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- METHOD FOR COAMPLI FI CATI ON OF TWO DI FFERENT NUCLEI C ACI D
SEQUENCES . USI NG POLYMERASE CHAI N REACTION 5
This invention relates to very rapid preferential anplification of two
or nore nucleic acid sequences, whereby a target nucleic acid sequence

IS readily ‘anplified ﬁﬁgﬂgﬁt?5§EQW%ﬂLJ§‘@Hﬂbkfication of nont ar get
nucl ei ¢ aci d. sequences i s suppressed. The" Q- anplification technique used
is polymerase chain OF rE¥et PERFERERY NCCLEIC ACID SEQURN@FE acid probe

t echnol ogy has devel oped vusik@pbPOlLyrd-RALECEHATY ERESCcBBoN esear chers have

di scovered its value for detection of various diseases, organisns 15

or genetic features which are present in small quantities in a human or
animal test sanple. The Dses inveftpoobeslasebasedveppnrdbed concept of

conpl enmentarit DINA, ha - ou toget her b dr ogen .bonds
bet ween conplé%%%%%f? nucpeg?#£g§§%éﬁpgﬁ gfepgfsggkﬁ%g% %Cyéécnggfgotide
pairs). sequencesThehBNabroaApkexges nocheityasidbsequentet he

strands can be t . dan r opdi § Lo e i Srupt
The hydr ogen boriing’ ThB rolcacad: cotestalrafetpolielisiparEl B TE
only with anotReRrt2rgest paRdeRgyPRGIaSEERERERENL &r §UBRHEEREE - of The

nucl eotida® ampl7bisabybhi dezahieneplieeasssCaB1omeRasW LRabat h strands
being in solution or with one of the strands being attached to a solid
substr at e. reaction (PCR)targeted nucleic acid sequence in an 30

organi smor cell may be @mic)edcvery dsmalobepareichanleby has Beeeadieie DNA

nol ecul e so that it is.¥Fr diffic%It to res ergct %ts presence usjng
most | abel ed DRAPPPONed: CenQ, ir Y Es 8ar EFSRAS HEER CAVE 83 SeRVeEE% i nd
ways to its value for detection of various diseases, organisms

15 or genetic features which are present in small
guantities in a human or animal test sample. The use
of probes is based upon the concept of complementarity.
DNA has two strands bound together by hydrogen bonds
between complementary nucleotides (which are also known

20 as nucleotide pairs). )

The DNA comblex is normally stable, but the
strands can be separated (or denatured) by conditions
which disrupt the hydrogen bonding. The released
single strands will reassociate only with another

25. strand having a complementary sequence of nucleotides.
This hybridization process can occur with both strands
being in solution or with one of the strands being
attached to a solid substrate.

A targeted nucleic acid sequence in an

30 organism or cell may be only a very small portion of
the entire DNA molecule so that it is very difficult to
detect its presence using most labeled DNA probes.
Much research has been carried out to find ways to

detect only a few molecules of a targeted nucleic acid.



detect only a few nol ecul es of a targeted nucl eic acid.

-2 - PCR is a significant advance in the art to al | ow
detection of very small concentrations of a targeted nucleic acid. The
detail's of PCR are described, for exanple, in US-A-4,683,195 US-A- 5
4,683, 202 and US-A-4, 965,188 and by Mullis et el, Met hods of Enzynol ogy
155 pp. 335-350, 1987. PCR is a ~—9'1"{9’ea§p4tq,£{€m¥ﬂordacﬁ'“aﬁ1cﬁfr?amid use of

PCRin a Maldetye0dc b Ok 09 cad ~ansh i panastd o fdeldlss dhefe are
still limtations mhlch nust be overcone to achi eve the 10 optimum success

of the techndidgigeted rucleic aciqyphPerdehtk PRPSpeti®rens contain many
di fferent nucdederaseds, £ spnexahp W chnawse-.vendp@@mpms us{®+ natural) to

t he persop or i and .ot hers a pr ed because of sone
abnor nal gond?$€%ﬂ?%%%c% ﬁSagaé r%%$th%8p?%§§b ﬁ%ﬁféﬁ ?%f%@tlous agent
(for exaﬂﬁ#ebodSraé Ebazmeﬁpayoliﬁaragité)5035®n bP8Dgeni c
condition. It is these ; ggﬂgggr BPSES'Qnécfgﬁééhéée of BEE Qgtgn

desirable to detect to see i e causative ani sm or agent
present. Usuav@yiere aficbépéogdcedcpad disaenpated hiehdpnf éb@r@uéragents or

oncogenic - ¢0Ndith@B&LABASPIASERAt muBLT Bhabl¥ek¥mkbOWoCRRRERLEAL AN,
and yet there is,a desire to d%te%t theg1ﬁé t hat concentration so as
to providd ea?P?lﬂPﬁgﬁB§F§S§n8 tPERPRERPY - Such nucl eic acids are often

ref grred to as 25 |0\/\th1@@¥1 BeBes mgenesA @be hQanoabn@almefnaaycl eic
aci ds"

conpari s t he nu cids nornal

present in a ﬁ&ﬁﬁﬁrSPtaﬁl Flﬁeﬁﬁd%ﬁesﬁgaeap %ﬁ&ﬁ are eﬁpggéﬁqun

rel atively hi gbrcaacamtnat itonsheSpelrsdd wuckeiinadci dadae hekisemhieherred to

as "hi gh COpyare produced because of some abnormal condition, such

15 as from the presence of an infectious agent (for
example, virus, bacteria or parasite) or an oncogenic
condition. It is these "unnatural" nucleic acids that
are often desirable to detect to see if the causative
organism or agent 1s present. Usually the nucleic

20 acids associated with infectious agents or oncogenic
conditions are present in relatively low concentration,
and yet there is a desire to detect them at that

concentration so as to provide early diagnosis and

treatment. Such nucleic acids are often referred to as
25 "low copy number genes" or "low copy number nucleic
acids”.

By comparison, the nucleic acids normally
present in a human or animal being tested are often
present in relatively high concentrations. Such

30 nucleic acids are often referred to as "high copy
number genes" or "high copy number nucleic acids". One
such example is human B-globin DNA.

Frequently, in using PCR, two or more nucleic
acids present in a specimen are amplified at the same

35 time in the same reaction container (identified herein



nunber genes" or "high copy nunber nucleic acids". One such exarfpl eis

human [err]-gl obi n DNA Frequently, in using PCR, two or
nore nucl ei c acids present in a specinmen are anplified at the same 35
time in the same reaction container (idewified herein as
“coanplificat] on" i f4 catl on e,q\u,l res that priners for each
nucl ei ¢ aci d %% C)Oa"‘r%qloaf;mce st be cdé SR ‘taa“n‘eoous reessentt%ﬁh t he

cont ai ner. Atpruhmmmcfcm‘ each trhec vt |&¢I¥étu®m@r®wslsﬁl%d Imwft thee nucl ei ¢

acids 5 have Egﬁ&;ﬁ Al LD conecent r
General ly speajkl ng, %O@F%J%I e|%rligt\'(,:‘flesécp’l %In ngg%i gﬂ’lly r|lve %I gh
si gnal s aft ertTRCRmmLA 1%@Wl®%yproce%§soalbw%f the Rughaie amieh woul d

ot herw sesbe nave qm@éf@gnér@%jmuapa@f@mmflﬁ h@oxk@%epwlaﬂcl eic 10
t

acids in the sanme specinen €. 519 al fromthe ogy nucl ei ¢
acid may be obscured orC8REF? SPBaking gep &gl C?%Ys%“ﬁ%ﬁh?l9%l? sults
woul d be Ilkehyllamdtlonly gﬂaayhnghtamgeslssueheﬁspcn t bec dehegt ingh of

HI V-1 res t|n rom oncaqgenic,conditions hIS woul d 15
have serl ous %g?f%[)gﬁ‘@%e ?ggrwﬁoggn‘g%é@e Ehsfw 58sP§nal of the Iow
copy nucl ei ¢ abtains&i Fren ampiliérhsat1onha<ﬁethacileasedpyhaucdmient rations

of 2l Hebat 4ahas ol EAA°BLrkeXBLBi Bl {hALSI0BRNGS cabRYS Ergase

anplification éfficienc I NnCreases assa €ner a
the high copylewctebe accdem@gldt may b@opbsgufrfedc@lrt di.6 £a cadpl |tf0y Iow

copy nucleic ggids, F'z:ﬁ's@gn@d Ilp,Leer@rsuI%rs %tuad be likel

t here has been a serious need th rt a way t gan|F§ Iom/copy
nucl ei c aC|dsmBﬁYthéSE§nC§ﬁeséN§@ @ﬁ ngﬁh@oﬁﬁtﬁﬁépémcCécﬁﬁ§‘ﬂn£§@th a way
t hat bot BrapRaede¥ l1® 19 FlomARMh Hed 1Y @RS tafons, this would

15 have serious consequences. In order to increase the
signal of the low copy nucleic acid, skilled artisans
have increased the concentrations of amplification
reagent levels, but that does not always increase
amplification efficiency. It also increases assay

20 costs. In general, the high copy nucleic acid makes it
more difficult to coamplify low copy nucleic acids
using multiple primer sets.

Thus, there has been a serious need in the
art for a way to amplify low copy nucleic acids in the

25 presence of high copy nucleic acids in such a way that
both are easy to detect and give signals of
approximately equal magnitude.

One way of addressing this problem has been
to vary the primer ratios so that the signal for a

30 target low copy nucleic acid becomes comparable to that
of the high copy nucleic acid. This has been referred
to in the art as "primer biasing" the PCR yield, and
requires a decrease in the concentration of primers for
the high copy nucleic acid. The problem with this



approxi mately equal magnitude. One way of addressing this
pr obl em has been to vary the prinmer ratios so that the signal for a 30
target | ow copy nucl eic acid beconmes conparable to that of the hi gh
copy nucleic acid. This has been refertéed to irn the art as "priner

bi asi ng” the PCR vield, nd r iJ&s 8. decrease in td e Lratlon
of priners f8P°F b %t e %‘lg v coélp;y ﬁﬂ% eic aéi'cef%‘T%e pro‘blvgﬁ %Q{?;% o

-4- appr aachcing etfeat. only nodest control of the PCR process is
achi eved. whMELRCR d S il aspd orornaaqﬁta@éoecssa%&cgoed

however, by using IOM/anDunts of prinmers for_a hjigh opy number nucl eic
aci d, the arrﬁillolwfel\f(%;tl Gty efFing ey amountay Q%é%rlrﬂﬁﬂ%l@raé’l g | ower ed

during th £ ReRer ni¥PEESSaciid) Stig@ramel 1 O ovi s dest T @l eeysi nce
successfu qgg!flcatlon reqU|res t hat ta%g $ ucleic acj ds éof any
copy nunber) FiRG eI h 3Rk 115 stod PO cYRE VL1 FREFRi | ure of

the nucleic dtéé%lx&ThlsrcmmlBatnﬂghnythmaescrableatlﬁ@éIy cycles often
| eads to mhat is_referr ] " a ailure to
obtain anpl i fTEEHTHIHD ?%%f % gIC ac?éUlkégeEE%pt akéﬁg ?uClé :

rsSpresent in
t he speci nen aaid®l &b f vahy ¢6pyhngmbeéhcbﬁtdapibﬁétedThusthehéLeSts a need

for greatgr tey &8@&9&8& P%ghaalﬁagebsfol%@l H@E!IQXCVQEXBnQ?tB@

prinmer |&vels E proach to coa i cati on has
been to a@@hscam@ ﬂ-@nﬁbpé?uﬁéléﬁ-céﬂméér MgCVﬁlP@R°§Géﬁ tRrads20 the

primers for ths Dhgk §9p¥e@!é9|r%k10t%0b§ anmgakfatea, thatskewar rate than do
those for the Tow copy nucleic acid. This usually neans annealing at a

t enper at ur e fallgrﬁghPlQbéﬁé@eaﬁﬁélfﬁgﬁFPo@fOﬁhéhﬁﬁlﬁ#F&ePSraFﬁé hi gh copy

even though it is present in the specimen in relatively

15  high concentrations. Thus, there is a need for greater
control of PCR than can be obtained by varying the
primer levels alone. '

Another approach to coamplification has been
to adjust the temperature of annealing in PCR such that
.20 the primers for the high copy nucleic acid anneal at a
slower rate than do those fof the low copy nucleic
acid. This usually means annealing at a temperature
slightly above the Ty of the primers for the high copy
nucleic acid. '

25 This approach has a problem also. The Ty
difference between primer pairs must be relatively
large before good modulation (or 'biasing") or PCR can
be exerted on the differential yields for the high and
low copy nucleic acids.

30 Exact Tp's for primers cannot be calculated
(although they -can be estimated), and thus they must be
measured. Most workers in the art do not go to this
degree of effort, and instead proceed empirically,
thereby modifying the annealing temperature in PCR

35 until they obtain the desired result. This is tedious



nucleic acid. 25 Thi s approach has a problemalso. The Tm

di fference between prinmer pairs nust be relatively | ar ge before good
nodul ation (or "biasing”) or PCR can be exerted on the differenti al
yields for the high and | ow copy nocl ei ¢ acids. 30 Exact
Tlerr]'s forapdiaepsnsinaot beusal euhatedstiil egabt boegh they-can be

esti mat ed), . Lhey nus nmeasure _workers in the art
do not go td§?%“£fl‘ he qugélgf ef?or?esaﬁﬂe?hiteégeﬁ¥§bgéayehﬁiricaIIy,

t her eby nodi fiaginge ahﬁanBngmtwhpeanuPéplprEEE@dQSngbkbuEmyy obtain
the desired ggesult, Jﬂés%kﬁngﬁg'@yém amPﬁﬁEwed Qv and high n

- 5- and expensive need st BoBHBEPEFeati on
whi ch prvi deS1gF eG@Br PRI ERPBILLYt §CPHSted. "b|a5|ng" the syst em wher eby PCP

proceeds vigorously, 1t @aqlmebetH@s&kaBQEScBr9€h§€9E'B&gﬁ Law and high
nucleic 5 acids can_be readily adjusted Id be

desirabl e toaﬁEﬁFéGglﬁléﬁgﬁﬁés foryat fergsle LoWwgRapry ﬂ@ﬁlslﬁaageﬁ | ow copy

nucl ei ¢ aci din thenptbeepresercea @baﬁpoQ&mébl Bh%@h Ebgk} SORY Rl g acid
wi t hout the ﬁégglens ot ed gﬁﬁ e for 5 @p %6 i fication nmethods.

