1-5
cor r esp6hene sequenessi danplified 1861 Kb (tatmet; o ds indicagrd: by ewiensien of thesSEQ B
NG 11. . _These | anes show anplification of |S6110 t ets . to ect ahl e

gl g‘%&é‘é‘iﬁgﬁhg

| evel s NQ:&kdgtectos Rrabs tg a 3oy and a¢-mer forRanyentional multiplexing {lapes,

adgpt eE’f:I-maa,gA %%—enclier olr talcig;latgémggéfedlrp\ullﬁgl%%%g (lanes 1-4). Amplified 16S (target B) is

indicated by extension of the SEQ ID NO:12 detector probe to a 27-and 48-mer for
conventional multiplexing (lanes 13-16) and a 39-, 42- and 63-mer for adapter-mediated

multiplexing (lanes 9-12).

Only adapter-mediated multiplex ampliﬁcaﬁon produced efficient amplification of both
the IS6110 and 16S targets. For example, compare adapter-mediated amplification of 50
Mycobacterium tuberculosis genomes for both target sequences (lanes 3 and 11) with

conventional multiplexing (lanes 7 and 15).
EXAMPLE 2.

This example demonstrates using adapter-mediated multiplex SDA as illustrated in Fig.
2 to generate two targéts which can be amplified using a single pair of SDA primers. The first
target sequence (target "A") was the segment of the IS6110 inser_tion element of
Mycobacterium tuberculosis used in Example 1. The second target sequence (target "B") was
a sequence derived from Mycobacterium avium which is contained in plasmid pMAvV29 (J. W.

U. Fries, et al. 1990. Molec. Cell. Probes 4, 87-105). Plasmid pMAv29 was cut with the



6-10, the bands marked 51 and 72 nt correspond to extension of the pMAv29
specific detector probe SEQ ID NO 19. These | anes show anplification of
as few as 83 input pMAv29 copies to detectable |evels (see faint band in

| ane 8). Although the anplificati 02]7r eactions contai ned equinolar. anmounts
of pMAv29 and genom ¢ Mycobacteri uim t ubercul osis DNA, the signal generated
from each input genom c Mycobacteriumtubercul osis DNA was substantially
greater than that generated from each pMAv29 nol ecul e becayse the .. .

My cobac trestiictinn endpeudiesse EceRIrcanypit i tadingdsdform POIOE thveag hin ﬁWé"“FP@giafﬁm
sequence per genone whereas pMAv29 contains only one target copy per

pl asmni d re@st88BYl e. Taken together, lanes 3 and 8 (which are separate

anal yses of the same anplification m xture) denonstrate successf ul
adapter-nedi ated co-anplification of targets fromas few as 83 i nput copies

f pMAv29 ' ' ' ] h 4L
o sb readi |y A FrolHES AR IASHRRAHY Wl i, Rk ALt JRL0RaC
; | . s of Lop S
Phese s IRl SdftehfandiaeR chrBfits i O7UIP ahplfihrion feeliod ekl 4830EM,
| ess ef fg g PHINISN s Mg (1, Ca b6 wwi&macg%awgg; gm,aa-gmpasi 0i0p! rg/miEDA

19 Thi s exanpl e
denonst ratemhisd B! 3% GAF) 8Rcatol Lsuphivd Byt he atbcls solutome ofirtoa klenognemd  of

the 1S6110 i nsertion element 'with a single pair of anplification primers

( SEQ | D HHQIT}: (e8¥inGRD Hubahi@ladknabPdIALisc2 fnits 6x66 kieiow (Rinited StatesnBiokbemical,
illustrated 1n Fig. 1. Adapter prinmers SEQ ID NO 20 and SEQ | D NO 21 were
used t o Qlevetiral, O p54anits HinkH (PetwRrzlandBigkabss Bevesly: M) At &i &3, 880 ps83Q010

speci fic.sequences at both ends. These termnally nodifjed
copies of both Mycobacterium tuberculosis genomic DNA and plasmid pMAv29 DNA. Inall
reactions, the genomic Mycobacterium tuberculosis and plasmid pMAv29 DNA were present
in equimolar ratios. The reaction mixtures alsq contained the following primers: 450 nM each
SEQ ID NO:13 (S, in Fig. 2) and SEQ ID NO:14 (Sg); 45 nM each SEQ ID NO:15 (Ap) and
SEQ ID NO:16 (A,); 9 1M SEQ ID NO:5 (B,,), SEQ ID NO:6 (B,,), SEQ ID NO:17 (Bg1)

and SEQ ID NO:18 (Bgy).

All reaction coh\ponents except Hincll and exo~ klenow were assembled and the
mixtures were heated to 95°C for two minutes and then placed in a 37°C water bath for 3-5
minutes. The enzymes HincII and exo- klenow were then added, and the amplification mixture
was incubated at 37°C for two hours. After incubation the reactions were terminated by

heating the samples to 95°C for two minutes.

Aﬁer_-cooliﬁg, the reaction mixtures were assayed for the presence of specific ;56110

~ or pMAV29 amplification products using 5'-32P-labeled primer extension as in Examliie 1. A
15 pL aliquot of each sample was mixed with 2 pL of probe stock solution (containing 0.66 w
M 5'-32P-labeled detector probe, 16 mM Tris-HC! pH 8.0 and 3.3 mM MgCl,). The detector
probe for the IS6110 target was SEQ ID NO:11, and the probe for the Mycobacterium avium



pMAv29 targets were then co-anplified wth 1S6110 using the | S6110 specific
primers. SDA was generally performed as described in the

precedi ng Exanpl es. The final concentrations of conponents in each 50
[err]L reaction were 50 niV K[err]P%err], pH 7.5, 6 MM MC[err]; 1 nM
each dTTP, dCTP, dGTP and dATPaS; 6%1. ng/nmL acetyl ated BSA, 3% (v/v)