An i nproved BHEf 5Pt k& CRmpTSt PEAE ot 8Ve fort O™ more nucl ei ¢ aci ds
wher eby ltthe cehapﬂ&éiybeﬁ@m methoidsanpl i fi ed products are regul at ed
conprises the steps

a sus ect ed of
cont ai ni ng two or erI‘ emﬁ%vgldcmae& g f % }tg%gtamgﬁ‘é‘%p&fc ftS .
identified aswa Rirghog@yuckejet am}GiSememahy whiec rdlative suisfers ed of
bei ng presentrabpylgtiaR 6?;‘6&{;&'59*&% regﬁ%’l“e@ﬁo@r&dﬁ%éé‘%é Cl\;ﬁcé o COpy

nucl ei ¢ aci ds suspected 2 of bei ng present st one
| ow copy of:

15 A. heating a sample suspected of containing two
or more nucleic acids, at least one of which is
identified as a high copy target nucleic acid which is
suspected of being present at substantially higher
concentration than the low copy nucleic acids suspected

20 of being present, at least one of which is a low copy
target nucleic acid,

the heating being carried out at a first
temperature of from 85 to 100°C for from 1 to 40
seconds to denature the strands of the high copy and

25 low copy target nucleic acids,

B. priming the denatured strands with a set of
primers specific to and hybridizable with opposing
strands of the low copy and high copy target nucleic
acids to be amplified, by cooling to a second

30 temperature, Tp, which is defined as:

(T, -15)°C £ Ty £ (Tg, + 5)°C
wherein Tpy, is the melting temperature of the primers
for the low copy target nucleic acid, over a time
period of from 5 to 20 seconds,



target nucleic acid, the heating being carried out at a first

tenperature of from85 to 100[err]C for from1l to 40 seconds to
denature the strands of the high copy and 25 |ow copy target nucleic

aci ds, B. primng the denaturfd strands with a set of

primers specific te)and diphisil zabie W d:l HRPOSI NG 5o StkARGs of the |ow
copy and high copy target nucleic acids to be anplified, by cooling to

a second 30 PERFEHURE, T[err], which is defined as:
(T[T[ er ]r] - 1?)h[ er r} tC [er { 11T era{ ]trﬁ@mdstt(héﬁm roNz+ @l[ﬁf‘f—:fx:]la@e tphreéféé?ftr gl
err] is the melting tenperature o ri s . 0 e J ow copy
target nucleic acid, oveafrgpaa’??%t © atp:]r%)%%tng “frf’otrﬁ/Slotog l”Zlo%éeconds,
- 6- 5 0O form replstinem, exd@nsi on products in the presence of
L) 2 thermostable DNApol Vitgs ase LS okl bonuct eor ide- S0 ATOUNL Of
f] 0 Sorut

at least 5 units/ 100 [err ( on, an
2) two or nore deoxyritorekPepades Spresent in amounts tef phosphat es

present in amounts effeciivepna pol i zatib@r DNA pol yneri zation
t he products being fornmed by inc%%é¥?%ﬁl%%rll " from1l to 80 seconds at a

third temperature, T3, whpehprodurgsdeeingdfasmed by incubation fqferr] -

15)[err] Ciberrfrdherrdo[goretdhasr ht+talbhfeari&mperature, T%,h.ewl'iiiélilo of
t he concentratijon o%.th rimed | ow copy target nucleic acid to the
starting concent r&tithe452S6f the unprimed | ow copy target nucleic acid

bei ng from 0.95 to 0. 31 @nd 15)°C < TitHe(Tgiie 06)ebe concentration of
the primed high  COPY L8L98F PHE' &LG-BGETat QohNESERALLDY SQnEENt ration
copy target nucleic acid to the starting concentration
15 of the unprimed low copy target nucleic acid being from
0.95 to 0.5, and
the ratio of the concentration of the primed high
copy target nucleic acid to the starting concentration
of the unprimed high copy target nucleic acid being
20 from 0.95 to 0.01,
D) heating the primer extension  products to the
first temperature over a period of time of from 5 to 20
seconds and keeping the products at that temperature
for from 1 to 40 seconds, and
25 E) repeating steps B through D sequentially as a
cycle at least once wherein each cycle of steps B
through D is carried out from 20 to 90 seconds.
The present invention provides a very rapid
and efficient method for preferentially amplifying and
30 detecting a low copy nucleic acid, especially in the
presence of a high copy nucleic -acid which potentially
could obscure the signal for the low copy target
nucleic acid. Because the method is rapid, a result
can be obtained in shorter time than is normally
35 possible.



of the unprinmed high copy target nucleic acid being 20 from0.95 to 0.01,

D) heating the priner extension products to the first tenperature
over a period of tinme of from5 to 20 seconds and keepi ng the products
at that tenperature for from1l to 40-seconds, and 25 E)

repeating steps B through D se uentlal as_a e at | east once
wherei n each cycle of st&pShBT rten 1%€nr égﬁ Drl§l&8WF¥e500qufFB *3§:to 90
seconds. the benefitEhefpnvesening premeromaprosi das adiesy inapi d

and efficient éggd for R %fﬂh H%%'Eyl%nﬁkhfy'Q%1§”@o§%1ngﬁﬁ%%t'Qg a | ow
copy nucleic Béi aII resence of a h "copy “hucl ei ¢
aci d which poﬁ@ﬁtcmﬂeBymakes c,Echﬂ P IRFSSG é“Utcl% mr@fﬁlenfsértlﬁfﬁ?e tioow copy

tar get 5 NUGkeles @@aquz%ecamﬂth%ﬁmt fmcul%lrlqrwd,lsadb%%qlr{ed can be
obtained in shorter tinme than is nornal possi.b

o becatse e GrRar g e i O HoPsafedPhEan  the
benefits of vakyhagiRd Myrd atddbi ANt ad] q&tnm cond¥rig it idrerdd ' s are
magni fied in PCR ThH§ \ﬁg?lnatlon(gh 4]res makes t process much
nore sensitive@TTEH UG Atthre %kﬁﬁ%qo a5 RSHBH i t3Pi's obt ai ned
because the tammmnﬂqnﬁeGhmimwkmpmiymbnaSHuamﬂ RORhearnconceeraaioresl nor e
o B AR NGRS ool Pled and R rar;rr{%falng\ff]alé’@éoﬁ)@)ce the

nmet hod has begun. I on ynmerase a
concentrat i ong eMperReILe | 1$ caly %@@&uEh@xpzﬁmnquﬁﬁﬁwﬁgﬁn@@ fercond)

temperature | it diAnioPepE! dbig £411EbeRed. T OfnidCeonnsfhOllof 0By

nucleic acid i s Teduced I S conbi nati on of f eat ures overcones the
probl ems not edf @AtV areVarFeRes the problems noted above and allows

for effective and rapid coamplification and detection
15 of the low copy target nucleic acid despite the
' presence of high copy nucleic acids in the specimen.
The general principles and conditions for
amplification and detection of nucleic acids using
polymerase chain reaction are quite well known, the
20 details of which are provided in numerous references
including US-A-4,683,195, US-A-4,683,202 and US-A-
4,965,188. Thus, in view of the teaching in the art
and the specific teaching provided herein, a worker
skilled in the art should have no difficulty in
25 practicing the present invention by making the
adjustments taught herein to.simultaneously amplify (or
coamplify) two or more nucleic acids, one of which is a
low copy target nucleic acid.
The present invention is directed to the
30 amplification or detection of one or more specific
nucleic acid sequences present in one or more low copy
target nucleic acids in a test specimen. These nucleic
acids are generally present in low concentration, or
what is known in the art as "low copy" as compared to

35 other nucleic acids in the specimen. Generally, a low



for effective and rapid coanplification and detection 15 of the | ow copy

target nucleic acid despite the presence of high copy nucleic acids in
t he speci nen. The general principles and conditions for
anplification and detection of nucleic a8krds using pol ynerase chain

reaction are quite we known, .th eta pf mth ~are.proyided in
nUNEr ous refeg8ﬂ¥e§arget Fh&r&d|ngcug Ag EBE Z 4,683,202 and US- A-
4, 965, 188. Thaspukh wvifewesk thanté@cﬁlnQOLa*theoaeve* theandothe spacific

t eachi ng provhded Ig(gr%m,l K%ﬁ h co gklyl@geae %ggcgrgrghgggg chave no

difficulty in 259 pract|C|ng e esent “invention maki n
adj ust ment s taugthheMQthn)aQQWﬂﬂ%aﬁ@dh§ﬁyl§ﬁﬁF|ﬂ@o@oﬁlmes JESARSIi fy)

two or nmore nygl Qs RHdSt idE of Ik dpy "a target! ca@RY: bafiget nucleic

aci d. The present i V%héion is directed to the 30
anpl i fi cati on W Fetd® i0rF DR e HTESENT 1NVEREO: & d

feqrences prGSﬂﬁgsérgéﬂ&ﬁamlyﬂﬁssddmﬁﬁﬁﬂnWLth gdmﬁﬁﬁﬂ ahndnmiiunmﬁts in a
est speci nen ese nucleic C r ese in | ow
concentration,? QAECtlou%WEﬁe?%skﬂﬁﬁhéa %%e a§ﬁ1]%3, Sh aRis et

oW copy" "as conpared
to 35 other rat::ilcei cam:iaifpl'r\fié\@, splee i yerentGarfertdid yor esdow
- 8- tar nucl | Ld .4 r SRES | I anount
of | ess tr‘%n I e?r?ﬁlcr’%l a$ guj'é%ﬁe&;en%ubr%%%n be gréetgtcgﬂp if the
"hi gh copy" nucheix h@gusra¢@npe@§éﬂtlon $@ PR hl ol gPrepY dpdIgR's, say at

| east 1000 11 Mhsc OL£Q18E1as ?P?CHBE@”EE%!LW det Eb@hyopy” target nucleic

aci ds whi ch™are al so anpli present invention are t hose
general |y associ ated mntﬁngéﬁé#FéoaanPﬁBPFﬁhe%OPY Largeechiel8iagent s and

cancers. Wil e,sughcaHCheI Gsed adChdspakeravpl tbhedolt heni aheatsged .t he
present By modulating the efficiency of PCR of the high copy
target nucleic acid (which can be & ubiguitous or
synthetic nucleic acid), the positive control can be
made more sensitive to PCR inhibitors which may be
present in the reaction system. Thus, the positive
20 control would be detectable only if PCR was carried out
.. efficiently, thereby reducing the probability of false
positives. In such instances, the high .copy target
nucleic acid may be present at 10 or more times than
the concentration of the low copy target nucleic acid.
.25 Test specimens can include cellular or viral
material, hair, body fluids or other materials
containing genetic DNA or RNA which can be detected.
while the primary purpose of detection could be
diagnostic in nature, the invention could also be used
30 to improve the efficiency of cloning DNA or messenger
RNA, or for obtaining large amounts of the desired
sequence from a mixture of nucleic acids resulting from
chemical synthesis.
Nucleic acids to be amplified can be obtained
35 from various sources including plasmids, and naturally



10 invention is to regulate or suppress the effect of t hei r higher

concentration so the | ow copy target nucl eic acids are nore readily

det ect abl e. In addition, the high copy target nucleic

acid can be used as a "positive control” .in an assay. 15 By nodul ating the
efficiency of PCR of the high copy tdrget nucleic acid (which can be a

ubi qui t ous oroccursynghelic oruRkeI ¢ raci d);; kherpesikive eeniphek can be
made nmore sensitive to PCR inhibitaors,which ngxw%g _ Bresen in_the
reaction systBffSThudlTHRES oS EVE 289850t PO RIS @ b AEN &t abllé only i f
PCR was carrimdyobe extragtfedcifemn ywartiloaiseluy ssaedisc iing Lukde ngr aakid,i ty of
fal se posLti Lhn i A i.g tar . nucl ei c
acid nmay be pééggéﬁégf11553§Qh3?§&??§§§afh§%1ﬁS ngﬁﬁgxdoﬁgg%%réﬁ%%¥%ﬁ t he
| ow copy toar gegtRfékdi @ragtdnensources knownmdgy tdysedintens ican knwsirude

cel lular or vpkdkeduresTBt @Halprdiide bl A Ya ALk JWterials
contai ni ng geneti c DNA or RNA which can be detected. . VWil é the primry
purpose of deb&&tidn tQFuItdPHemPLliiifigBsand dehRatia ahaughait i on

coul d al so bea@%ﬁise&id@é Bﬂ:mm/ce imfgxéifdxﬁicd oY, Cﬁﬁcdﬂélrﬂdéng Iﬂiﬁdor
messenger , or. obtaining large amouynt.s t he. desired .
sequence fromfENFRY EJIN@'ofV fe‘%}i‘g’ac?rds S :*Mf‘g ‘?‘?‘HH? 1n eb%qfeﬁ’ﬁjcad]l
synthesisl0 or viral infedued ecelbei dsin caduditaipd i fiwdl eon deidbt ai ned
35 fromvari OLésss%“cfeers%'w”ﬂ}?dé&gc@fésﬂgsam de ngtural |y detectable| r uses

occurring DNA"Or m-any Source (Such aS bacterr a,
pl ants, hi ghensamagrdilse @réesempsinvention. may be extracted from various

tissues including blood,pacrepfsi pREER! cBL 09D gONODUCK epr FeLLS (PBMO),

ot her tissue o . .
are not limited to, bacteria found in human blood,

15 Salmonella species, Chlamydia species, Gonococcal
species, Shigella species and Mycobacterium species.
Viruses which are detectable include, but are not

-limited to, herpes simplex viruses, Epstein Barr virus,
human cytomegalovirus, human papilloma virus, hepatitis

20 viruses and retroviruses such as HTLV-I, HTLV-II, HIV-I
and HIV-II. ¢ Protozoan parasites, yeasts'and molds .are
also detectable. The invention is particularly useful
for the detection of the presence of DNA associated
with an infectious agent, such as a retroviral DNA and

25 DNA associated with a Mycobacterium species. Most
preferably, it is used to detect DNA associated with
HIV-I.

A "PCR reagent" refers to any of the reagents
considered essential to PCR, namely a set of primers

30 for the opposing strands of each target nucleic acid, a
DNA polymerase, a DNA polymerasé cofactor, and two or
more deoxyribonucleoside-5'-triphosphates.

The term *"primer" refers to an
oligonucleotide, whether naturally occurring or

35 synthetically produced, which is capable of acting as a



-5 material or other sources known in the art using known procedur es.

The present invention is particularly useful for the anplification and
detection of nucleic aci d sequences found in genom c DNA, bacteri al
DNA, fungal DNA, viral RNA, or DNA_ar-RNA found in bacterial 10 or
viral infected cells, _In addition, nucleic. acids associated with

cancers are Y% @bl BRRnHe HEPRCP AbFE T NES Ui e He BT ES e SEAvent i on.
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_53]/_8'5 hetically IRJT%%P%C’I? é’gﬂrcé]eé ’Cappﬁa@:lc‘?rég ﬁcitr{.d]g(r?oizr? techniques

15 and eguipment, including for example, an ABI DNA
Synthesizer (available from Applied Biosystems) or a
Biosearch 8600 Series or 8800 Series Synthesizer
(available from Milligen-Biosearch, Inc.) and known
methods for their use. Naturally occurring primers

20 isolated from biological sources are also useful. As
used herein, the term "primer" also refers to a mixture
of primers.

A DNA polymerase is an enzyme which will add
deoxynucleoside monophosphate molecules to the 3'-

25 hydroxy end of the primer in a complex of primer and
template, but this addition 1is in a template dependent
manner (that is, dependent upon the specific
nucleotides in the template). Useful DNA polymerases
include for example, E. ¢oli DNA polymerase I, T4 DNA

30 polymerase, Klenow polymerase, reverse transcriptase
and others known in the art.

The DNA polymerase is preferably
"thermostable”, meaning that it is generally stable to
heat and preferentially active at higher temperatures,



point of initiation of synthesis when placed under conditions in

whi ch synthesis of a priner extension product conplenentary to a
nucleic acid strand (that is, tenplate) is induced. 5 The
primer is preferably single stranded for,;_ maxinumefficiency in
anplification, but may be double stranded if desired. The exact size of

each primer esogaiia Maf i derh riceeRsone TUes U ss b niemyl satzad; r atien
conpl exity of dehenargetatisequence, reaction 10 tenperature and the

source of the primer. Generally, the prinmers used in this invention
will have from10 to A%“%Eﬁlfe‘b‘i "srmo;3 able DNA polyfeggses Fvs

herein can be mddmir@sbftedn in the nunberind 1 sOPli§esh®se Qﬁ@ﬂai&ﬂjedlsirﬂg known
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Inc.) and kno Fggﬁuéoﬁaépgkfa sgbeg?%gralbgggccurélng primers 20
a

i solated from |d1og|c sources are a used herein, the
term"prinmer" Wieonpsfabiet enaymestare DNA polyperaeses.obtained from A

DNA p0|yneraserhéfﬂﬂseQéMH?lEﬁbchTﬂkkﬁugdglllforﬂ%QXVQH%}ﬁ9§'g?avus

nnnophosphate nmol ecul es to the 3': g I OX rinmer rn a
conpl ex oftOpri®er TAREIUS theemgPhidusphut OERRE Hﬁﬁﬁﬁﬂohh?§mpﬁtabﬂénplate
dependent @E@ﬁ@faéébaarbSobdamﬁedentompanvéb@eﬁpegtfbeher

nucl eotides in _the te | at e pol yner ases i ncl.ude for
exampl e, E. cdP+SERRP Iﬁﬁﬂ%ﬁgé FnC4HQNA %%Grm889§ﬁﬁﬁa§éteKFéﬁ§w
pol yner ase, regprseottassfuwpbaﬂe Therandogtheps khAdwihbBet Aesaktbed

The DNA pol yner asgAi rably "thernostabl e”, nmeaning that it is
general ly stabf% ?0 R- gg?hgggqand preferentially actlve at hi gher
t enper at urlés, A DNA polymerase cofactor refers to a

nonprotein compound on which the enzyme depends for
activity. A number of such materials are known in the
art, including manganese and magnesium compounds which
release divalent manganese or magnesium ions in the

20 aqueous reaction mixture. Useful cofactors include
manganese .and magnesium salts, such as chlorides,
sulfates, acetates and fatty acid salts. The smaller
salts, such as chlorides, sulfates and acetates, are
preferred with magnesium chlorides and sulfates being

25 most preferred.

Also needed for PCR are two or more
deoxyribonucleoside-5'-triphosphates, such as JdATP,
4dacTP, dGTP, 4dTTP and 4AUTP. Analogues such as dITP and
7-deaza-dGTP are also useful. Preferably, the four

30 common triphosphates (dATP, dCTP, dGTP and 4dTTP) are
used in PCR.

The PCR reagents described herein are
provided and used in PCR in suitable concentrations to
provide the differential amplification of the low copy

35 target nucleic acid and to suppress the amplification



especially the high tenperatures users for denaturation of DNA strands.
A nunber of thernostabl e DNA pol ynerases have been reported in the art,
i ncluding those nentioned in 5 detail in US-A-4,965, 188 and

US- A- 4, 889, 818. Particul arly useful, pol ymerases are those obtained from
various Thermus bacterial species. Preferred = thernostable enzynes are
DNA pol yrer sssaript al sedcdpontarseTherAuSlaqeatéeusreTdet nus theiforni s,
Thermus flavylsedfneQr Thernus thernophilus. Qher useful thernostable

pol ynerases are obtained froma variety of other m cr obi al sources

i ncl udi ng Ther nococcus™ Pt BFRRMEL 2mOupipoebcbl8 PALYBSTESEThEr not oga sp.

and those degenkbglly ati Ne¥WOrAs88hQ6691001h1 of solutioA, DMAtpol ymerase
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manganese or nesi um_iqns i n the 20 queous reaction m xture. Useful
cofactors i négggge% eﬁﬁﬁ&aﬁ@sé:%ear?glor%%nggi Mg aY ?,C%éﬁ’c}ﬁyas chl ori des,
sul fates, aceeguésednd o anop rgoird teallils nmtiess gl ltertal nusdlecsidmsch as

chlorides, sylfakes,a c tes, : referr ot nesy um
chl ori des ang sul f%t)esqq%% %gpfs&enr%glﬁgprnéogreﬁgd.aC%% Wl Kl Al so needed
for PCRXre tmapugesmaite 74°C. deoxyri bonucl eosi de-5' -tri phosphates, such as

dATP, dCTP, dGIP, ﬁET%&{%Mﬁi?%ﬂ%pwﬁne%@gO&s tHelH RPd-opy

7-deaza-dGIP are al so useful. Preferably, the four | common tri phosphat es
(dATP, dCTP, t@GHRtamREiy agid 15 suydedhar pde ratio of the  The PCR

reagents desgdrheddieidh € the pPimvd desl anshywisedddr RRR gk sui tabl e
concentrations to ydethe differenti al l.ification the | ow

. f
copy 35 tarG&hd@ eql'bggl%r%r%’rfbgt%oré%%rbﬁ’ré% lcfrheoaﬂgpnwﬁ?fﬁ‘rb%’f’r%%g Low

15 - copy target nucleic acid. is from 0.95 to 0.5, and
preferably from 0.9 to 0.8. The broader ratio range
generally corresponds to a primer concentration of from
0.1 to 10 pumolar, and the narrow range corresponds to a
primer concentration of from 0.4 to 2 umolar.

20 The concentration of primers for the high
coéy target nucleic acid which is also amplified is
such that the ratio of the concentration of the primed
high copy target nucleic acid to the starting
concentration of the unprimed high copy target nucleic

25 acid is from 0.9 to 0.01, and preferably from 0.5 to
0.25. The broader range generally correspohds to a
primer concentration of from 0.01 to 0.8 pmolar. 1In a
preferred embodiment, the concentration of each primer
for the high copy target nucleic acid is within the

30 range of from 0.1 to 0.5 umolar.

The fraction of either the high copy or low
copy target nucleic acid that is primed can be
determined by synthesizing the complement of each
primer, and under the given time, temperature and

35 reagent conditions of the PCR process, measuring the



of any high copy target nucleic acids present in the speci nmen.

The m ni mal anmounts of DNA pol ynerase is generally at least 5 units/ 100
[err]] of solution, with 5 from10 to 25 units/ 100 [err]| being preferred,
and from?7 to 20 units/100 [err]l being nore preferred. A "unit” is
defined herein as the anount of enzynme activity required to incorporate
10 nnol es of teotcalntnud] eotimgsd comp YHNFR g)simy dramr.exdeEndirngmucidei ¢ aci d
chain in 30 1 ] : 4 1.5 The concentration of
prinmers for t%§ﬂQ%y€£§%§i g}%éééﬁﬁ %Ucleic acid is such thatl{he rati o of
t he concentration of TRGIECHH i RO THFRP 1&gt Yudeierallyacid to the
starting conceftd Ao 9fat Nemanps | B0 hW A5 o COPYdSI HE! el gignacid is
from0.95 to 0,5, and preferably from0,9 to 0,8 The broader ratio
range §encitiT 2 T 9 FRehdh ?Be%e?)?i%rf%%c%r&?a‘i?oﬁ%f"“?‘?b‘?ﬁ’ in 0.1
to 10 [err] nolgtie Bt hennaixoursange corresponds to a pri mer
concentration of fromO0.4 to [err]nplar. 2 . The concentration
of primers for the high %he Pé%p§e?%?@%? Rkl ?cs%%?hlﬁﬂich is also
anplified is indisudhalhpt o©heinatibubfetbé sohcendnaheovingfatpre pni ned
hi gh copy targ n L.C_.acCli 04t tarting concentration of the
unpri med hi gh g%%yy§g§ée?§nEngic gg §éc[d is from0.9 to 0.01, and
preferabl y%rom0.5 to & low g9pYTherSroabEfifafigaCyeneral P§ corresponds

to a pri mgpr §9AEANELBH RyOob:f BONEOi Byt 8r0s8ukers] ARl Abrekn @
preferred enbodi nent, the con&enttgtlonhof each priner for the high
copy target nuBPEVe-acPgrrEakiltni At RESt38e PXREECERYf ABmSO™ME FENpes
[err]nolar. to make it avalhedflkagbiroroataett heeht RBehipghmeepy agl | ow

co target nucleic acid_that i r.inmed c be
Py 9 otger reaction ma rlaq%. %%rlous procedures are known

15 in the art, including those described by Laure et al in
The Lancet, pp. 538-540 (Sept. 3, 1988), Maniatis et

al, Molecular Cloninc: A laboratory Manual, pp. 280-281
(1982), Gross-Belland et al in FEur.J.Biochem., 36, 32
{1973) and US-A-4,965,188. Extraction of DNA from
20 whole blood or components thereof are described, for
example, in EP-A-0 393 744, Bell et al, Proc. Natl.
Acad. Sci. USA, 18(9), pp. 5759-5763 (1981) and Saiki
et al, Bio/Technology, 3, op. 1008-1012 (1985).
Since the low copy target nucleic acid to be
25 amplified and detected is usually in double stranded
form, the two strands must be separated (that is,
denatured) before priming can take place. This can
occur during the extraction process, or be a separate
step afterwards. Heating to a suitable temperature
30 (identified as "first temperature®”, or Ti herein) is a
preferred means for denaturation. Generally, this
first temperature 1is in the range of from 85 to 100°C
for a suitable time, for example from 1 to 40 seconds.
The denatured strands are then primed with
35 the appropriate set of primers by cooling the reaction



determ ned by synthesizing the conpl enment of each primer, and under
the given tinme, tenperature and 35 reagent conditions of the PCR process,

measuring the - 13- anount of
prinmed conl ement using UV hypochron smahd conventional procedures.

The DNA pol ynerase_co act or is ener*alglvy_, - PRESENt.Ln an aomount . .of from?2
to 15 mmol ar, aﬁﬁueécﬁ ©5¢ §RFe” |%s “generall ‘y‘prgéénf affromo- 25°Fo 3.5
nmol ar in akhe reaction m xture. The PCR reagents can be
suppl i ed individually, ;@r_in buf feredcspfuti o ing a pHin t he
range of from7 to 9. 10 (9 1% g\ v\ScopPL rgg)hf\é/uclelc acid can be

obt ai ned fronwheyedh é’nuamsettyleoﬁ“eslm}r“@es&ﬁ@%@tt@de of sheverimemsrally, it

must be e@ra%g%d thd %me AN arget MRidEKE acjavai loahblesahak, cantagt with
the primers an ot her reaction materj als. Varlous rocedures are known

15 in the ar Withid ¢ FARR L NI by B 1%atre &OHING takesThe Lancet,
pp. 538-540 (gaRlkce %velz9&8)t:1xﬁ@rp@rhlcﬁi eif frorals dﬂ)lmtﬁarorﬂs()ma?gi A

Laborat ory Manual ) Bel | and
Eur . J. Bi ochem™°X pprp?fera%f SL% R gg Cﬁﬂfl tfraec%*oargiéﬁ‘ DNA
from20 whol a‘zblmdiefﬁlm@drpmment S ther eof are descrl bed, for exanpl e,

in EP-A-0,393 744, Bell et Pr Nat Aca i USA, 78 9), pp.
5759- 5763% 1981) and Sai ki ?% ? F é#%/TEC Cb)ég 1008-1012

(1985). and is in Siheenaheovew ’é@@?"t@f g@torhu&/em &%9@- to be 25
anplified and detected 'énz;éuehéydénaéeygées@{rsﬁagegre coof@iMothe, two

strands nust be separated denat ure % before primng®can take
pl ace. This cadrhe reaettoR BuKEHFSt RRNEXLPARE BRepPEReE58298RLHels separate

incubated at a third temperature, T3, for from 1 to 80
15 seconds, and preferably for from 1 to 40 seconds, to
effect formation of primer extension products.
Generally, T3 1is defined as:
{(Tpr, -15)°C £ T3 < (T + 15)°C,
and is in the range of from 55 to 70 °C. Preferably,
20 T3 is defined as:
(T, ~5)°C < T3 £ (Tpyp, + 2)°
and is in the range of from 62 to 68°C. ]
In a most preferred embodiment, T; and T3 are
the same and are within the range of .from 62 to 68°C.
25 Each primér for the high copy target nucleic
acid also has a melting temperature identified herein
as Tpu- The difference, AT, between Ty, and Tpy is
from 2 to 8°C, and both T, and T3 are between Ty and
T or equal to either Ty, or Tpy-
30 Melting temperatures (Typ, and Ty} are
defined herein as the temperatures at which one-half of
a primer is denatured from a complementary strand (such
as the template). The determination of the melting
temperatures can be accomplished using several standard
35 procedures, based on ultraviolet hypochromism, for



step afterwards. Heating to a suitable tenperature 30 (identified as
"first tenperature”, or T[err] herein) is a preferred neans for

denaturation. Generally, this first tenperature is in the range of
from85 to 100[err]C for a suitabl-estine, for exanple from1l to 40

seconds. 1 enaturqgﬁstrands are th@n prlned with 35 the
appropri ate $8©"6 eprl%rrgorbjy OO Ny T P Teact T o - mxture to
a second temperatibel i h si £ 1

eBidchevhi ghrv ST f¥obgbular aBasis of Cel
(Tlerr] - 15)J.err r T, rr T, eip Tlerr] is
the nelting M o é }{35{“? S%ehnm%ew{]gﬁge% nucl ei c
acid. Gener @uhlisters, Incwﬁth?ﬁoth@praﬁbé’bf f Tloen B3r tou7 Oher ndds

Cool ing tagkes,¢ de@éﬁﬁ?n?x‘(&rmélﬂﬂs 9@%b99a9ur§£qq%:35 bPodlc econds, and

nore preferab y fromb second Preferab S deflned as
10 lghtlz( T!Péﬁ#frlay[ ¥pLpes[ EPF) tir[ee?@pe[ BN m?i’F@PH?' + 2)[err]C
and is in the;parfeyee {rémgésOfshBﬁQH‘ B3ct 0a€F[ etbhCeach other by Once

t he denatured strands ée COS to T2, the reaction m xture
cont ai ni ng t HEOPERPRBgenPE Ps i ncubated at a third tenmperature, T3,

for from1 to 80 15 secefidsabayd phef meablingf eempeesriries 4@eseconds, to

effect f rnatlo Q riMer t ucts. Cenerally, T[err] is
defined a¢: cflalll U5k %?%[% rﬁ(ﬁ%S)[err]C [err] Tl[err] [err]
(T[err] + 15)[err]C, Tnp (é’rﬁﬁ i=s G7n5the0r-@r4qéGof+ Clom 395/ 70 [err]C

Preferably, 2 af ijned «as: (T8, r]C
[err] T[err] ?E??% bT[& + 2) rﬁqfesent PgﬂFﬁffﬁg b%hﬁénb af?%n162
to 68[err]C. cytosine nucleotnl S rﬁ%itp%?rté#\’@rlhfed agehod nereprererdd T3 are
the same and apg Wokhith duiedange Micfdanfa itP B rldonucieotide

15 (that is, primer). Melting temperature values obtained
by this calculation correlate very well with the values
determined empirically at room temperature using
conventional UV hypochromism and a conventional
Hewlett-Packard diode array spectrophotometer (scanning

20 rate of +1°C/min.) for a solution of primer in 10
mmolaxr Eris(hydroxymethyl)aminomethane buffer (pH 8.5)
having an ionic strength of at least 60 mmolar provided
by one or more inorganic or organic salts, such as
magnesium chloride, magnesium sulfate, potassium

25 chloride, sodium chloride and others readily apparent
to one skilled in the art. The amounts of primer and
its complement in the solution used to determine the
noted melting temperature formula were sufficient to
provide an optical density of from 0.5 to 1.0 OD units.

30 After formation of primer extension products,
the reaction mixture is heated to Tq over a period of
time of from 5 to 20 seconds, and maintained at that
temperature for from 1 to 40 seconds. This completes
an amplification cycle.



25 Each primer for the high copy target nucleic acid

al so has a nelting tenperature identified herein as T[err]. The
difference, [err]T, between T[err] and T[err] is from2 to 8[err]C,
and both T[err] and T[err] are between T{®¢T] and ~ T[err] or equal to
either T[err] or Tlerr]. pcd0is generally cMeltiRgotenperaburesa6T[enr] and
Tlerr]) are defined herein as the . tenperatures \Malch one-hal f of
a primer is defdFdFed f’r‘&ﬁ‘lé cdr?pl“é‘nEHtcéreYngFraHdp(%c E3§%t he

tenpl ate). Thecdeler disnateneradflyt Heromel20i ng 90 secbedper atithes cgnlke
acconpl i shed u? .ng %%v%rr%l %toaq:%arﬁ SR o osedur eE,rel%%%;% on ul traviol et

hypochr om sm exanpl e,
by nonitoring the spectr ®heatam¥80 fimadsion maidwesy idfed hilis Binyemériost iy- The
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Wrt h Publ i'shers, 1nc pp. -7..The various meth

det er mi ni ng nelsa ndateriie a‘%%?rcefsl%)}mﬁ?tdtﬁﬁ:e‘-s tempqryne (ﬁyfqlérq ﬁ@ \)aal ues

for the same DWdAEHECWE mannedUtort ho sde /ot d® 5ishsmy d;fnq;tmeasry fa om each
ot her by nor e .t han or

3[e bly, the nelting
t enper at ures arE™RFT & c’LfF%ﬁ’[e‘HmféT%gh?‘ﬁ% kf%“?%ﬁea"el"pe‘f £58 Yend S Tlerr]
([err] Q) =167. purdbs( %> +o1) of 5dMary sherkim "tBe antk "WSuXdpr esent .
t he nunber of qilj@l ne and cytosi ne nucl eoti des, respectively, and "N
represents total nunber of nucleotides in the oligonucleotide 15
(that is, primer). MeltiQgetenpkranstzunahtefonbtial mepurposdyishis

cal cul ation Corcgé%@{'?bé(gr?[nv‘@!)}nev"liébaif'e(ﬁ{ Jfﬁ 4,968le1 €8 ARG grRI 1 cally

at roomtenperature us onvention romsmand a
conventional - 23¢HeQfRtt- @a@ﬁaaéllm obBigr Fﬁ?%p@@ﬁopﬂ@l‘@%@ei K‘l@@bnnl ng 20

rate of +1ferr]{AmhiNceihg" c8ntQkHErORCET nBLETRE &Mndfber of reaction

tubes containing reaction mixture, a means for heating,
cooling and temperature maintenance, and a computing
means to generate signals to-'control the amplification
sequence, changes in temperature and timing.