1-mét hyl -2- pyrrolidinone (NW), 3% (v/v) glycerol (supplied by the stock

e ?2: etk ks SERTDINONR,, The' Figriren siore. Bibeediontis kﬁé?ﬁﬁp%@nﬁﬁﬁf@
Hi ncl i , VA . 1.0 i » ic. .
0L (DR 300 Ehal sl UL binpll) ' s 0 R SR e

! . A € PRV
ol o reomoréfs ids'iled f (ot TnGle 0 28 Wiish 206 Wkhof, § b TILHRT (o AT),
NO 2 (S2).8 i @%CihdS@.Q il NF 80 dCAPERGIP, %ﬁﬁ%%ﬁ#agggﬁ% r&%ﬁgei%régq

nM each SEQ I D 8 (B[err]), SEQ ID NO 17 ’(B[efr

| D NO 6. inGiibtddutNI°S fands B0 dnB theftemstsn/ Rl ctiths Reriliited gy A&fiSn bPBO uL of
generation of the 1S6 110 target as previously described. Adapter priners

(SEQ | D 50%2€a &n@.53EQBED WhEe dmples werenttieh tRbdf th0I5°CofdE ROMif@&CAAdODS L
| abel ed "Adapter -" in Fig. 5 Al'l reaction conponents except

Hincl | adliquetsowerd endyzedeby desstaring egel cabettiophoresis xdrime $0%e polyaaglaaddd @el
95[err]C for two mnutes and then placed in a 37[err]C water bath for 3-5
20 m nigllewed by petoragingraphy(Mamniatincet ahzgape®). Hi ncl | and exo- kl enow, the
anplification mxtures were incubated for 2 hours at 37 [err]C. The
anplification was term nated by heating the sanpl es -

The results of this analysis are shown in Fig. 4. The bands marked 35 and 56 nt in
lanes 1-5 correspond to extension of the IS6110 specific detector primer SEQ D NO:ll..
These lanes show amplification of IS6110 targets to detectable levels from as. few as 8
Mycobacterium tuberculosis genome copies using adapter-mediated multiplex SDA. In lanes
6-10, the bands marked 51 and 72 nt correspond to extension of the pMAv29 specific detector
probe SEQ ID NO:19. These lanes show amoplification of as few as 83 input pMAv29 copies
to detectable levels (see faint band in lane 8). Although the amplification reactions contained
equimolar amounts of pMAv29 and genomic Mycobdcterium tuberculosis DNA, the signal
generated from each input genomic Mycobacterium tuberculosis DNA was substantially
greater than that generated from each pMAv29 molecule because the Mycobacterium
tuberculosis DNA conta_ins about 10 copies of the IS6110 sequence per genome whereas
PMAvV29 contains only one target copy per plasmid molecule. Taken together, lanes 3 and 8
(which are sepafate analyses of the same amplification mixture) demonstrate successful
adapter-mediated co-amplification of targets from as few as 83 input copies of pMAv29 and
genomic Mycobacterium tuberculosis DNA. Both targets were also readily co-ampliﬁed' when
higher levels of input target DNA were present, as shown in lanes 1 and 6, and 2 and 7. | Co-
amplification of these same targets using conventional SDA multiplexing was about 10-fold

less efficient than co-amplification using adapter-mediated multiplex SDA.



to 95[err]C for two m nutes. . After cooling, the reaction m xtures
were assayed for the presence of anplification products by priner
extension as previously described. A5 [err]L aliquot of each sanple was
mxed with (i)-10 [err]L of a solution containing 42.5 nM Tris-HC (pH
8.0); 8.5 mMMwd[err]; 0.2 nMe cgh of dCTP, dGTP, dTTP, dATPaS; and (ii)
3 [err]L of 32P-I abel ed det ector ?)lrobe stock solution (containing 0.66
[err]M5' -32P-1 abel ed probe, 16 MM Tris-HO (pH 8.0), and 3.3 nM

MyCl [err]). The detector probe for 1S61 10 target was SEQ ID NO 11, and

the pMAv29-specific probe was SEQﬁkjo}ﬁF\% The m xtures were assenbl ed
and heated in a 95[err] C water bat r m nutes. After incubation in a

37[err]C water bath for 3-5 mnutes, 3 [err]L of 0.34 units/[err]L exo-
kl enow was. added to each m xture and the sanples were incubated at 37[err]C

for 15 mn. Tiibex@mpRNeeMNstARS! tRBRPNRAGo® (TP YMAV2 AqSlighi QBquhceQnbef M1 L
of 50% urea in 0.5X TBE. Sampl es were heated to 95[err]C for 2

M nut essegr@n@6f the186 L1 (insétion elennewtiial el phiy ofiahiplificRRrithdrd gSEQ D
[err] P-1abel ed products by denaturing gel el ectrophoresis on a 10%

pol yacrNOaleateSBQI ID NQ@:2)ospecifib Yorcl$60 1 & disingrthe ethadd illistragsdl ind&g.pr.eAidaptet y
described. Fig. 5 shows the autoradiogramof the gel. The bands marked 35
and 56 pdimens SEQ P NO2{daitl SECQy H3 NO:2 1 twere assed s igenerate ddpees| dftthd pMape2d fi c
detector probe SEQ ID NO 11. The bands marked 51 and 72 nt in |anes 3 and
4 cor r etapgat dequencecantaining IS4 1 10rspegificrseoenqse at both edds. eThese temunally Saagifigl

NO 19. Lanes 1 and 3 are separate analyses of the_same (adapter-containing)
anpl i f | PMAVER targets syerpthen sppmplified with 356l L9 using the Bi01dP speaifig paraersof t he
sane (adapter-free) anplification reaction. The presence of
strong 1S61 10-specific bands in both lanes 1 and 2 is expected, as both

t he " Adapt er

Uhe * Adapt of st S8 goRaR) Gertormal B! bELSBHL 90 e BRkbl BAMS® HR0'I ™
concentrations of components in each 50 pL reaction were SO mM K;PO,, pH 7.5; 6 mM
MgCly; 1 mM each dTTP, dCTP, dGTP and dATPaS; 0.1 mg/mL acetylated BSA, 3% (v/v)
1-methyl-2- pyrrolidinone (NMP), 3% (v/v) glycerol (supplied by the stock solutions of exo~