20 _ A preferred instrument for processing
amplification reactions in a disposable chemical test
pack is described in some detail in US-A-5,089,233. In
general, this instrument comprises a surface for
supporting chemical test packs, pressure applicators

25 supported above the surface for acting on the reaction
pack to transfer fluids between adjacent chambers in
the test pack, and means for operating the pressure
applicators through a range of movement extending
across the test pack.

30 EP-A-0 402 994 provides details of useful
chemical test packs which can be processed using the
instrument described in US-A-5,089,233. Also described
therein are means for heating and cooling the test pack
at repeated intervals (that is, through cycles)

35 appropriate for the method of the present invention.



mol ar tris(hydroxymet hyl ) am nonet hane buffer (pH 8.5) having an ionic
strength of at |east 60 mrol ar provided by one or nore inorganic or
organic salts, such as nagne5|un1chlor|de magnesi um sul f at e,

potassi um 25 chloride, sodiumchlorideldnd others readily apparent to

one skilled Ismrtme»ardecérbﬁsaﬁ@@@%@l@@ REbPRL 8t proceddsngonpl enent in
the solution used to determ ne ¢t noted nelting. tenperature fornula

were suffici égffuigrent C%Fo??dabﬁﬁlﬁﬁ?lEﬁ?md5n§|T?"%T M ®.5 to 1.0 OD
units. 30 11teraturé\fixertﬁer ﬁnbﬂdn ehdpwoukd Bt easddhy products,

the reaction m xt lr';téb9§ Iﬁ&égdovgrggepgrkod of time of from
'

5to 20 secomﬁfeﬁ.% &fature for from1 to 40
seconds. This’ conpletesBes1deanca¢mhcﬁﬂcaesonpayksedescrlbed above,
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to 90 secondsasmﬁhﬁsa ggekgibed ﬂmmﬁoﬁﬁ ﬁﬁéﬁﬂ301n0U$5Aséc ﬁ@sGBéhng

preferred. 5 ys_a-s5,173,380 amel id-gats,onomebhad @Lchhlc%slt%%wson s
preferably conducted in a cont.i nuous, aut qnaf ed nmanner so that the

reaction m xtDR¥S| & FRASEPALGEYe\Rd SAGH 2D Cha&‘&‘?t"lsolcloé‘&aﬁﬁlﬁﬁ@r for a
desired nunbe{agfiotisMeeaghnts, MUATRTsOfand StheTe Mat id\wa shegn dewaleoped

for this 10 ose, .as _qne of ar. r.t _woul d know.
One such instﬁ F?Sh‘ﬁ fbr 4 tarﬁlso%urs(%(?g;e % Stiﬁed@g}? Lr;{é]‘(f% 1+ detail in
US- A- 4, 965, 188eakrd tERPnA@thod.236, 069. Generally, thls i nstrunent includes
a heat 15 conducting C%"Ett:aéﬁet"hé Oéeg‘zf égr}gm%é}ur&erc acttl on t ubes

contai ning reaction mxture, heat1n COO i ng and
t enperat ure rEeACE @I Eararke asmmpftd b}g lnaCtheartslrtg) gendMfte signals to
control the amphif{GalddNising known techniques, or by separating the

components of the reaction.

As noted above, .the method of this invention
can be used to detect or characterize a low copy target
nucleic acid. Detection can be accomplished in a

20 number of known ways, such as those described in US-A-
4,965,188. For example, the amplified nucleic acid can
be analyzed using Southern blotting techniques.
Alternatively, amplification can be carried out using
radioisotopic or biotinylated primers which can then be

25 detected using appropriate techniques.

In one embodiment, once a desired amount of
the nucleic acid sequence of interest has been
generated and the primer extension products are
denatured for a last time, the amplified target nucleic

30 acid is detected using an oligonucleotide probe which
is labeled for detection and is.complementary to one of
the primer extension products. Procedures for
attaching labels and preparing probes are well known in
the art, for example, as described by Agrawal et al,

35 Nucleic Acid Res., 14, pp. 6227-45 (1986), US-A-



sequence, changes in tenperature and timng. 20 A preferred

i nstrunment for processing anplification reactions in a disposable
chem cal test pack is described in some detail in US-A-5,089,233. In
general, this instrunent conprises a sarface for supporting chem ca
test packs, pressure eppilataf @S isupparded abaye 3-he sur frgee for acting
on the reaction . pack to tr sfg;ﬁflyh?s.begmegn adj acent chanbers in
the test pacK®Etd Headrs 7Y Bperdi ny tHE prissire e CeZgRiat or s

t hrough a rangeofimpveanesntukxi&nell ngincludacradiotdm dmss, pack. 30

EP- A-0 402 99 [ de ils. sef, -nhem packs which
can be procesegleeggtﬁgs/(%%gé?%% aréér’?{l]%%l'r uérr‘g%ﬁrbo"s%sf’l bjgid&l noééf‘%&’- 5, 089, 233.

Al so deschi bathosphoxeeenh mepbehbans foOrrhebtiart apheoordsrethe test pack

at repeated ifntesyalSs (et 0§-aLhr poghssyches)us3k-4appsopsinte for the
met hod of the present invention. -17-

Further det ai FREPEHAPENAGCHRES BPLPEREHr BRESENAYTeS (WBLfBNREE can be

obt ai ned fromibecepa8) dergbbeul enkihesaineduda, t §eubbebdoxangdsuoul d be
readily ascert ai_nabl e bg one Skﬁ I?d in 1t'1he ﬁrt. 5 Besi des
chemical testPPEEX39gEEer Phede5FovB ka1 1PEnBPREPRBHEEEN2RE BAPRFED out in
ot her contpai NRASWRUEA the agtthosebdeseriebednindper €odrtiagl in

US- A- 4,902, 624 . US-A-5,.173, 2 -A-5, 229,297. Such test packs
have a nul ti pr’%‘P??IBfOPSa;?Piroﬁugg’a%ggygggoﬁgsi ‘HF%é %Bowyari ous reagents,
buffers and ot her mat er Walesewtibeh label is asepfrelf eatredaenaysies sagds aisn t he

anplification : tecti o er e desired
nunber of cyché?xﬂggg%' %%égg?gg Q@%ﬁ be §F§p8§3a8y ﬁ gﬁ?ﬁ%gting t he DNA
15 pol yrer aspeuskagek amsh suddtailfusy e do By Nde SOMPASAG 10Rs are

15 added to provide. a detectable dye. For example, useful

dye-providing reagents include tetramethylbenzidine and
derivatives thereof, and leuco dyes, such as
triarylimidazole leuco dyes (as described in US-A-
4,089,747), or other compounds which react to provide a

20 dye in the presence of peroxidase and hydrogen
peroxide. Particularly useful dye-providing
compositions are described in.US-A-5,024,935.
Chemiluminescent signals can be generated using
acridinium salts or luminol and similar compounds in

25 combination with enhancers in the presence of
peroxidase.

In a preferred embodiment, one or both of the
primers in each primer set used to detect a target
nucleic acid is labeled with a specific binding moiety.

30 The specific binding moiety can be the same or
different for each set of primers. Such labels include
any molecule for which there is a receptor molecule
that reacts specifically with the specific binding
moiety. Examples of specific binding pairs (one of

35 which can be the label) include, but are not limited



conponents of the reaction. As noted above, the nethod of
this invention can be used to detect or characterize a | ow copy target
nucl eic acid. Detection can be acconplished in a 20 nunber of known ways,
such as those described in US A- 4-965, 188. For exanple, the anplified
nucleic acid can _ . j.be analyzed usi n_g%‘S‘o thern bl otting technigues.
Alternati vel y tAmF i EHR oI Tom B art | &8 bt Usig ST 4 i tGitsot opi ¢ or
bi otinyl ated pmtercgivhagt eran diterbdidy 2Zmt dedreciedl dsids a@prn) at e

t echni ques. 4 ne odj nent nce desi red anmount of
. nt t . :
the nucl ei ¢ a@f¥%Eequence @ gl gnflelrigs ]hA Chedi - MeFREL kP t he

primer extensitdepradiciadr e with aedrtecwabforlabdhstoteme, ddeh agglified

target nuckei Gn 3hzafd did SngleteGhed dShAg &R, 0l i gonucl eoti de probe which
is |labeled for detection and is conplenentary to one of the priner

ext ensi on products. Prod&fil Rr$6HPrably. RRCHN NP tabet tmems f epachng

probes are welgriewseét) are 14PelédtwifRIbex@i®! Cor asn d8SCILPEL, DY Agrawal

et al, 35 Ngilejc Aci d S s %4, $§ 6%27-45 (g986) Us- A-

_ 18- 4, ST D TEF Bt RGO b bPBE i WP oLt £1rd Al aw ggopyobarget

relating to ennyieiabetsd asddébectediensingsanebefugatet HEr &L DgiNsef ul

| abel s i n¢hude di.ol e .el ectron-dense reagents, chronogens,

quorogengb 5 “%ﬁ&%%ﬂ%?%%géﬁ%n e #eg? FRF¥Ttt n éﬂﬁ BEREFe naghaeRed

particles (seet®She 457061698 hnddUSgAcdmPROx064) then debestkamisesgent

noi eti es and e&;é(nggngg\élﬁgagr Eubst rRE&f ggggg% Usef ul enzynes incl ude,
PEES

gl ucose oxi dase, oxI dase, uUricase, a athe phosphat ase and ot hers
10 known in the art. Stbsprdeesfandtbpeamnplafhngd targetposcieans for such

enzynmes are WehtiKN@¥Npe detected, it is often useful (but not

15 necessary) for it to be separated from the other
materials in the reaction .medium. This is done by any
of a number of ways, including using a capture reagent
having a capture probe which is covalently attached to

- @ water-insoluble support. ' The capture probe

20 hybridizes with the amplified target nucleic acid and
the captured material-can then be separated from
unhybridized materials in a suitable manner, such as by
filtration, centrifugation, washing or other suitable
separation techniques.

25 _ Capture probes can be attached to water-
insoluble supports using known attachment techniques.
One such technique is described in EP-A-0 439 222.
Other techniques are described for example in US-A-
4,713,326, US-A-4,914,210 and EP-B-0 070 687. Useful

30 separation means are microporous filtration membranes
such as the polyamide membranes marketed by Pall Corp.
(for example as LOPRODYNETM or BIODYNETM membranes)
which can be used to separate captured target nucleic
acids from unhybridized materials.



Where the label is a preferred enzyne such as per oxi dase, at sone point
in the assay, hydrogen peroxi de and suitabl e dye-form ng conpositions
are 15 added to provide a detectable dy@0- For exanple usef ul

dye- provi di ng reagents |nclude 1 tra thbeen;Ldrne i vatives
thereof, and | euco dyes, ré*uckhsea‘s“ ¥ ar A9 ddZol g)ﬁ StRES gfg)e‘s (as
described |nliéd&ra:‘o1ldﬁ%h&@éﬁ,-mnokﬂi&ﬁ wonpoundo whietedeant, t o
provide a 20 dye &d%yég s BECoEnes £:of pELIOX! dase AN DYULORN. e diEr OXI de.
Particularly usé? ut npositiions are describe dTh

US- A-5, 024, 9356ilm, n@rremmenfhb@eeﬁt %1b¢far SPEREr he Feher anmh@tsmg

acr i di ni unssa';%éro{cié@@pl 286 Sigbl ar OMPONNGS hdladSor COMLARLE e Wi Lh
enhancers I nt resence ? per oxi dase. In a referred

embodi nent , od@a%¢rb%%% BRCIW@ing 9135 nefereRiechetaher BREUERL

detect a targebccurrifgCbei syAchdris babﬁnéﬂsw &emuwesa:fﬂngt@tﬂdwg rml ety
30 The specrflc bi ndi n ifferent f each

set of prinerstish8h WﬁgEFéaiﬁc?ﬁanC ersaﬁ?aﬁgr%cﬁPgafﬁPtmﬁPcﬂn?h8 eis a
receptor nol ecok@inary bkallreéactbespeti.fi akktyculdhlyhesepati Ebtilli nding

oL ety Bl g5eaL SPRCL ELG RENL0-BILKS (078, OhaofRe 18baR:ERRERS N

in

-19- to, agedentbilyt hayvisgr ept aviediegebbericaclesagae/ béctirom 0.001
anti body/ hapt ep,, 3t L%R@‘élé&%”t' ge% cARd ereheriisr g8duky sucn pRBRESRLGL O one
skilled in the art. The receptor is hen conjugated with a etectable

| abel noiety, PadhMgsis p@rrtéﬁzlm G@Cﬁgldrerﬁl@vwseé ERnBHGRers, % methods
Most preferabl yr Q9eak iROf R il MBI 0t R3fent o PHIRDIRR! 1R ARY ed
with biotin (or an equivalent

15 are provided in US-A-4,997,772, US-A-5,147,777, US-A-
5,155,166.

The detection can also be carried out by
immobilizing a capture probe or capture reagent on a
flat substrate, such as the microporous filtration:

20 membranes described above, or on thin polymeric films,
uncoated papers or polymer coated papers, a number of
which are known in the art.

Particularly useful arrangements of a capture
reagent are described, for example, in US-A-5,173,260.

25 The capture probes are covalently attached (either
directly or through chemical linking groups) to the
same type of polymeric particles, and the resulting
capture reagents are immobilized on a heat or
ultrasonic sealable support (for example, a sheet,

30 membrane, fibrous mat, film). One particularly useful
sealable support is a laminate of polyethylene and a
polyester such as polyethylene terephthalate. The
capture reagents can be disposed in distinct regions on
the water-insoluble support which is part of a suitable

35 test device (as described above). Such test devices



derivative thereof), and the anplified | ow copy target nucleic acid is
detected using a conjugate of avidin 10 (or streptavidin) with an enzyne.
The enzyne attached to the specific binding conplex is then detected

t he appropriate substrate reagemts. In order for
the anplified tangetl soublecidef inedaisd digdr@sdatce etlehenitts i s Fofrt en usef ul

usi ng

in the reaction ne

(but not 15 Necessatey) bl dioddk DeALRAA el Jdpad Redldeet o materials

IS I's done by any a nunmber of ways,

i ncl udi ng usi nglargdptyr ©fr edgemes or HRAYRYY of caRtipus fragiaishi ch is

covalently attachednta. a water-insol uble support. The capture probe 20 .

hybri di zes wiwth the anplified target nucleic acid and the captured
material cah then be separat' e FrOMOWing HAMR 1T z &l InRETTNLIES a

sui tabl e mannerresash vasi dibt unleds | dteéhwise cesded f ugati on, washing or
ot her suitable

ti t echni . 25 t b
be attached to vvater-separﬁe‘!?%@% ISCTQI%;%?}Z@%?%% %%n%%"g{ﬁﬁng:]? °s can

t echni ques.

aquanel cue hwa 2 cpmepaeed suslesg rkbedn i préafeduded 3922, as

Gt her techniqu € i bed. exe i = 4, i :

US A 4, 914, 210 FF E‘?:éi%é’tg)ﬂé% %’E%PLéggﬁ{‘gﬁoﬁgg%‘g?art‘?%narr‘re%%glgggy of

m cr opor oud0f i 127Gt wehds 4ngsof protgeh. asThaeDEd| pativrierasabvases
marketed by Palis&®rPn an ambfift exampbegagntEPROPYNE] e6f] re@er BhHDYNE[ err]

menbr anes)

whi ch can be used to separate captured target nucleic

aci ds from unhy®B¥fe¢sed material s.

-20-

of water-insol uble

pl at e,
gel s,

test tub&®

Any usehdl pgehbdssdpROptoBal Rerdsgdebaied usggBaration
roduct . for detection a mcrotiter

, i n¢l udi n
AREFTChBEJDAter1ats| AN, BROFAAUTE BSL8T AN ter papers,

magnesi ¢ Appphedii Biesyer egkadededoB80Bl,t tharebeoladed ONaa nunber of
synthesizer using standard phosphoramidite chemistry

and

the ABI 1 umolar scale, fast cycle protocol.

Nucleoside-3'-phosphoramidites and nucleoside

derivatized controlled pore glass supports were

20 obtained from Applied Biosystems. The primers had the

sequences identified below. They were functionalized

at the 5' end with two tetraethylene glycol spacers

followed by a single commercially available DuPont

biotin phosphoramidite. The probes were functionalized

25 at the 3' end with two tetraethylene glycol spacers.

followed by a single aminodiol linking group according

to US-A-4,914,210. All purifications were carried out

using a nucleic acid purification column, followed by

reversed phase HPLC. techniques.

30

The "TP4" monoclonal antibody specific to the

noted DNA polymerase was prepared as described in EP-A-

202801.2. Generally, it was prepared from the immune

cells of DNA polymerase immunized mice using

conventional procedures, such as those described by
35 Milstein et al, Nature 256, pp. 495-497, 1975 and



materials including glass, ceramcs, netals, naturally occurring or
synthetic polyners, cellulosic materials, filter materials and others
readi |y apparent to one of ordinary skill in the art. Particularly
useful solid 10 support materials are p8yneric or magnetic particles
general |y havill é){"v%r‘é%el petteel E8%5 1"2%~ Ji2fibke ®. @0111127 t oram

[err] meters. F;uxradner ied wé S @,—b@mgo@ucgt@f@{ﬂ{rg ege1ls HOlyRerigsparticles,

i ncl udi ng useful. mononers, i % rngélng t hem and_at tachnent of
recept or ol edlildel TR BSQFBNF e’dr?rﬂ "I QorlyFe (Eueh 29 4vhe 77,
US- A- 5, kﬁﬂﬁﬁﬁﬁ) and Lused with Shk/@eA@r4|mMrs@@ @y eDoe €arrsed out

b bi . flat
Substrate. Jsuch Al Her FrehbE coB L BOR PERE R G ERRITh s B eiet pbed
above, or on tf’fﬁlf\e@)@ivmﬁdlman@ platedunnoraubdlpabkr51ssupotyimeareoat ed
papers, a numheicibs. 7-YRi g Qrf?KQPWMthQ Bpﬁr§85ma cel%s

Particul arly useful arrangenen a captu are descri bed,
for exanple, iFPRERHpENg7Bhesant pRodTRe Eaﬁﬁuhérﬁﬁébeé apadcpual énely

attached (eithgging coﬁi{,égggbﬁa@r tthrAsygheghen cal 1inking groups) to the
sane type1% pol ymeric pa{)tl cl and the resulting capture reagents
are i mobi’i zed on a heat “§rP° Ymeﬁ???agaﬁﬁe §§9FSBP§ éﬁEB&rWIKFBFeexanple

a sheet, 30 (eobrabe, ihtbouded mets (hiyBEbxymOBByDABRE aBhathynasef ul

ol yet hyl ene. cErebREnat BT EMEHRE" oROBYS BB BN rPtorinebd i Sposed 1 n
di stinct regi omvsobar) magheswatne chilpgalkdebl{é 0s mppdktr ) WhidalT s, s doaet, of a
S e 0 Rt G s teratel Rl BISRALSR SRS L
15 below, 1 pmoler of each unless otherw1se indicated),
gelatin (0.01%), the noted thermostable DNA polymerase
(7.5-8 units/100 ml), and the TP4 monoclonal antibody
(50:1 molar ratio to DNA polymerase).
The primers used in Example 1 for the
20 amplification and detection of HIV-I DNA (gag region)

had the following sequences:

SEQ ID NO:1: 5! -X-TTTGGTCCTT GTCTTATGTC CAGAATGC-3!'
and
SEQ ID NO:2: 5'-X-ATAATCCACC TATCCCAGTA GGAGAAAT-3I!

25 wherein X represents biotin attached to the
oligonucleotide through two aminotetraethylene glycol
spacer groups using the procedures described in US-A-
4,962,029.

The primers for the amplification and

30 detection of HIV-I DNA (gag region) used in Example 2

were as follows: '
SEQ ID NO:3:

5'~X~-CTAAAGGGTT CCTTTGGTCC TTGTCTTATG TCCAGAATGC-3!
and

35 SEQ ID NO:4:



exanpl e, the support can have di sposed ther eon a plurality of stripes

or spots of various capture reagents. In the foll ow ng
exanpl es, all percentages are hy melght unl ess ot herw se not ed.
Recombi nant DNA pol ymerase from Thernmus-23- aquaticus was prepared using

known proceduresg, _su hat; ﬁesrccrcl;\bg@ql 2P B A G Zl4¢and had an
activity of 10 §258( %gg@&ATGAé : BNA - SAGANAT

Its/ of ‘protein.  The pol ymer ase “was
used in an anwigredt % BSBQﬁMQ%Q¥RﬁP[%QQﬂq of reaction m xt ure.
The priners and pr obes we{e ﬁrlq‘g&rseokd}smngg amp KMOW SitgH tddg material s and
procedur es us an .15 QS&L ¥ﬁgh1 380 t hree col unm DNA
synt hesi zer 9§Péﬁbé} ﬁte ¥ les Werf Afe ARl 1
[err]nolarssc&kﬂﬂxiast cycle protocol Nucl eosi de- 3' - phosphoram di tes
and nucl eosi d vati z r orts. were 20
obt ai ned from%/%)pﬁ g\[%l Syst nscfné}%'%he&ﬁ @%ﬂﬁ%ééjpjo l'é‘?aquences
identified belsB@ IThe¥O wer e fimmcrmccm GTTCAGTIAGME3S' end with two
tetraethylene‘&qég%a %gqﬁ$r§5 efléé&l M by a single comercially

on

avai |l abl e DuP oranldlte The probes were
functionalized 25 at th%nSaVbﬁHnmP?ﬁ0¥M@a$@t¢%@I%§¢@©esglvtb¢nspacers

foll oved by a shijghesadi 208b@hekbnking S18UPaBEEOVERE Labotfories,

US- A-4,914, 210 purifications were carrled out using_a nucleic
aci d purificatyaf- LoFemhuIebe| Bhedvhgin and BossesadhbnasReFPKESREENNI ques.
30 Thzﬁ"ﬂfwl)nnaasé@nakoas%obad& mpechiolate thess) innoted DNA

pol e ase vas BESERLED BScdeaehi DSt EBilkop (08020012 Canerally, 1
usi ng complensppaakt pndcgdumeslasushdasmt hhderddedri bedebyindd
Mlstein ﬁ% aJCOQ?ﬁgégezégncgﬁtr%%%b%gaaslggg ﬁBle.

A wash solution (pH 7.4) contained sodium
phosphate, monobasic l-hydrate (25 mmolar), sodium
chloride (373 mmolar), (ethylenedinitrilo)tetraacétic
acid disodium salt (2.5 mmolar),

20 ethylmercurithiosalicylic acid sodium salt (25 umolar),
and decyl sodium sulfate (38 mmolar).

The dye-providing composition (pH 6.8)
contained 4,5-bis(4-dimethylaminophenyl)-2-(4-hydroxy-
3-methoxyphenyl)imidazole (250 pmolar), poly(vinyl

25 pyrrolidone) (112 mmolar), diethylenetriaminepenta-
acetic acid (100 umolar), 4'-hydroxyacetanilide (5
mmolar) and sodium phosphate, moncbasic, l-hydrate (10
mmolar) .

HIV-I low copy target nucleic acid was

30 extracted from the 8ES5/LAV cell line {(a cell line which

' contains a single integrated copy of the HIV-I genome)
using conventional procedures, and following cell lysis
and protein digestion, was purified by
phenol/chloroform extraction: tris-saturated phenol
. 35 (750 ul) was added to the cell suspension, and



22 hybridoma cell lines (either HB 11126 or 11127 from ATCC) |,

wher eby anti body secreting cells of the host ani mal were isolated from
| ynphoi d tissue (such as the spl een) and fused with SP2/0-Agl 4 nurine
nyeloma cells 5 in the presence of pol y8t hyl ene glycol, diluted into

sel ective medPBRERAY/ pYaRER FRINGRETGelPTEi §euedcancuseraratgisihgs. 7- 14
days |ater, thenbybeigegaoee! | She agtestal ahagct h@sa@hbkaoelrg%s\h%&%ed
harvested, and purified onvepti onal chni ques. 10

The pol yner asg™ Eﬁa?anEE@t?oﬁ‘(ﬁ%ﬁF E&Feprocegféﬁ WPy FROegdEd

tris(hydr oxymatslnyxlg) ahil paoEtirand soamyukilepnel0 Mbleakbgupldus) la@@trassi um

hl d | | ATP

deT ana Grrevet. BB 5P g dTah st Gl eR R My peipe

[err] ol ar of weaehp‘”@ntli@ss;a&d@erhm s‘;@iqlmﬂj Oattedpld ethgalcdt iamd 0.01%, the
not ed thernosg %Q‘rgnBN%th"zW%% 1 hduk .5: %h%”'éo%(#e‘?&fﬁt) PAE G, TP

nonocl onal anti bo ﬁ%} nolar ratl o
The primers u§e@NAn"*E>§a e gegtarmined@t aﬁﬁﬂo fail’tflhtﬂﬁmiaa—n idettdearison of

HI V-1 DNA (gags thune o Qldaimisaqleeaniffer SEQ ID NO 1:
5' - X—TTTGGTCCTT GT TA cC 3 nd SEQ I D NO 2:
5' - X- ATAMTECAGE @@@@W‘@ﬁ%ﬁﬂ?"%hmr@: 090 ¥k e¥tdht s bi otin

attached to th@chylermdmmmﬁdmaaum doid apd otk ety | ese gl ycol

spacer groups u5|n Q ur | bed J - A- 4,962, 029
The priners f 67 ptei'nrgmaerpp ngsg% Oﬁﬁaéi%ﬁé%é gscejtied;t#@n %? ?—ﬁ‘iﬁldfﬁw? ag
regi on) used igvlkxanpl evds addedwetre esch oPtRwseaction SEktBxr&NOI 300
5'-X—CTAAAGEEiﬁJCCTTTGEWCC TTGTCTTATG TCCAGAATCC- 3 and 35 SEQ ID
NO. 4: )

15 The P-globin high copy target nucleic acid

was obtained in human placental DNA (0.5 mg/ml) which
is assumed to have two copies of the P-globin gene per
cell.

The capture probe for HIV-I DNA was as

20 follows:

SEQ ID NO:7: )
5'-ATCCTGGAAT TAAATAAAAT AGTAAGAATG TATAGCCCTA C-Y-3!

wherein Y comprises two tetraethylene glycol spacers
followed by a single aminediol linking group.

25 ~ The capture probe for PB-globin DNA was as
follows:

SEQ ID NO:8:
5'-CCTCAAACAG ACACCATGGT GCACCTGACT C-Y-3°
wherein Y is as defined above.

30 Capture reagents were prepared by attaching
the capture probes identified above to particles of
poly(styrene-co-3-{p-vinylbenzylthio)propionic acid)
(95:5 molar ratio, 1 pm average diameter) in the
following manner. A suspension of the particles in

35 water was washed twice with 2-(N-



- 23- 5' - X- GATGGATGAC AAATAATCCA CCTATCCCAG TAGGAGAAAT- 3'
wherein X is as defined above. The prinmers for the
anplification and detection of [err]-globin DNA in both exanples were

as 5 follows: SEQ 1 D, NQ 5: " - X= CAMTTCATE. CACGTTCACG: 3! and SEQ
"D NG 6 5 - ACRHRICT CPICAea AR 3 F oM € R P EET s ths e e Bbove.

An avi di n- per ox6 dasencospsgandedokat Eppré@imgbapyi @8 sotommercial |y

avail abl e (Zyne rag okl c J avjidin d

hor ser adi sh pergal g%e?gfg ?i%GOter%lr%fﬁggagg?EQESEEQQa?%ﬁ%%@r%%ioIate
(0.5% in phosphaselbdpf énedhsabiuhé esollQt Lomofas) pmpkar méwefuwith
phosphate amrd 75 W@Dli@ﬁ\eEﬁ?UHmi%@pQUpQQ)) ~-3Teen{hRakpdaiimpepkugat e
concentrati on was _156 Eg/.,. 4 A gﬁsh sol ution gBH 7.4)
cont ai ned sodi URYATOCBABERAS: €2 -hoMdnedi 841Gy Btalates3 AREI &PF, sodi um
chloride (373 mapbabvprikeehplrebmed(9i8r dlopifeddaddettDeml naaepdrdi sodi um
salt (2.5 mmol ar 2 e | nercuri.thi gsalicyl.ic acid,sodi um_salt (25
[err]nolar), wgt&ﬁﬁ'deé@% 5&54%%%5%1é§%§ep§§oﬁw§P§rPFaQE% a2%5bed 20 The
dye- provi di ng canpasieti tdethpHda &wo houmsontidimesitermittent mixing and

4, 5- bi s( 4-dj et hyl ani. yl - (4- hys - xyphenyl )i m dazol e
(250 [err] ?rquT:r I)g%nggl$%%§nyl &%X{Lolldcfl%e ere( f’f%}{r?ﬁolrlg‘rﬁé% %l¥“e)s

di et hyl enet ri amigpentras (hydrcreans tdndeianyoe fheng ol ffrgr, (0.01

4" -hydroxyacet agichiz:de Gy g) cmiarmn@npe&%ﬂﬂéﬁamﬁ%&f&aﬂcmém%% o

1- hydrate (10 nmol ar I V-1 1 ow copy target nucleic

acid was 30 ex@cict i Sqbimm Hea BESI AL Pelmolame qud c@gusnendaghi ch
contains a singlgdJuie0ral efh capyi @f. t Nepdh \ai1 @8 0. 254IdNG as,
conventional _procedures, and followi ng cell |ysi nd protein .
di gestion, Was fGERF P T 2299 heho ?E%I%FQX%ﬁ%w%&t%eéhk(#%d dried 1in
tris-saturated phafidled regions of the microporous membranes
(LOPRODYNET™ polyamide membrane, 5 Hm average pore
size, from Pall Corp.) in the test wells of SURECELLTM
disposable test devices (from Eastman Kodak Company),
20 which are described, for example, in US-aA-4,948,561.
PCR was carried out in disposeble chemical
test packs which contained chambers for individual
reagents and solutions. These chambers were formed
from a sheet of polyester (0.0l cm thickness) coated
25 with polyethylene (SCOTCH PAKT™ from 3M Co.), folded
over to provide a circular chamber 1.3 cm in diameter.
An opening was provided to permit the addition of the
PCR reagent mixture which was drawn into the chamber by
vacuum. The opening was then heat sealed. After
30 amplification, a corner of the chamber was cut, and the
reaction mixture was transferred to a microfuge tube
(0.5 ml) for storage at 4°C until detection of the
products was carried out. The PCR protocol was carried
out using an automated Kodak PCR processor which is



35 (750 [err]l) was added to the cell suspension, and

24 phenol /| ysate sol utions were m xed and separated by

centrifugation. The aqueous phase was then transferred into a fresh 2
m tube. This procedure was repeated dsi ng chl or of orm i soamyl al cohol .
The aqueous | @yggrcvﬁbemsnbrdwgﬁl tjoﬂ O.IS3-ZYF[H Aressodizumsace! atesleNugd ei ¢

aci ds mereip Ci |tated 95@6co|d ethang} and storing at
-70[err] C for T%Hholmet e Y ccechcf rlar% G BT Ve A S t hen

determ ned at A260 and SEre aPCRIi feadoren nixofresaron vegl reob )2 Nundaeresner e

T ) s BT ks Gt

etraacet c acid experinent al
use. A sanpl e QERIgS [@F s okt 1R PPy ta@ﬁﬁjtﬂ%%&% Hdbd to each

PCR reaction mxture (2O§etect1£ﬁr6f|ihe dmplification Dggﬁhéﬁgr% DN%bln

hi gh copy target nucl ei c a,gg,l was . obtai ned in human pl acent a
mg/ M) which theSUBEGEHRY t beRAVESYWBEE OB BsCIFL 1 B T%ﬁr?qub%}ﬂgg%ne per
cell. portion The gaptofetpeobrpl of ithdidn Dod@st ase2Oc b0l | ows:

SEQ I D NGO 7 AAAT I Al GAAT TATA A CGY-3

wherein Y con'dPJr’ére‘ér?V\)bccg ?agl”ﬁg%ng g €é8PG£€§c’&?%9a tYBwed by a

si ngl e anmiPedi dlhydnkgag ghoaphakB, 150 mmolar Fhéivapthlerpdebenfiol

[err]-gl obin QbW et razcBER! DG 8o 7 g 1

L ot acac ARVER BRhy ipnefihiliet et raac wherei noy' 78! ad%del hed

above. 30 and incubapedr etr Qéﬁgnth?r\Aér Bippepar 6@ Bgnatvaehcheg
nucleic acids. The resulting solution was then

transferred to the SURECELL™ test devices to hybridize

15 the amplified target nucleic acids to the immobilized
capture reagents on the membranes at 50°C. The test
wells of the test devices were washed with a solution
(250 ul) of sodium decyl sulfate (1%) in the buffer
solution noted above at 55°C. The avidin-peroxidase

20 conjugate solution (50 pl) was added to each test well
and allowed to flow through the membranes at room
temperature. After two minutes, the test wells were
washed again. The dye-providing composition (100 pl)
was added, and the devices were incubated at room

25 temperature for two minutes. A solution (100 pl) of
sédium azide (0.1%) was added to stop dye development,
and the resulting dye signal was visually graded on a
density scale of 0 to 10 (highest density). Background
readings were obtained from the regions on the

30 membranes where no capture reagent had been deposited.