B klenow and HinclI), 300 ng human placental DNA, 3.0 units exo~ klenow (United States
Biochemical, Cleveland, OH), 150 units HincIl (New England Biolabs, Beverly, MA); 1,000
copies of genomic Mycobacterium tuberculosis DNA and 100,000 copies of plasmid pMAv29
(prepared as described in Example 2). The reactions also contained the following primérs:
500 nM each SEQ ID NO:1 (8; in Fig. 1) and SEQ ID NO:2 (S,); 50 nM each SEQ ID
NO:20 (Ay) and SEQ ID NO:21 (A,) and 25 nM each SEQ ID NO:18 (B,), SEQ ID NO:17
(B,), SEQ ID NO:5 and SEQ ID NO:6. SEQ ID NO:5 and SEQ ID NO:6 served as bumper
primers for generation of the IS6110 target as previously described. Adapter primers (SEQ ID

NO:20 and SEQ ID NO:21) were withheld ﬁ'bm control reactions labeled "Adapter -" in Fig.
5. | |

All reaction components except HincIl and exo~ klenow were assembled and the

mixtures were heated to 95°C for two minutes and then placed in a 37°C water bath for 3-5



21 anplification of the 1S61 10 target sequence. The strong product bands
in the "Adapter-" lane indicates that the adapter sequences are not
Fequired for 1S6110 anplification, and correspondi ng product bands of
. nearly equal intensity in the "Adapter +" |ane show that the presence of
adapters does not significantly int®fere with 1S61 10 anplificati on.
In contrast, adapters are clearly required for anplification of the pMAv29
target sequence, as_shown by the presence of pMAv29-specific product bands
i n [ aneménytesadAfer pdditign of the enzymies, Hirglb and exotdldgnew, the)ampfificationemiiates at es
adapter-nedj ated amplification of the pMA29 target sequence with a pair
of anpl WF"C‘&P‘FQS‘FdegFQ Reoursst3di°G: Theamnlifgationgwas ermated %@fﬁzeatmgawséa@p fd 3
t aken t oget.he enonstrate successful co-anplification of the pMAv29 and
5 Gr i TaRES |

| S61 10 22
SEQUENCE LI STING (1) GENERAL | NFORVATI ON: (i) APPLI CANT: BECTON,
DI CKI NSON AND COVPANY (A) NAME: BECTON, DI CKI NSON AND COVPANY

(S'??ATETRELIJET: %ﬁ%?%%BWt@&?ﬁFﬂ@ rﬂgurés%exg L%ylg)ﬁr%? :ﬁ'xé %5%?@%Sof ampliﬁcé.tiox( D)
products by primer extension as previously described. A 5 pL aliquot of each sample was
mixed with (i) 10 uL of a solution containing 42.5 mM Tris-HCI (pH 8.0); 8.5 mM MgCl,; 0.2
mM each of dCTP, dGTP, dTTP, dATPaS; and (i) 3 uL of 32P-labeled detector probe stock
- solution (containing 0.66 UM 5'-32P-labeled probe, 16 mM Tris-HCL (pH 8.0), and 3.3 mM
MgCly). The detector probe for IS6110 target was SEQ ID NO:11, and the pMAv29-specific
probe was SEQ ID NO:19. The mixtures were assembled and heated in a 95°C water bath for
two minutes. After incubation in a 37°C water bath for 3-5 miriufes, 3 L of 0.34 units/uL
exo™ klenow was added to each mixture and the samples were incubated at 37°C for 15 min.

The extension reactions were stopped by addition of 30 puL of 50% urea in 0.5X TBE.

Samples were heated to 95°C for 2 minutes and 20 pLL aiiquots were analyzed by first
separating 32P-labeled products by denaturing gel electrophoresis on a 10% polyacrylamide gel |
followed by autoradiography of the gel as previously described. Fig. S shows the
autoradiogram of the gel. The bands marked 35 and 56 nt in lgnes 1 and 2 correspond to
extension of the IS6110-specific detector probe SEQ ID NO:11. The bands marked 51 and 72
nt in lanes 3 and 4 correspond to extension of the pMAv29-specific detector probe SEQ ID
NO:19. Lanes 1 and 3 are separate analyses of the same (adapter-containing) amplification
reaction, and la_nes 2 and 4 are separate analyses of the same (adapter-free) amplification

reaction.

The presence of strong IS6110-specific bands in both lanes 1 and 2 is expected, as both

the "Adapter +" and "Adapter - amplification reaction mixtures contained primers needed for



(ii) TITLE OF I NVENTI ON: Sinultaneous Anplification of Miltiple

Targets (iii) NUMBER OF SEQUENCES: 21 - (iv) COVPUTER READABLE FORM
¢A MEDI UM TYPE: Fl oppy di sk (B) COWPUTER: - | BM PC conpati bl e

(C) OPERATI NG SYSTEM PC- DOS/ Ms- DOS (D) SOFTWARE: Patentln Rel ease
#1.0, Version #1.25 (v) CURRENF APPLI CATI ON DATA: (A

APPLI CATI ON NUMBER: (B) FILING DATE: (2) | NFORMATI ON FOR SEQ

| D NG 1; 1 1 i | ST 3 . . [ ) b
pai s 1amphﬁcatlon-( bfz tll%@'i : rﬁ?gm\giﬁgﬂ?; 1§1e s%ng product F%Sds éﬁ‘ékl\l%ﬁ@g’s : 1§,gel nglsg
(D) TORGHiIck®S thaiahé adaggr %e_ﬁgﬁh&es SHQUENCE ERGRIET 11601 1ERPHBCNR AL and
TTGAAGTAAC CGACTATTGT TGACA \G ATCCCCT 37

(2) | NFEIRFOrAdgr6ISdGEDanBs MPnirly equal intdnisity BEBEHAEpHARAGIERIOS tabithe
(A) LENGTH: 37 base pairs (B) TYPE: nucleic acid (C

g‘gRANDE;DBEﬁEe ofsddagtees does not signific4rtly ifteffele@ak 19611 1@ amplification.