For Example 2, gel eléctrophoresis was

carried out by adding the amplification product mixture
(6.75 HUl) to agarose gels (4%) which had been
prestained with ethidium bromide (4 ul, 10 mg/ml). The

35 gels were electrophoresed at 160 volts/cm for 1 hour



the capture probes identified above to particles of

pol y[ styrene-co- 3- (p-Vvi nyl benzyl t hi o) propi oni ¢ aci d] (95:5 nol ar
ratio, 1 [err]maverage dianmeter) in the 7 foll owi ng manner. A
suspensi on of the particles in 35 wat e \Was washed twice with 2- (N

25 nmor pholusi) et dmaneseat € popnoaes tls bufi f er (0600 mol Argepdrining), and
suspended to pmately 1Q% sol i A e S& g‘f% 3. ). of (L he: washed
particles, diﬁ%f%géfga g“gﬁfgééﬁgglﬁgé'iﬁT?ﬁe gh¥%érg %_1Wh%|§$ % ﬁhs m xed
with 5 1- (3-dinethydackyoptbpy)amifeosebdcar biooane dend hydr ochl ori de
(2.1 M of 84 : - ap ri p 1 | of
44,44 CO i nanosir & Eaehhi AEEot bipcer SEPRORT! SHASTERELEERY BERAL, o1
50[err]C iR werewaP@PaBaEhtPOROLREUASLr YeWBhh MaTkerPit @nd BRI ng and 10
tce_ntEIh f gged- Es?gaﬁ_t bghats %m@agwﬁhﬁdsg QS??eE' r(r§§|9—merwabg)mv-tx .

ri s(hydroxyne amin an uf,fe : nol ar, cont ai ni ng
(et hyl enedi ni t PN O?PgiﬂigggFFc%or é@ﬁagaPSBH%hn?Ea?tO(EBOéOECﬁﬁFar) and
rﬁSUSpended wit:hebeir@ptr@sé%l)ti(ﬁ'éﬂ 3. d@lﬁ@ﬁtdib;lét bgggtaqa,gaaa%ssol iddfs, 13
the capture reagents re a i 1. err an ried in efi ne
regi ons of ther%PEﬁéﬁ\§§&&§ E&%%&ﬁ&gﬁ& [SI(JB RODYNE[ err] pol yani de
menbrane, 1D [err] m aver aghep®AR protsicod, chrameBabltCanp.the mestie t est
wel I' s of SURE r j )l e test devices (from Eastnan Kodak
Conpany), 20 Cgfl?:cc% g‘%aes ess?rélslgg%%pf or exanple, in US A-4,948,561.

PCR was carried out in di@posdabltaadhafnsdiuration et mgcies awdiasidsc @it ai ned

chambers for iRdod 3 mind&9endmy and sol utions. These chanmbers were
formed from a sheet 5? pol yester (0.01 cmthickness) coated 25 with
pol yet hyl ene (SCOTCH PAK[ ) |4¢ rarssw F), fol ded over to provide a

circular chanber 1.3 cmin di apet &fcoling AN QPYYNRY WNas previded to permt
the addition of the
: seconds,
(2) forming primer extension products at
64° to 68°C, as indicated for noted times,
(3) heating to 95°C over an average
20 period of 6-7 seconds, and

(4) denaturation at 95°C for 3 seconds.



PCR reagent m xture which was drawn into the chanber by vacuum The
openi ng was then heat sealed. After 30 anplification, a corner of the
chanmber was cut, and the reaction r’q ture was transferred to a

m cr of uge tube (0.5 mM) for storage“at 4[err]C until detection of the

products was gaehbed qut. ThereRERprotrocalamwas fdarried of FIoull @sizng an
aut omat ed Kodak PCR processor ] :

DN Hsing Different

-2 6- described in detai t he
heating and cooling protocol Btesnﬁzl_&ﬂﬂia oW, The PCR
reaction mxture contai Refd 2% ,6ORIES demort d@Hitd QAW GRRY Jrar get
nucleic acid and 1 million 5 copies of the [err]-globin hi h copy target

nucl ei ¢ achd. this invention YiGR%§%n %fl‘%"héz%ltiaf-&%& i S @3 usi ng

t he SURECELL[ qhijtly-tresinevieds aasi @ardopd utgdy micddit aacid Rrtion (5
[err]]) of the arrpl ifi catl on Eggoduct reaction mxture wth a buffer

sol ution (10 eSRMY drd I PHoSHHAS, PRSP MMF ar  sodi um
fh|0ii?e and %fncedﬁyﬂéﬂoﬁﬁhgéﬁﬁﬁdtﬁﬂ$@ﬂ®€ﬁr@@©Eéi© acgﬂs pH 7. 4% (95
err and 1 ncubat at. 95l err or 5 mputes to denature_the

nucl ei ¢ aci ds.M Gﬁf’é"f%’%ul&’ﬁgl?a EIP %’)ﬁ Wage  RaRe 182 % BEetPRd°to t he
SURECELL[ gor] _ﬁmﬁe:deyxtessionhyboddcrze a6 6bhe wapl Vareddtaogehenucl eic
actds 10 the 1MODLL T 8F%  inerCABhUER: LERYER! 80004 Be gBOBEARES. @

50[err] C. The ‘the test devices were washe
sol ution {1250r¢suils) sopwaodnufpiéeyl 5alewdt @emv}@strﬁt?hetbaf Hee

sol ution noted,ab b 5@[»6!’: L€esThenav! disn- BREeXI dames2@orCariiaat e
sol ution (50 ?%?rﬁ(flt%as ad 9 tgseach test, well and .al lowed to fl ow

t hr ough the nefEanssoR? leééﬁﬁles Onteeﬁﬁelrﬁib‘rc@ aﬂ?tlétflf:\%lﬁf‘nut es, the test

welI's vierqs orpashedcouaus. tHee ndyer Riopwi diangeeonpesicticon cit0 apar r]!)

vas added,” and {he gevi ces were Lnoubated jat 1 QO 23, AITHYA Y Tor tvo

amplified low copy target nucleic acid is more readily
seen.
Both HIV-I DNA and B—globin DNA were

20 amplified using the primers described above (1 umolar
of each). It can be seen from the results that the
level of inhibition of amplification of the high copy
target nucleic acid was increased as the time for
primer extension was decreased. Moreover, as the

25 concentration of P-globin DNA primers was decreased to
2.5 or more times lower than the concentration of the
HIV-I DNA primers, HIV-I DNA amplification proceeded
more efficiently. At all times for primer extension, a
concentration of B-globin primer was observed below

30 which the high copy target nucleic acid was not
amplified efficiently. Amplifiéation of the high copy
target nucleic acid was more sensitive to primer
concentration when the primer extension times were
shortest (that is, less than about 80 seconds).

35



sodi um azide (0.1% was added to stop dye devel opnent, and the
resulting dye signal was visually graded on a density scale of 0 to 10
(hi ghest density). Background readi ngs were obtained fromthe regions
on the 30 nenbranes where no capture rgggéht had been deposited.

For Exanple 2, gel electrophoresis was Echrried out by addi ng the
anplification product m xture (6.75 [err]l) to agarose gels (4% which
had been prestained with ethigidmbrgp de (4 [err]l, 10 ng/m). The
35 gels were el ectPopheresed at 168 -malts/cmfor 1 hour

-27-~  using anEekeosiophor estenbuhteac(BA0 M) contabyi ngigna1 £t hi dium
brom de (24 [err]l).Tifhe buffer}%ﬁ%éarﬁxture of

t ri s( hydr oxynethyt)anmnorethane—bo+at cara)nd Q}&\,Ill;hn%Nl am r'%'t%]tc?k%ﬂd'bé?l\”b
acid. The resultingh@ag S 5 were congared to nol ecul ar wei ght markers, and
t he product band i,h %nsity was S% red (129-mer tef5H V-1 DNAS and
110-mer for [err]-glohin DNA) on a O té 5 scal e 4w Bh 0 represetitdng no
detectabl e signal, and 5 represigt'ng t he hi ghedt78ignal. 10 0.0

The PCR protocol carried out in the e%% packs va® as follows:0.0
(A) initial denaturation of nucleic10 %%és at 95[%r5]C for 3 miaudes,

and (B) 40 cycles of: 4.5 (1) coobiog to
64-68[err] C over 10-12 seconds, (2) formng
primer extension pro uets at 64[érr] to 68[errkC7Sas indicated.§or
noted tines, . (3P-Beating to 95[&rT]C over an aysrage

20 period of 6-7 seconds, and 0.2 8(2% denaturati gnsat
95[err] C for 3 seconds. 0.1 9.25 0.0
0.05 9.25 0.0

' 0.025 9.5 0.0

40 Sec 1 3.5 9.5

. 0.4 8.5 9.25

) 0.2 9.0 9.25

. 0.1 8.75 5.25

' 0.05 9.0 0.0

" 0.025 8.0 0.0

80 sec 1 8.0 9.75

) 0.4 8.5 9.5

' 0.2 8.75 9.5

0.2 9.0 6.25

! 0.05 9.0 3.25

" 0.025 9.0 0.0

" 0.4 9.25 10.0

' 0.2 9.25 10.0

) 0.1 9.25 9.25

' 0.05 9.25 8.75

" 0.025 9.0 30



Exampl e 1: Met hod for Coanplification of H V-1 DNA

and DNA of [err]-A obin DNA Using Different Pri mer
Level s This exanpl e denonstyates the practice of 5 this
invention to detect a | ow copy target nucleic aC|d (HIV- DNA) when a
hi gh copy tarBeammbel 2ic aciQogpelrfication|igs DA £ semt adeht i
mani pul ating the priner @emﬁgnLraLLQnéffeflp9§h target nuclelc aci ds.
Mor eover, the length of tine use ormation of 10 prinmer extension
products at 65[err]C wa¥h Wér?éamgéetﬁ%mOHStéﬁF%Ettﬁﬁ pEeRBEC@OoAEent rati on
coul d be obsefyed. iASentiohheor peulit stehevRat nidableckehgbpw denonstrat e,

t he use aster C (that short tines for priner

ext ensi ony enﬁg%églﬁﬂgytSE é%g 2 anp efh&gP ﬂ°¥5ta§?FFcP8ﬁE§lFo?ctﬂe hi gh
copy target nushegcpadimdrsabdving difiéezbytt O, edlivesit sPSRgnal so the
signal fromt l;igf i (o] o nore readily
seen. nglClenggp tggre%ﬁﬁgagg Fg%g thg kg%ﬁ&iﬁgeogézo anplified
usi ng the priBEiBedes&tiEehed Oab@e 3( L efeerpidicgr higherotheackhhe My, oén be

seen fromthethgsgkaﬁe&@atf&m%he hlg'he\é%lpyOfta'r@Ié'tthcQ'%l‘%f 2Rl fication of
t he hi gh copy target nucleic acid was .increased as the tine for

primer exi®nsPBReRas e SBLEEd oW Pdo S SVERE 195 é@ﬁéeﬁﬁré@@@ﬁ of
[err]-globin BNA pRiciRIsS MAY dexy ersethd @rimer 2@ @isiRE tiH@Es | ower than

t he concentratlon of the rimers, H.V-1 DNA anmplification
pr oceeded efiscs &f |E€}eeﬁ‘f‘?‘i)_{"l%l°£ IOftp b §1drt Préet 1St ension, a

concentrati on iefcredysida.gl obin primer was observed below 30 which the high

copy target nucleic aci a i fficiently. Anplification
of the hlgh copy ckvwghls examolernufJ fﬁﬁﬁ% wad Predent At 53

copies and P-globin DNA was present at about 106

copies. The primers (SEQ ID NO:5 and SEQ ID NO:6) for
B-globin DNA had Ty values of 64.5 and 67°C,
respectively. The HIV-I DNA primers (SEQ ID NO:3 and
SEQ ID NO:4) had Ty values of 72 and 74°C,
20 respectively. Each primer was present in the PCR
reaction mixture at 1 pmolar and 7.5 units/100 pl of
DNA polymerase were used. PCR was carried out as
- described in the protocol noted above.
The results are shown below in Table II. As
25 the results indicate, both target nucleic acids were
amplified at the lower primer extension temperatures
(64-66°C) in separate reactions, as indicated by the
dye density signals and gel electrophoresis. However,
at those temperatures, the signal from the high copy
30 target nucleic acid was too strong under both "rapid-®
{(i.e. 20 seconds for primer extension) and "slow" (i.e.
120 seconds for primer extension) cycling conditions.
As the primer extension temperature was
increased to 67 and 68°C, the signal from the high copy
35 target nucleic acid decreased slightly under the "slow"



target nucleic acid was nore sensitive to prinmer concentrati on when

5 amplificatgop appeared to ge efficient fprdoth over
th%-%ntire(giﬂgé%égire range, and neithe®Pnhcleic acid 8- 75

025 10 appgaged to have g significant effect on the other. as
the primer extension temperature was increased, the

the prinmer extension tines were shortest (that is, |ess than about 80
seconds). 35 _31- 29

TA3LE I _ err]-globin DNA Primer ~ Primer Extension
Concentration cycling congyeigngnal §ndeTi kpe "rapid” ¢yelihdol ar) H V-1
SNQ [err]-gtoREn: BHAs, Zﬁ@ 8€gnal fr2m7the bigh copy targét2d

0:2 nag#gic acid was ég@reased'51gnificantly.0:§t 68°C, 4.5
0.0 there was fo0Betectable ged. band for the B-8lobin DNA.

8:g25 5 4.5 yhgn theogao t%ggégcnucleic aci§§éwere 1.75
0.2 aBpIsfied in the 3ame reaction mixture (that 1is, 9. 25
0.0 coa p‘ifie%ﬁoﬁsin "slow" ing conditf%é%

0. 025 §°5 9.6 ""a0 Eec ' 3.5
9.

0.

5

0

signal for HIV-I DNA (gel band intensity) increased
slightly while the signal for B-globin DNA decreased.
At 68°C, the two signals were generally equivalent.