In contrast, adapters are clearly required for amplification of the pMAvV29 target
sequénce, as shown by the presence of pMAv29-specific proddct bands in lane 3 ("Adapter +")
but not in lane 4 ("Adapter -*). This demonstrates adapter-mediated amplification of the
.pPMAv29 target sequence with a pair of amplification primers specific for IS6110. In addition,
lanes 1 and 3 taken together demonstrate Quccessﬁtl co-amplification of the pMAv29 and

IS6110 target sequences.



* (xi) SEQUENCE DESCRI PTION: SEQ I.D NGO 2: TTGAATAGIC GGTTACTTGI TGACGGCGTA

CTCGACC 37. (2) | NFORMATI ON FOR SEQ | D NO 3:
(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 36 base pairs
" (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: | i near ~ (xi) SEQU DESCRI PTION: SEQ I D NO 3:  TTCTATAGTC
-GGTTACTTGT TGACGTCGOG TTGITC 36 (2)
| NFORMATI ON FOR SEQ | D NO 4: SEQUENCESEEXENGE CHARACTERI STI CS:
(A) LENGTH. 35 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: _si (D TOPOLOGY: |inear : (xi) SEQUENCE
DESCRI Pt} CRE %SWTPN TTCCATAGTC CCAATCTTGT TGACGCTCAC AGTTA
35 (2) | NFGRVAGPIINARER SECYOND INOKINSON AND COMPANSEQUENCE CHARACTERI STI CS:
(A) LENGTH 13 (h)a&\ml@al BECTON, DICKINSONBAND! ¥GWBanpucleic acid (©)
STRANDEDNESS: 5|n (E» TOPOLOGY: | i near (xi) SEQUENCE
DESCRI PTI ON: |SERRE?51 BHOARIEEEC AAC : |
13 (2) | NFORV @Tﬁgfngﬁk‘j‘t‘b%% (i) SEQUENCE CHARACTERI STI CS:

(E) COUNTRY: US
(F) ZIP: 07417

(ii) TITLE OF INVENTION: s:.multaneous Amplification of Multiple
Targets

(iii) NUMBER OF 'SEQUENCES: 21

(iv) COMPUTER READABLE FORM:
{A) MEDIUM TYPE: Floppy disk
(8) COMPUTER: IBM PC compatible
{C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

{v) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:

(2) INFORMATION FOR SEQ ID NO:1:

(i} SEQUENCE CHARACTERISTICS
(A) LENGTH: 37 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

TTGAAGTAAC CGACTATTGT TGACACTGAG ATCCCCT 37

(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS.
' (A) LENGTH: 37 base pairs , )
(B) TYPE: nucleic acid . ‘ -
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear



(A) LENGTH 13 base pairs (B) TYPE: nucleic acid (O

- STRANDEDNESS: singl e (D) TOPOLOGY: i near (xi) SEQUENCE
BESCRI PTION: SEQ I D NGO 6: CGCTGAACCG GAT
13 (2) | NFORVATI ON FOR SEQ | D NO 23 (i) SEQUENCE CHARACTERI STI CS:
(A LENGTH: 13 base pairs - I 24( D
(B) TYPE: nygleigeosic ( =DNESS: single
TOPOLOGY: | :(lne)ar ° D?iﬁp)“ﬁf&Eﬁ%%§ RCPTION. SEQ ID NQ'7:  CGGAATTACT
feee TTGRAATAGTC GGTTAC‘I‘I‘GT TGACGGCGTA CTCGACC 13 (2)37
| NFORVAT @%1& (1) SEQUENCE CHARACTERI STI CS:
(A LENGlﬁS(]\IILIZ ase pal lrélgés% 1D NO:3: (B) TYPE: nucleic acid . (O
STRANDEDNESSY1)s iSEQUENCE CHARACTERISDXcd:OPOLOGY: | i near (xi) SEQUENCE
DESCRI PTI ON: SEQ (AD DYSGEH : 3A@'<§EG=3€!@@ TATC :
14 (2) 1 NFORTIEN SRRCSTRIELF 19918,
(D) TOPOLOGY: linear
(xi) SEQUENCER DESCRIPTION: SEQ ID NO:3:
TTCTATAGTC GGTTACTTGT TGACGTCGCG TTGTTC 36

(2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 35 base pairs ~
(B) TYPE: nucleic acid

{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
TTCCATAGTC CCAATCTTGT TGACGCTCAC AGTTA 3s
(2) INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 base pairs
(B) TYPE: nucleic acid

{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
TGGACCCGCC AAC _ - 13
{(2) INFORMATION FCR SEQ ID NO:6:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 13 base pairs
{B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
CGCTGAACCG GAT : : : 13
(2) INFORMATION FOR SEQ ID NO:7:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 base pairs



(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH 26 base pairs

(‘B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)

TOPOLOGY: linear : (xi) SEQUENCE DESCRI PTION: SEQ I D NO 9: GGCGTACTCG

ACCACCCTCA CAGFTA 24 26 (2)

| NFORVATI ON FOR SEQ | D NG -10: (i) SEQUENCE ICHARACTE(I?I STI CS: 0
A) LENGTH 25 bgge b S : .3 (B) TYPE: nucleic aci

AR, s O et auclelc PBqEOPOLCGY: linear  © (xi) SEQUENCE
DESCRI PTI ON:  SEQRIDTRERIOEY: BhesCGTTGI TCACTGPAAT CCCCT

25 (2) | NFORMATION FOR SEQ I D NO 1I: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 15 base pairs. (B) . TYPE: nucleic acid . (O