15 When the two nucleic acids were amplified at
64°C under "rapid" cycling conditions, amplification
efficiency of HIV-I DNA was reduced considerably such
that there was no detectable HIV~-I DNA dye or
electrophoretic signal. As the primer extension

20 temperature was increased to 67°C, there was a steady
increase in the signal for HIV-I DNA and a reduction of
the P-globin DNA signal so that the signals were
substantially equivalent. When 68°C was used as the
primer extension temperature, the signal for P-globin

25 DNA was completely absent so that the signal for HIV-I
DNA was readily apparent.



80 sec 1 8.0 9.75
0.4 8.5 9.5 0.2 8.75
9.5 0.1 9.95._ 6. 25
0. 05 9.0 3.25 0. 025
9.0 0.0 160 sec TABLE II 9.5 10.0
0.4 9.25 10.0 0.2 9.25
10.0 Denaturacicn®. 1 9. 25 9. 25
0. 05 9. 2Bizer PriBew5 Ge1 394025
9.0 3. Bxtension Extensicn Primers Fresent nte*stgp WEP?(Q Jg 2.
Coan'p| ificati on— T%Uﬁﬁ'mqs‘f ererfive Me| tHEYyg  B-globin  Hiv-1 B-glo‘cinTe‘_ﬁ'p_e-r aﬁf SS”\
of Priners Thi s exanpl e denonstrates the practice of s
i nvention to nodul® tcé f?‘hat i%, se@ecrease) the 5 effdciengy of PGB for,the
hi gh copy target nucl eic acid ° using priners having diffeerenty dlerry 45
val ues. PCR effl CI ency is therefore decreased by carryjong out g 9. 75
prinmer extension rrperat ure higher than the T[err] of the priners
for the high copy9 S%t nucléf ¢%&ci d. *10 Under the condotd ons gof thi g g
invention, that is rapid PCR cycles (e.g* 20 second psiarer exbensmoag
t he effect of the nodul ati on of PCR effiti encylis sincreased. g.25
In this exanple, 5Q\IA vas, gresent at 25 15 copies and [err]-globin
DNA was present at about 106 copi &s. The prirfer8 (SEQW D N@.5 ando SEQ
I D NO 6) for [err]-globin DNA had T[err} val ues® of 63.55 and.67[ era €,
respectively. The HI'V-1 DNA prinmers (SEQ ID NO 3 ahd 3.5 1.25 9.75
95°c/65°¢C 120 sec + 1.125 0.0 8.25 0.0
) + 0.0 4.5 0.0 10
+ + 1.25 4.5 8.5 10
95°c/85°¢C 20 sec + 0.5 0.0 7.25 0.0
) ) + 0.0 3.5 0.0 5.75
+ + 0.25 3.0 6.75 9.75
950C/66°C 120 sec + 1.75 0.0 8.5 0.0
: ) * 0.0 4.5 0.0 10
+ + 1.625 4.5 7.75 9.75
95°c/67°C 20 sec + 0.75 0.0 8.0 0.0
) " 0.0 0.875 0.0 8.25
+ + 0.25 0.75 8.5 7.25
95°C/67°C 129 sec + 2.0 0.0 5.0 0.0
. + 0.0 4.0 0.0  9.75
* 2.0 4.0 8.75 3.5
95°¢/68°C 20 sec + 2.0 0.0 9.25 0.0
) * 0.0 0.0 0.0 1.25
+ + 2.0 0.0 8.5 0.0
95°¢/68°C 120 sec + 3.0 0.0 8.5 0.0



SEQ ID NO 4) had T[err] values of 72 and 74[err]C, 20 respectively. Each
primer was present in the PCR reaction mxture at 1 [err]nolar and 7.5
units/ 100 [err]!l of DNA pol ynerase were used. PCR was carried out as
described in the protocol noted above. -33- The results are
shown below in Table Il. As 25 tdigyg&W hsdridicate, both target nucleic
acids were anplified at the ensi on tenperatures
(64-66[err] O {(in sep¥ERRE LNHEORMBASONas i ndicated by the dye density
signals and gel el @ﬁyroggpgmémT:l—b\/\ever, at those tenperatures, the
signal fromthe high copy 30 target nucleic acid was too strong under both
"rapi d" (i.e. 20 $B¢onNBMEcr pri kBFtBRReKSMABK) CORB2NY| ow' (i . e.

120 seconds for primer grjensm@RETGYC| 338 coAdiet S@RSet As
the primer extension tem%erat re was h i ncreased to 67 and 68[err]C,
the signal fromthe hi gi%opFi™¥5 tar FECPFFEREI ¢ acid decreased slightly
under the "sl ow' (D) STeyrd:i ng dendiYbirdns. Under the "rapi d* cycling
conditions, the signal f(réﬁ\m %’ﬁrﬁgﬁ COR% t ar get nucl eic acid was
decreased significantly.' ™At rr]C, there was no detectable gel band
for the [err]-globin DNAF)5 POSTAL CODBAhen 4&Pd)-t2&91t ar get nucl ei ¢ aci ds

wer e 1 lified (iiqagﬁﬁ%geﬁ% iﬂ\ﬂ]Eﬁ Idﬁ.e HABtp iN?ET%DI% Okc(gfgrrpl i fied)

usi ng "sl'ow' cycling t'1ons, anp cation appeare ef ficient
for both over tERE RERENEL Ale iR Ik L GRalnddN GindTWei PherERENT ei ¢ acid 10
appeared to have a,\gjqiHifd Gaip EGGENEs ened NS LyyiRasE chReNPri mer
extensi on tenperature was increased, the signal for HI\EI (gel band
intensity) increasddEACTI@ jghtly while the signal for [err]-gl obin DNA
decr eased. At 68ery Ifumtbe dmosshgmatiss werg general |y equival ent.

15 (iv) COMPUTER-READABLE FORM:

({A) MEDIUM TYPE: Diskette, 3.5 inch, 1.44
MB storage (IBM)
(B) COMPUTER: 1IBM PS/2
(C) OPERATING SYSTEM: MS-DOS Version 3.3
20 (D) SOFTWARE: PC-8 (Word for Windows)
(v) CURRENT APPLICATION DATA:



15 When the two nucleic acids were anplified at 64[err] C

under "rapid" cycling conditions, anplification efficiency of H V-1 DNA
was reduced consi derably such that there was no detectable H V-1 DNA
dye or el ectrophoretic signal. As th&Zpriner extension 20 tenperature
was increased t0 6AefdhaTihereonas:g steady- increase in the signal
for HV-1 DNA and a reduction of ‘ng [err]-globin DNA signal so that
the signals were () subBRERIGEI F§>RYuTvaf €RtSSWhen 68[err] C was used as
t he pri mer extenS|onﬁteanN@THEe 2Bhﬁu§1ggaicggr [err]-globin 25 DNA
:ﬁ;afggPletely absent so(épatTng S|g &vfgragﬂyh _ggﬁ was readily
TABLE Il Benaturation /(C) PTRANDEDNESS: PBLngie _

ve E?SﬂamE#teﬁBZiSt”ures (oo e Terr] gl obin M-l
[err]-globin HV-I lfbrMPLEFHbﬁnTYQE[erPFGWSE[%@r]ELV I DNRO sec +
é 8 2 8 7(256) HYP@TQETICAL. No . ++
0.0 4.0 6Ty) ANTIGSENSE:g5MNerr] ¢/ 64[err] C 120 sec +
1.5 10. 0 8vp ORIGANBL SOURCE: Synthetically prepared +
0.0 5.0 0. - . ~ + +
1.5 5.0 7.“?%9 IW??E%%%%&WF@ 65EBFr] C 20 Sec +
0.75 0.0 Tvbi) PUBLACBTION INFORMATION: US-A-5,147,777 +
0.0 3.5 0.0. ] ) + +
0 0 3 5 iYiél)SEQ%ﬁgéE DESCRIPTION: SEQ ID NO:1

TTTGGTCCTT GTCTTATGTC CAGAATGC 28

=
w

(3) INFORMATION FOR SEQ ID NO:2
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 nucleotides
({B) TYPE: Nucleic acid
20 (C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear
(1i) MOLECULE TYPE: Primer for HIV-I DNA
(iii) HYPOTHETICAL: No
{iv) ANTI-SENSE: No
25 - (v) ORIGINAL SOURCE: Synthetically prepared
{(vi) IMMEDIATE SOURCE: Same )
(vii) PUBLICATION INFORMATION: US-A-5,147,777
(viii) SEQUENCE DESCRIPTION: SEQ ID NO:2
ATAATCCACC TATCCCAGTA GGAGAAAT 28



NNOWNONNONOOORORWWORO®O

rr]C/65[err]C 120 sec + 1. 125 0.0

5[e

25 .0 + 0.0

0 10 R 1. 25
.5 10 95[err]C66[err]C 207 Sec +

.0 7.25 (4) 0 TNFORMATION FOR SEQ ID NO:3 +

5 0.0 s . N

BARA TERI STI

0 6. 75 %5 g VY 66l er i “%20 sec ¥

75 0.0 (A) 0.GENGTH: 40 nucleotides

0 4.5 0-0 (B) 4@? - Nucleic acid +
. 625 4.5 7.75 9. err%C/ 67£errl 20 sec
75 050 8.0 (C) . @TRAND DNE ing

0 0.875 0.0 (p) 81@BOLOGY: Linear +
'35 0678 ?bl) MOLEZHEE TY%E[eﬁEbC%6g&£ pllmer 120 sec
0 4.0 0iDi) HYPOTHBETICAL: No +
0 4.0 8. - Slegp]l G 68[err]C 20 sec

0 0.0 o 359 anTg-FensEl °hb

(o} .0 Ovl) ORIGINZL SOURCE: Synthetically prepared +
8 8 8 Qg?) IMME%IQTE YehricEl. ¢ egherrlc 120 sec
0 3.5 ngl)PUBthQ?ION INFORMATION: None +
5 f 0 (Q;zm)SEdbéﬁCE DESCRIPTION: SEQ ID NO:3

CcT AAGGGTT CCTTTGGTCC TTGTCTTATG TCCAGARATGC 40
15 '
{(5) INFORMATION FOR SEQ ID NO:4 .
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 40 nucleotides
{(B) TYPE: Nucleic acid
20 (C) STRANDEDNESS: Single
} (D) TOPOLOGY: Linear
{(ii) MOLECULE TYPE: Primer for HIV-I DNA
(iii) HYPOTHETICAL: No
(iv) ANTI-SENSE: No
25 ) (v) ORIGINAL SOURCE: Synthetically -prepared
(vi) IMMEDIATE SOURCE: Same
(vii) PUBLICATICON INFORMATION: None
(viii) SEQUENCE DESCRIPTION: SEQ ID NO:4
GATGGATGAC AAATAATCCA CCTATCCCAG TAGGAGAAAT 40
30

EQUENCE L STI NG GENERAL | NFORNMVATI ON i ). APPLI CANT:

g1 o

0.5

S

0. 25



(A) NAME: East man Kodak Conpany 5 (B) STREET: 343 State

Street (O dadTYy: Rochest er (D) STATE:

New Yor k (E) COUNTRY: USAg.- (F) POSTAL CODE:
14650- 2201 10 (ii) TITLE OF THE IN\/ENTI ON:  RAPI D METHOD FOR
PREFERENTI AL QCMNPLIIWQB&T%H\DI@:FQWDL FEERERT> NUCLEI C ACI D
SEQUENCES USI NG PO_YMERADSEF, CHARACTE \Mim (iii) NUMBER OF
SEQUENCES: 8 15 (Tv CC]VPUTER— 5 DABLE F( (A

MEDI UM TYPE: Diskette, 3{&)inkRNGTHa4

nucleoty es MB storage (1BM

(B) COWUTER IBMPS/2 (g) TYPE: MNutCriEOPERAIING SYSTEM Ms-DOS Version
3.3 20 (D) SOFTWARE: - 8.(\Word.for W ndows) (v)
CURRENT APPLI CATI ON DATA!C) %’*NDEBN“S%z gﬂ MATI ON FOR SEQ | D NO

(i) SEQUENCE CHARACTERI $D) CSTOPOLOGY: LineafA) LENGTH: 28 nucl eoti des

B TYPE: Nucl d L Shrg!
(D) TOCLOGY 11 pear 150 MOUECULE g (RSt e RERSos s SORLE,

(iii) HYPOTHETI CAL: (Nol) HVPOTHE(I]I\@ALANTINOSENSE. No 10 (V) OR|G|NAL
SOURCE: ~ Synt heti cal/ly,\pngpar@dnse: No (Vi) | MVEDI ATE SOURCE:  Sane
10 (v) ORIGINAL SOURCE: Synthetically prepared

(vi) IMMEDIATE SOURCE: Same
(vii) PUBLICATION INFORMATION: US-A-5,147,777
(viii)SEQUENCE DESCRIPTION: SEQ ID NO:5
CAACTTCATC CACGTTCACC 20
15
{7) INFORMATION FOR SEQ ID NO:6
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 nucleotides
(B) TYPE: Nucleic acid
20 {C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear
(iiﬁ MOLECULE TYPE: Primer for P-globin DNA
(iii) HYPOTHETICAL: No
(iv) ANTI-SENSE: No
25 (v) ORIGINAL SOURCE: Synthetically prepared
(vi) IMMEDIATE SOURCE: Same
(vii) PUBLICATION INFORMATION: US-A-5,147,777
(viii) SEQUENCE DESCRIPTION: SEQ ID NO:6
ACACAACTGT GTTCACTAGC 20

30



(vii)PUBLI CATI ON | NFORVATI ON:  US- A-5, 147, 777 (viii)SEQUENCE

DESCRI PTION: SEQ I D NO 1 TTTGGTCCTT GTCTTATGIC CAGAATGC 28
15 (3) | NFORMATI ON FOR SEQ I D NO 2 (i) SEQUENCE
CHARACTERI STI CS: (A) LENGT# ~28 nucl eot i des

(B) TYPE: Nucl gg¢ aghgoz®arzon FOR SEQ Gp nSLRANDEDNESS:  Single
(D) TOPOLOGY: Linear SEQUENCE gdgagﬁ%ﬁg E_TYPE: Prinmer for H V-1 DNA

(iii) HYPOTHETI CAL: ‘Rd ~ISENSE:: No 25 (V)
ORI G NAL SOURCE: Synt het(iagal InEN®#®par &d nucleotidggwvi) | MVEDI ATE SOURCE:
Sane (Vi i) PUBLI CATI IFORMATI QN: - A-5, 147, 777
(viii)SEQUENCE DESCRI PTI O’ s%ﬂl% @Ygéleq\é acfa ATAATCCACC
TATCCCAGTA TGAGAAAT 28  (C) STRANDEDNESS: Single - 35- (4)
| NFORMATI ON FOR SEQ 1D NQB  ropoLocti) 1 SRQUENCE CHARACTER! STI CS:

(A) LENGTH: 40 nucl eoti des B) TYPE: Nucleic acid 5

(C) STRANDEDNESS: (SiingMOLECULE TYPE: H%\D)I TRYROLRIBRE Li near (ii)

MOLECULE TYPE: HI V-1(iONA pfys®reeTICAL: Nbii) HYPOTHETI CAL: No
(1v) ANTI - SENSE: (iv) ANTI-SENSE: No
10 {(v) ORIGINAL SOURCE: Synthetically prepared
(vi) IMMEDIATE SOURCE: Same
(vii) PUBLICATION INFORMATION: US-A-5,147,777
(viii) SEQUENCE DESCRIPTION: SEQ ID NO:7
ATCCTGGAAT TAAATAAAAT AGTAAGAATG TATAGCCCTA C 41
15
(9) INFORMATION FOR SEQ ID NO:8
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 nucleotides
(B) TYPE: Nucleic acid
20 (C) STRANDEDNESS: Single
{D) TOPOLOGY : Linear
(ii) MOLECULE TYPE: Probe for P-globin DNA
{iii) HYPOTHETICAL: No
(iv) ANTI-SENSE: No
25 (v) ORIGINAL SOURCE: Synthetically prepared
(vi) IMMEDIATE SOURCE: Same
{vii) PUBLICATION INFORMATION: US-A-5,147,777
(viii) SEQUENCE DESCRIPTICN: SEQ ID NO:8
CCTCAAACAG ACACCATGGT GCACCTGACT C 31



10 (v) ORIG@ NAL SOURCE: Synthetically prepared Vi

| MVEDI ATE SOURCE: Sane (Vi i) PUBLI CATI ON |W
(viii)SEQUENCE DESCRI PTION: SEQ ID NO 3 CcT !