STRANDEDNESS:i ) s SEQENCE DESCRIPTIOND)SEQCROMOEY; | i near (xi) SEQUENCE
DESCRI PTI ON:  SE GIG[C-)‘: NO | 1: 21§

CGITAT
(2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
AGTCTGCCCG TATC ' . 14
(2) INFORMAEION FOR SEQ ID NO:9:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
GGCGTACTCG ACCACGCTCA CAGTTA : 26
(2) INFORMATION FOR SEQ ID NO:10:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
GTCGCGTTGT TCACTGAGAT CCCCT _ 2s
(2) INFORMATION FOR SEQ ID NO:1l:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 base pairs
(B) TYPE: nucleic acid

{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1l:



(2) | NFORMATI ON FOR SEQ I D NO 12: (i) SEQUENCE CHARACTER! STI CS:

(AA) LENGTH. 13 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (xi) SEQUENCE
DESCRI PTI ON: SEQ I D NO 12: AAATCTLACG GCT

13 (2)- 1 NFORVATI ON FOR SEQ I D NO 13: (1) SEQUENCE CHARACTERISTICS
(A) LENGTH. 37 base pairs (B) TYPE: nucleic acid
STRANDESRERSCCRG (B3 (D) TOPOLOGY: |inear (xi) SEQEENCE
DESCRI P‘I{b PNnrSRRTBN NOr1880 189G RATAGT ACCTGTCTGT TGACACTGAG ATCCCCT

37 (2) | NFORMATI ON FOR SEQ I D NG 14: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: @Y gﬁacﬂéRACTERISTICS B) TYPE: nucleic acid (O
STRANDEDNESS: si [l BenoTa: 13 base OLOGY: | i near (xi) SEQUENCE
DESCRI PTI ON: SEQd) Dsﬂéna;gmsﬁqqﬁ, AGTA GGTAAGTTGT TGACACTTGT AAGAGCC

37 (2) | NFORVAT(CONTCROROSEQLEBeaNO, 15: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 29 base pairs (B) TYPE: nucleic acid ) (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near :

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
AAATCTCACG GCT 13
(2) INFORMATION FOR SEQ ID NO:13:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ﬁci) SEQUENCE DESCRIPTION: SEQ ID NO:13:
GCATTATAGT ACCTGTCTGT TGACACTGAG ATCCCCT T 37
{(2) INFORMATION FOR SEQ ID NO:14:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 base pairs
{B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1l4:
TTGAATAGTA GGTAAGTTGT TGACACTTGT AAGAGCC 37
(2) INFORMATION FOR SEQ ID NO:15:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1S:
GACACTGAGA TCCCCTTGCG AGTGGGAAC _ 29
' (2) INFORMATION FOR SEQ ID NO:16:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: gingle



(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 15: GACACTGAGA TCCCCTTGCG AGTGGGAAC
D

29 (2) | NFORMATI ON FOR SEQ I D NO 16: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 30 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: single . : 26 26

(D) TOPOLOGY: i near - (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 16:
GACACTTGTA AGAGCCAGGC GTACTCGACC 30
(2) | NFORVATI ON FRRTSEULAGD: NGnk#r (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 13 base pairs (B) TYPE: nucleic acid (O
STRARDEDNESS: si ngl e (D TOPOLOGY: |inear (xi) SEQUENCE
DESCRI PTI ON{xiSE€e¢URNSO: HESCRIFMQORCERBCID GoA16: _

13 (2) 1 NFORVATION FOR SEOQ | D NO. 18: (i) SEQUENCE CHARACTERI §'g| Cs:
(A) LENEHPCTSTRHLRPCHENGIE GTACTCGACC By TYPE: nucleic acid (C)

STRANDEDNESHiroriAfick FOr sEQ Ip NoRY7:.TOPOLOGY: |i near

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: limear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:
. TCCTCGGGCT CCA . 13
(2) INFORMATION FOR SEQ ID NO:18:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
- (D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:
TGGCCAAACT GTG 13
{(2) INFORMATION FOR SEQ ID NO:19:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:
CGCARGGTTT TTGGAG _ 16
(2) INFORMATION _FOR SEQ ID NO:20:
{i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 29 base pairs
{B) TYPE: nucleic acid

{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:
GACACTGAGA TCCCCTTGCG AGTGGGAAC . 29



(xi) SEQUENCE DESCRI PTION: SEQ I D NO 18: TGGCCAAACT GIG

13 (2) | NFORVATI ON FOR SEQ I D NO 19: (i) SEQUENCE CHARACTERI STI CS:
tA) LENGTH. 16 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D TOPOLOGY: |inear (xi) SEQUENCE
DESCRI PTI ON:  SEQ I D NO 19:© CGCAAGEAT T TTGGAG

16 (2) | NFORVATI ON FOR SEQ | D NO 20: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGEH: ridSRMASIONDAOR SEQ ID No:21: (B) TYPE: nucleic acid (O
STRANDEDNESS;, .si ngl e D) TOPOLOGY: |inear (xi) SEQUENCE
DESCRI PTI ON: ‘%Eéf%ﬁmgﬁt“gs AEAEIRSAGA TCOOCTTGCG AGTGGGAAC .

29 (B) TYPE: nucleic acid 27 (2) INFORMATI ON FOR SEQ I D
NO: 21: (i) (SECUENGEDSEFRACTEIUeSTI CS: (A) LENGTH. 29 base
pairs () TPREEOGYH kdneae aci d

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:
GACGGCGTAC TCGACCACTT GTAAGAGCC 29



"(C) STRANDEDNESS: singl e (D) TOPOLOGY: |inear (xi)
SEQUENCE DESCRI PTI ON' _SEQ 1D N0 21:  GACGGOGTAC TCGACCACTT GTAAGAGCC
29, 28  CLAIMS 1,

A met hod_f ously anplifying two target nucleic acid sequences by
Stran ﬁm mﬁ'm l'ification (SDA) conpri sing: a) hybridi zing a
fi rst on primer to the 3CL§@ﬁgof a first target sequence, the
first arrpl ification prinmer conprising a3 target binding sequence and a 5'
recognition site for a restriction enzynme capabl e -of nicking one strand of
a doubl e stranded hem nodified recognition site for the enzynme, extending
the first anplification primer with polynerase to forma first extension
product conplenentary to the first target sequence, and displacing the
first extenki on Progthod: for simblfaneoudly amiplifyigntwe thiges nueldiapacid sequeness b
the first extension product at the 3' end of the conplenent of the first
target s&GwahBisplagemest Anplifieationk8DA) eompadiegst er priner conprising a

target binding secLuen(;e capabl e of hybridizing to the first extension _.
product and® he f@h@“&)ﬂ firgt panplifigation paimsr do t&?r@ﬁi af @ first trass SeqHenes, me

identical.to a3 et bi ndi.n uenc f a second ,a I|f|cat|0n rimer
capabl o GrSHAPBIPERT S SaNPESgRa X HrEfe binding pemio and & g)recoS ARG E t ho

(1730, Scaptgi Bt LB AR TRLERS L (005, P TR B AL henBBEE
recognition site for the enzyme, extending the first amplification primer with polymerase to
form a first extension product complementary to the first target sequence, and displacing the
first extension product;

b) hybridizing a first adapter primer to the first extension product at the 3' end of the
complement of the first target sequence, the 3' end of the first adapter primer comprising a
target binding sequence capable of hybridizing to the first extension product and the 5' end of
the first adapter primer being substantially identical to a 3' target binding sequence of a second
amplification primer capable of hybridizing to a second target sequence; |

c) extending the first adapter primer with polymerase to form a second extension
product and displécing the second extension product;

d) . hybridizing the second amplification primer to the 3' end of the second target
sequence, the second amplification primer comprising the 3' target binding sequence and a §'
recognition site for a restriction enzyme capable of nicking one strand of a double stranded
hemimodified recognition site for the enzyme, extending the second amplification primer with
polymerase to form a third extension product complementary to the second target sequence,
and displaéing the third extension product; | |

e) hybridizing a second adapter primer to the third extension product at the 3' end of
the complement of the second target sequence, the 3' end of the second adapter primer
comprising a target binding sequence capable of hybridizing to the third extension product and
the 5' end of the second adapter primer being substantially identical to the target binding

sequence of the first amplification primer;



d) WCOM anplification primer to the 3' end of the
second target sequéenc the second anplification primer conprising the 3'
targg’u umﬂulﬂu e and a 5 recognition site for a restriction enzyne
capa m, mﬁ strand of a doubl ggstranded hemni nodified

recognl ti‘on‘si%e Tor the enzyme, extending the second anplification prinmer
with polynmerase to forma third extension product conplementary to the
second target sequence, and displacing the third extension product;

e) hybridi zing a second adapter prinmer to the third extension product at

the 3" end o the conpl enent of the second target sequence, the 3' .end of
t he second aéapt efxt ﬁ?‘{?ﬁa € SS6oRst adapkRg Paimes wyth p%mmap@t% farmen deurthapetbisiono

d d d the 5 d of th ond
Dont o~ oifodus i ditpladite ﬁs?ﬁ&?@i%&e&é@m“rﬁ uft 8%: t ho target bindi ﬁgsec
he f I fi i.ng
SR e e, LimhadbRu R R SRl 4 St eRERa PR ES
pr oduct ara@acﬁbﬁe ng,r&u@%;mdf Q&Hntdharrﬁfcfilh g; e{rgduct and; 9)

si mul t aneously a he seco extension products in an
SDA reaction using the first and second anpllflcatlon prinmers. 2.
The met hod according. to Caim1l wherein the first, second, third and fourth

ext ensi on prpductFhehiktilidS RéRe@Rs BY EhineNS Whereftf t}@lm%?rsd%hdm{m and fouith
The nethod of Caim1 further corrprlsmg the steps of:

extension products are displaced by extension of bumper primers.

3. The method of Claim 1 further comprising the steps of:

a) hybridizing the first adapter primer to the 3' end of a second strand of the Erst
farget sequence, extending the first adapter primer to form a fifth extension product
complementary to the second strand of the first target sequence, and displacing the fifth
extension product; o

b) hybridizing the first amplification primer to the fifth extension product at the 3' end
of the complement of the second strand of the first target sequence, extending the first
amplification primer with polymerase to form a seventh extension product, and displacing the

~ seventh extension product;

c) hybridizing the second adapter primer to the 3' end of a second strand of the
second target sequence, extending the second adapter primer to form a sixth extension
product éomplementary to the second strand of the second target sequence, and displacing the
sixth extension product

d) hybridizing the second amphﬁcatlon primer to the sixth extension product at the 3'
end of the complement of the second strand of the second target sequence, extending the
second ampliﬁcation primer with polymerase to form an eighth extension product, and
displacing the eighth extension producf, and;

e) simultaneously amplifying the seventh and eighth extension products m the SDA

reaction using the first and second amplification primers.



a) hybridi zing the first adapter priner to the 3 end of a second strand
of the first target sequence, extending the first adapter priner to forma
fifth extension—product conplenentary to the second strand of the first

tar geﬂ"m .+aad displacing the fifth extension product; b)

hybr i mgm!”ﬁﬂ I anplification prigger to the fifth extension product

at the 3' end wn Ofg conpl enent of the second strand of the first target
sequence, extending the first anplification priner with polynerase to form
a seventh extension product, and displacing the seventh extension product;
C) hybridi zi ng the second adapter prinmer to the 3' end of a second
strand of the second target sequence, extending the second adapter priner

to forma sigxth exiemoddor sinuRsheshsly Qg@?iﬁg@{}%g&%léﬁrg%{'ﬁua%%@ﬂ s%gggggsc @}