TTGTCTTATG TCCAGAATGC 40 15 (5) I'NFORVATI ON FOR SEQ I'D NO 4

(1) SEQUENCE THARASTERI STI CS: (A) LENGTH: 40 nucl eoti des

(B) TYPE: Nucleic acid 0 . (0 T =INESS:. _Single .
(D) TOPOLOGY: Li near 2 rf‘fi‘?ﬁ"_jwb%ECﬁ[‘E %ggbrléugﬁéﬁ 5 H"@-P‘DNA
(i1i) HYPOTHETRGAE: tRisget nucleic(ipg)cANFP- SERSELhRor23ative yigwys

R G NAL SOURGE _ag%gsmm%ac ronuRtepaked requlated cotiph ils¥MEDALE SOURCE:
ane VI |

EgFLICA | ON | NFORVATI ON: None (vi1i)SEQUENCE
DESCRI PTI ON  SEEFPP R&°4 GATGGATGAC AAATAATCCA CCTATCCCAG

TAGGAGAAT 40 30 A) heating a sample suspected of -d¥firtaining &wo
RO PO S0l DS ructen adide, SRUEISE GRICTERAN S
identified as a high copy target nucleic acid which is
suspected of being present at substantially higher
10 concentration than the low copy nucleic acids suspected
of being present, at least one of which is a low copy
target nucleic acid,

the heating being carried out at a first
temperature of from 85 to 100°C for from 1 to 40

15 seconds to denature the strands of the high copy target
and low copy target nucleic acids, '

B) priming the denatured strands with a set of
primers specific to and hybridizable with opposing
strands of each target nucleic acid to be amplified, by

20 cooling to a second temperature, T, which is defined
as:
(Tgp -15)°C € Ty £ (Tpp, + 5)°C
wherein Tpy, is the melting temperature of the primers
for the low copy target nucleic acid, over a time
25 period of from 5 to 20 seconds,
C) forming primer extension products in the
presence of
1) a thermostable DNA polymerase present in
an amount of at least 5 units/100 pl of
30 solution, and
2) two or more deoxyribonucleotide-5'-
triphosphates present in amounts effective
for DNA polymerization,

This Sheet Has Been Replaced




Ei near 9 (i ?;Rog_DE%EESTYPEI ng:D(rai mer for [err] wmuwjmj" |!I|
%

(iii) HYPOTHETI CAL: No (iv) ANFBSSENSE: No 10

ORI G NAL SOURCE: Synthetjcally. prepared . ... . (Vi) |,MVED ATE SOURCE:
Sane (vi i) PUBLTCA r&(?ﬁﬁrﬁlfo%lr\mmﬁzo_“ug R¥s STf7r =77 on TOr

(viii) SEQUENCErDESCRIRTIEON:seSEQY BN@ Shirc temperature, T3, GANGFTCATC

CACGTTCACC 20 .15 ... _4{7).. | NFORMATION FOR SEQ ID NO. 6 (i)
SEQUENCE G%RAET%%‘éﬂeéza)s' (A) LENGTH: 20 nucl eoti des

(B) TYPE: Nucleic acid 20Tmr - 15)°C S8y SSIRANDEDNESS:. Single

(D) TOPOLGHY: Lineahe ratio of tXeéig¢oMIMGAE JYREE Hhé n®Friddd 10w
[err]-gl obin DNA

| 11) HYPOTHETI.CAL: No . (1v)
ANTI - SENSE: N&OPY25-arget n\(%elé??@%‘tos‘&‘ﬁz@?ar%Q hePPeat t 52 pt@par ed
(vi) | MVEDI ATl SURCEInSaireed low copy tatrgdt Pubtl&AT| O & NGORMATE Ebkn
XgAéAiCTé§7é;%%£E%Aﬁi:%05' é%gll)SECUENCE DESCRI PTION:. SEQ ID NG 6
the ratio of the concentration of the primed high

i0 copy target nucleic acid to the starting concentration
of the unprimed high copy target nucleic acid being
from 0.9 to 0.01,

D) heating the primer extension products to the
first temperature over a period of time of from 5 to 20
15 seconds and keeping the products at the temperature for
from 1 to 40 seconds, and
E) repeating steps B through D seguentially as a
cycle at least once wherein each cycle of steps'B
" through D is carried out from 20 to 90 seconds.

20 2. The method as claimed in claim 1 wherein
the concentration of each brimer for the high copy
target nucleic acid is within the raﬁge of from 0.01 to
0.8 pmolar and the concentration of each primer for the
low copy target nucleic acid is within the range of

25 from 0.1 to 10 umolar.

3. The method as claimed in either of
claims 1 and 2 wherein the difference, AT, between the
Trr, @nd Trpy is from 2 to 6°C, wherein Tpy is the
melting temperature for the high copy target nucleic

30 acid, and

both T, and T3 are between Ty, and Tpy or
equal to either Tpy, Or Thyy-

4. The method as claimed in any of claims 1
to 3 wherein T is defined as:
35 (T, - 5)°C £ Ty £ (T + 2)°C,
75 g

i



- 37- (8) | NFORVATI ON FOR SEQ I D NO. 7 (i) SEQUENCE
TVPE  Nuclei G acid 5 (A e memmesect ! S Y <=
(D) TOPOLOGY: Li near (ii) MOLEGYWOE TYPE: H V-1*DNA probe °

(iii) HYPOTHETI ogt: No_ ... (iv) ANTI-SENSE: No 10 (v) ORI G NAL
SOURCE:  Synt h&(i%cdid y Sorepareef &° (vi) | MVEDI ATE SOURCE: Same

(vii) PUBLI CATI ON | NFORVATI Oy, US- B SC 1277 Y79 (Trp, + 2) YQvi i i ) SEQUENCE
DESCRI PTION: SEQ ID NO 7 T TAA T T
TATAGCCCTA C 41 15 ) |Nﬁﬁﬁ%&%%%§rwa§m?ﬁ
SEQUENCE CHARACTERI $teg®:in the concentratio) QENGRH pBiImericl®otdates

(B) TYPE: Nycleitpod h@Qieic acid to €K& s&; DNERSnt A S of

(D) TOPOLOGY: Linear L (1) MOLECULE TYP . Probe for [erk%-globin
DNA (519 JUHVPOTRETT GALSORY target nuciey§ a@pd - SENSEOM NG 25
(v) ORIG NAL SQJRCE, &yathetically prepared (vi) 1 MVEDI ATE

SR SR cescrion B AT LRI oA A Bl 20
copy target nucleic acid to the starting concentration

10 of the unprimed high copy target nucleic acid is from
0.5 to 0.25.

6. The method as claimed in any of claims 1
to 5 wherein one or both of the primers specific for
the target low copy nucleic acid are biotinylated, and

15 detection of the target low copy nucleic acid is
carried out by capturing the resulting amplified
bicotinylated strand using an insolubilized
oligonucleotide complementary thereto, and detecting
the biotinylated strand with detectably labeled avidin.

20 7. The method as claimed in any of claims 1
to 6 wherein Ty and T3 are the same.

8. The method as claimed in any of claims 1
to 7 wherein the high copy target nucleic acid is a
positive control.

25 9. The method as claimed in any of claims 1
to 8 wherein the thermostable DNA polymerase is present
at a concentration of from 7 to 20 units/100 ul of
solution, and the concentration of each primer specific
for the low copy target nucleic acid is from 0.1 to 2

30 umolar. _

10. -The method as claimed in any of claims 1
to 9 further comprising the step:

- F) detecting the amplified low copy target
nucleic acid after the last cycle of steps B) through

This Sheet Has Been Replaced
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CCTCAAACAG ACACCATGGT GCACCTGACT C 31
i 45 so that "the relative yiel do of anplificd produci INGIAMG Iﬂﬁllllf Eﬂlle' i

conpri-sing the steps of: A) heat i mg-a sanpl e sldspécted bf ¢ *
contalnlng two g pore.tan Lei¢_a Gi.ds mhqreln at | east one of which
is a high copy naner {gr gggnuglglc aC|d%éﬁd at™ E&SY GRESSE WRICARCs a

| ow copy nunberaﬁaﬁgéﬂtﬁuélQaﬁunnaxp*obe t he heating being carried out
at a first tenperature of from85 to 100[err]C for from1l to 40 seconds,
to denature the strands of the target nucleic acids, B) prim ng
the denatured strands with a set of prinmers specific to and hybridizable
wi t h opposi ng strands of each target nucleic acid, by cooling to a second
tenperature, T2, which is defined as:

(T[err]-15)[err]C [err] T2 [err] (T[err]+5)[err]C wherein T[err] is the
nmelting tenperature of a priner for the | aw copy nunber target nucleic
acid and the concentration of each priner for the high copy



nunber target nucleic acid is within a range of fromO0.01 to 0.8[err]M and
the concentration of each priner for the | ow copy nunber target nucleic
acidis wthinarange of from0.1 to 10 [err]M over a tinme period fromb5

to 20 seconds, (@) form ng prinmer-4xtension products in the
presence of ”;%_ awthernD$tapIe_gpﬁ(golynerase present in an
anount of at |east 5 uhi'®8s 18] er ri{Mb¥!'d6l Ut i'on, and

2) two or nore deoxyrbbonyol eesrde:s'- tuphosphat esspreseat.s in
anounts effective for DNA polynerization, .the products..being forned

39 by i ncubati on ofuﬁﬁg§1kéfoJ 0" 8&conds ‘at “a "t hi'rd tenperat ure,

T3, which : is defined as: Abstract

(T[err]-15)[err]C [err] T3 [err] (T[err]+1 5)[err]C D) heat i ng

the prinmer extension products to the first tenperature over a period of
H T . H 3 o= -~ won 1 ¢ &8 gl —~ 4 - M

time from5 to 20 secondsMandekeepicigst f@npEadaEPs ~at etihénct especatsr e for

1 to 40 SeCO”dsuSﬁ?{%Q 2 very rBbid [RASKLNAGSLERS B hreygh Breequentd ally

as a cycle at |east”once - _ o
in which two different nucleic aclc szguences zare
present. Tnis method allows c¢ne tc preferentially

10 mnodulate (for example, suppresi! the degree of

amplification of one or mcre nuclelc acid seqguences
relative tc other nucleic acid segusnces This

modulation is achieved by explciting cifferences in the
relative primer melt temperatires, cr by using certain

15 ratios of primers. Each PCR cycle s very fast, theat
is less than 90 seconds. This methocd 1s particularly
useful for amplification and cetecticn of DNA
associated with infectious agesnis thel may be present
in a specimen in very small guantities compared to

20 other nontargeted nucleic acics.
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wherei n each cycle of steps B through Dis carried out from20 to 90

seconds.
[err]T, betvveen
is the nelting teTrpecr

both T2 and T3 are between Tfer*r

T[err].
defi ned as:

3.

iy

as clainmed in claiml wherein the difference,
[err] is from2 to 6[err]C, wherein T[err].
gét nucl ei c aci dx and

(T[err]+2)]

(T[err]

-5)[err]C [err] Tlerr]

e - high copy tar =
and T[e8r] or equal to either T[err] or
The nethod as clainmed in clains 1 and 2 wherein T2 is
(T[err]-5)[err]C [err] T2 [err]
e%%%g$§ and T3 is defined as: /7)1
[err] (T[err]+2)[err]C. 4. The net hod
as clainmed in clains 1 to 3 wherein one or both of the priners specific
for the target | owrmethodioctiel smplifichtionafitivotormybrt edgetandleic atieistscothadf
| ow copy nucleic acid is carried out by capturing the resulting

t he target

ng I Tied bi gl iaydtRieSfleRis'AAthpIRiEA Drédudte ard HYUI4t68 LoPhdrBiYy Heestbbsler:

A)

heating a sample suspected of containing two or more target

nucleic acids wherein at least one of which is a high copy number target nucleic

acid and at least one of which is a low copy number target nucleic acid,

the heating being carried out at a first temperature of from 85 to 100°C

B)

for from 1 to 40 seconds, to denature the strands of the target nucleic acids,

priming the denatured strands with a set of primers specific to and

hybridizable with opposing strands of each target nucleic acid, by cooling to a

second temperature, T2, which is defined as:

(Tem-15)°C < T2 2 (T +5)°C

wherein Ty is the melting temperature of a primer for the law copy number

target nucleic acid and the concentration of each primer for the high copy

number target nucleic acid is within a range of from 0.01 to 0.8uM and the

concentration of each primer for the low copy number target nucleic acid is

within a range of from 0.1 to 10uM, over a time period from 5 to 20 seconds,

C)

forming primer extension products in the presence of

1

a thermostable DNA polymerase present in an amount of

at least 5 units/100pL of solution, and

2)

two or more deoxyribonucleoside-5'-triphosphates present

in amounts effective for DNA polymerization, the products being formed

Cp!acemum
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conpl enmentary thereto, and detecting the biotinylated strand with

detectably |abel ed avidin. 5. The nmethod as clai ned i nl,mum

1 to 4 wherein T2 and T3 are the sane. 6. The net hod !m,m”m
any of claims 1 to 5 wherein the high copy target nucleic acid ista

positive control. 7. The nethod as cdeained in any of clains 1 to 6
wherein the thernostable DNA polynerase is present at a concentratlon of

from7 to 20 unit ] t ach
primer specific &&Wﬁéﬂq‘?@h (%foff)@{-'t afo @'S‘eﬁﬁﬂ‘?%?ga ‘Eﬁég tgf% 1?] ﬁ
[err] nol ar. The net hod as clal med in any of clalms l1to7 further
conprising the stse(ﬁ)e Hred as: F) detecting the anplified | ow copy
target nucleic acid after the last cycle of steps B) through D) by

hybri di zing the anplified | ow d6py15b"|Cg‘éfT3rmtTn&r*&5)°§C| d with a capture

pr obe.

D) heating the primer extension products to the first temperature
over a period of time from 5 to 20 seconds and keeping the products at the
temperature for 1 to 40 seconds, and

E) repeating steps B through D sequentially as a cycle at least once

wherein each cycle of steps B through D is carried out from 20 to 90 seconds.

2. The method as claimed in claim 1 wherein the difference, AT, between
the T and Ty is from 2 to 6°C, wherein Ty is the melting temperature for the

high copy target nucleic acid, and

both T2 and T3 are between T and Tmn or equal to either T or Tron.

3. The method as claimed in claims 1 and 2 wherein T2 is defined as:
(Tmi-5)°C £ T2 < (T +2)°C,
and T3 is defined as:

(Tmi-5)°C < T3 < (Tm+2)°C.

4. The method as claimed in claims 1 to 3 wherein one or both of the
primers specific for the target low copy nucleic acid are biotinylated, and
detection of the target low copy nucleic acid is carried out by capturing the

resulting amplified biotinylated strand using an insolubilized oligonucleotide

is i acement sheet
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-41- D) by hybridizing the amplified low copy target nucleic acid with a

captne preve (A A R

40 S Lo m o

complementary thereto, and detecting the biotinylated strand with detectably

labeled avidin.

5. The method as claimed in any of claims 1 to 4 wherein T and T3 are the
same.

6. The method as claimed in any of claims 1 to 5 wherein the high copy

target nucleic acid is a positive control.

7. The method as claimed in any of claims 1 to 6 wherein the thermostable
DNA polymerase is present at a concentration of from 7 to 20 units/100 pl of
solution, and the concentration of each primer specific for the low copy target

nucleic acid is from 0.1 to 2 umolar.

8. The method as claimed in any of claims 1 to 7 further comprising the
step of:

F) detecting the amplified low copy target nucleic acid after the last
cycle of steps B) through D) by hybridizing the amplified low copy target nucleic

acid with a capture probe.

This is the replacement sheet

Date:
43 JuL 1999