t he second target sequence, and di spl si xt™h ext ensi on

d) 'hytﬂtfﬁlﬁﬂiﬁgﬂadeh&nﬁmmca&iﬁﬁ|(SDA9@6ﬂn9Hsiﬁ%:i mer to the sixth extension
product at the 3' end of the conplenent of the second strand of the second -
target sequehce, hybtidizing adirstradaptecprimer ®Mhki3f endibf €ith RirgBEsequbide, el erd ase
to forman eighth extension product, and displacing the eighth extension
product, ofith adapter gyimer cempnidinga tanges [bjndingpetjhigrica gagable ofdiybridibingnel tie tgfdieh
extension products in the SDA reaction using the first and second

anpl i fi caefepncpprndrihes!’ end of the adapter primer compriging a firstadaptérogqhence;

simul taneoug]ly anplifying nultiple target nucleic acid sequences by
Strand Di spﬁbcenéﬁ@ndmltgﬁf figsh adenten pmmgr ¥appalymergse to produce g) first extension

hybridi zing,a first adapter primer he 3' end of each target sequence,
tK e 3 eergdUCt for each tal%et secﬁxence whgc?l }s complementary to each targgt sequer?ce and

displacing the first extension products;

c) hybridizing a second adapter primer to the first extension product of each target
sequence at the 3' end of the complement of each target sequence, the 3' end of the second
adapter primer comprising a target binding sequence capable of hybridizing to the first
extehsion product and the 5' end of the second adapter primer comprising a second adapter
sequence; | |

d) extending the second adapter primer with polymerase to produce a second
extension product for each target sequence, displacing the second extension products, ahd;

e) simultaneously amplifying the second extension products of the target sequences in
an SDA reaction usiné amplification primers comprising 3' target binding sequences which are
substantially identical t6 the ﬁrst.and sécond adapter sequences and 5' recognition sites for a
restriction enzyme capable of nicking one strand of a hemimodified double stranded

recognition site for the enzyme.

5. The method according to Claim 4 wherein the first and second adapter sequences
- are substantially identical and the second extension product of each target sequence is

amplified using a single amplification primer.



of thgﬁWri sing a target binding sequence capabl e of

hybri dirzing to the target sequence and the 5 end of the adapter priner
conpri $j ‘mm““mmliﬂﬂ er sequence; b) extending the first
adapt ea\m S pgfymerase to pr oduce a first extension product for
-each targett séqu%n_ce which is conplenentary to each target sequence and

di splacing the first extension product St c) hybri di zing a second

adapter priner to the first extension product of each target seqguence
at the 3' end of the conplenent of each target sequence, the 3' end of the

second agsapt erTiRy ;mBibd %Qgﬁ}gi)? 818t 2 Wxgteirf) {Héﬁha-g%@esgggﬁgdaﬁfg f‘sﬁit?egg%so nd

hybridi zing to the first ensi on produc

adapt er paidRdt suBSRAtiallyderRicRleaf theadBREExtensitEPARANGEOE each target Lequence. is
extending the second adapter priner with polynerase to pro ucega second

ext ensi onamplifisdatsidgtd paiestamplifideios HiHES Cohe MY 3¢ kﬂ%a‘iﬂ?&vﬁ%@ﬁ?}g& ’Birﬁﬂ? on
e in i on

products, and; ) si mul taneously anmplify the sécond™ exten

products eéquehe substgetially édpneiosles the'first adapter SEhehenrd 108 ottfer RgenEP oF fHeCgld ON
“primers conprising 3' target binding sequences which are substantial ly

i dent i cal heang atargétibindingstqeemesdbsatailipidentimlionhe secvnd aBaptereszqgeticei on
sites for a restriction enzyne capabl e of nicking one strand of a

hem nodi fi ed doubl e stranded recognition site for the enzyne.

5. The met hod according to Caim4 wherein the first and second adapter
sequences lare ﬂms@ﬁfiiaawrﬁmgdemnym of{elaimseS g6 oviterein tthe) Sirss rang rsockonck

of each target seqyence i l'ified ugsing a single anplification
primer : extension pr%ﬁucts are cﬁsplaceg rg? extens?lon ots burr?per primexgs. - rrp31 6. The

met hod according to Claim4 wherein the first and second adapter sequences
are not substantially identical and the second extension product of each

merber of ThS. pai T o RPHERT Ol B cofPRsng MR T, O

menber of theé pair having a tially

i dentical toyt he HybFidzind 480 [s8LomiCAHABRE Drititd tbNhe 3t BRI oF B RESnd iriiPoP Bidh

‘target sequence, extending the second adapter primer to form a third extension product
complemegtary to the _second strand of each target sequence, and displacing the third
extension product;

b) hybridizing the first adapter primer to the third extension product of each target
sequence at the 3' end of the complement of each target sequence, extending the first adapter
primer to form a fourth extension product, and displacing the fourth extension product, and;

c) simultaneously amplifying the fourth extension products of the target sequences in

the SDA reaction using the amplification primers.

9. A method for simultaneously amplifying two target nucleic acid sequences in a
primer extension amplification reaction comprising:
a) hybridizing a first amplification primer to the 3' end of a first target sequet;ce, the
first amplification primer comprising a 3' target binding sequence, extending the ﬁrét
amplification primer with polymérase to form a first extension pfoduct complementary to the

first target sequence, and displacing the first extension product;



havi ng a target binding sequence substantially identical to the second
adapter sequence. 7. The met hod according to any one of Clains 5 or
:6 wherein the first and Second extension products are displaced by

ext ens jjer s. - 8. The met hod according to Claim4
furt h_e”mllﬂullm"ﬁﬂ"tmu,swps of : a2  hybridizing the second adapter
primer to %hé 3™ efd bf a second strand of each target sequence, extending
the second adapter prinmer to forma third extension product conplenentary

to the second strand of each target sequence, and displacing the third
ext ensi on pyoduc

b e . D bridi. zi he first adapt [mgr to t
third exten® on b)"&ﬂ!&‘f‘g %ﬁfﬁéggptg'g?‘léél?fnt%s‘gﬁgé‘ﬁlﬁ’g‘%ﬁ?&! gg’dgét %&bemg][e“fiolﬂ; J‘]ee
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duct, T ' L\ i favi t he f '
br oduct s B binding ShareneEbablhis B FHTCnE REIgs thul i B R 'S eRE of
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fop. 1 ar gane Bl BAAOTE imer being slbtandafly AR £5 GlgH bhERE UKoUY e
i St . ficati , N
the 5 eraRpeAi Kimer capil of I 6 s ochd hight slBhce: oion primer
conprising @) 3" frfefihg thé dirdhdap@HPHaRr vAM PO BE fbin Bt secantDlekdehsiad i on
primer with polynerase to forma first extension product conplenmentary to

the fir sirodwtgad depRuing tits scanitl ektaploagroduct;he first extension product;
- 32

d) hybridizing the 3' target binding sequence of second ampliﬁcatibn primer to the 3'
end of the second target sequence, extending the second amplification primer with polymerase
to form a third extension product complementary to the second target sequence, and
displacing the third extension product;

e) hybridizing a second adapter primer to the third extension product at the 3' end of
the complement of thel second target sequence, the 3' end of the second adapter primer
comprising a target binding sequence capable of hybridizing to the third extension product and
the 5' end of the second adapter primer being substantially identical to the target binding
sequence of the first amplification primer;

f) extending the second adapter primer with polymerase to form # fourth extension
product and displacing the fourth extension product, and;

g) simultaneously amplifying the second and fourth extension product_s. in a primer

extension amplification reaction using the first and second amplification primers.

10. A method for simultaneously amplifying rriultiple target nucleic acid sequences in a
primer extension amplification reaction comprising:

a) hybridizing a first adapter primer to the 3' end of each target sequence, the 3' end
of the adapter primer comprising a target binding sequence capable of hybridizing to the target

sequence and the 5' end of the adaptef primer comprising a first adapter sequence;



b) hybridizing a first adapter primer to the first extension product at
the 3' end of the conpl enent of the first target sequence, the 3' end of
the first—adapter priner conprising a target bindi ng sequence capabl e of
hybri di 7} ' ext ensi on product and the 5 end of the first
adapt erﬂlllmﬂlmllmwluﬂ"st antially idesgical to a 3' target binding
sequence *of ¢a secbnd® * anplification prinmer capable of hybridizing to a
second target sequence; c) extending the first adapter priner
with polynerase to forma second extension product and displ acing the
second extegsi on tei . i Qi the 3 . tar bi pdi.n
sequence of 'BZecor? ' eg%{gitP? géitiagﬁp%% iprl}lg}ep%(;g{l-{ ﬂ%@@g&sé t%-rgao%cht%gsgeeégeg\ao

target segu@nsefor etk Ndigee sE%l%nﬁ@ GRHich %’Ebh}iggghétag;ﬂ ttﬁ da0F rtar‘#g{ Fe%?ﬁﬁ@s €

to forma third extension product conplenen e seco arg
e

sequence, diggMting theifisstlereension phRiuLfl rd ext ension product; )
hybri di zing a second adapter prinmer to the third extension product at the

3" end of ¢)the hgbriditieganieceid adwterqriang tb ahe fist SRRUSOE 9rodu|&€o§'ea&lnﬁr%ft
t he second adapter priner conprising a target binding sequence capabl e
of hybri dieguenge tab theh?® enliiafdhexomplement of exthairganskquende) eheS3' ead dfake sdvend
second adapter prinmer being substantially identical to the target binding
sequence askaptehrinerscomprisingf actarged rbipdingrsequence capable of hybridieingi tog thehéirst
second adapter priner with polynerase to forma fourth extension

product adrengioaraductgnd he Hoend: of hirtseennidadapiep atimer cemprising a secong) adapter
simul taneously anplifying the second and fourth extension products in a
priner  SCA¥CEnsi on anplification reaction using the first and second
anplificati prinme
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a primer extension amplification reaction using amplification primers comprising 3' target

binding sequences which are substantially identical to the first and second adapter sequences.
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sequence and the 5 end of the adapter primer conprising a first adapter
.sequence; 33 b) extending the first adapter prinmer with
pol ymerase to produce a first extension product for each target sequence
which is conpl émentary to each target34sequence and displacing the first
ext ensi on products; c) hybri di zing a second adapter prinmer to the
first extension product of each target sequence at the 3' end of the
conpl enent of ~each target sequence,ag§gracend of the second adapter
primer conprising a taroet bi ndi ng sequence capabl e of hybridizing to the
first extensi oRt¥HIHLANEQUSAMPLIFIOATION 04 SR LR INRGEAS mer
conprising a second adapter sequence; d) extendlng t he second
adapt er pri miethpdsifop oiutiplexaanpli atioroolfitarget ns@eiondd sequennesi usingoa single paif or
each target, sequence di spl aci ng the second extension products and;
siofBrimarie Refingd spawendey iarranpeadesdo dhetensistof muiltéple targat sequencds asiperttofir get
sequences I n rimer extension anplification reaction using lification
pri mer s tR&3pRL ;ﬂfc,a epactiof} gpcthat gy #GPsn’Q addigign te eglpma@nnareeresumd g‘Eh# trgey

i denti cal tothe.flrst an adapter sequ
sequences with the append%d ﬁnergi sequenrc):es neea ncc])t e 1sofated prior to amplification. In

one embodiment for coamplification of two target sequences, a sequence corresponding to a
terminal segment of the first target sequence is appended to one end of the second target
. se.quence and a sequence corresponding to a terminal segment of the second target sequence is
appended to one end of the first target sequence. Amplification of the two targets then
requires only a single pair of primers. Alternatively, a single defined sequence may be
appended to the 5' and 3' ends of any number of selected targets. All such modified target

sequences may then be amplified using a single pair of primers which hybridize to the defined

end-sequences.

(Fig. 1}.



