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PRI MER- TARGET M SMATCH AT THE PRI MER 3' END The present invention rel ates
to a method for anplification of a predeterm ned nucleic acid. It is
-particularly directed to a method for anplification and detection of that
nucleic acid wusing a certain priner and the polynerase chain reaction.
The i nvention can be used to detect nueleic acids associated with genomc,
bacterial or viral DNA or RNA. Nucleic acid probe technol ogy has devel oped
rapidly in recent years as researchers have discovered its val ue
for-detection of DEAGHOSTIC ANRSAMPLDF JGATSOR METBEDEt OVEREakuNes Which are

present in very snglpRgM?@If ; i : use of probes is

based upon the concept 0 c%%%?%n@%?%ﬁf?@.E?ﬂ?%ﬁm?%ﬂaﬁ%mg sgwgnds are

bound to each other byhey@re§en thdmienidioneere latmsl eveat athoducl eot i des

(al so known aFoRuUGHRQUIEIeaRAbRShE Eh%r%tg)%}g'n% BBy g5t abl e, but
y CO

the strands g%n be se¥ﬁraﬁed or. denature ndi tions I"ch di srupt
the hydrogen B&ndingaTFREULEFAXsEdresiteg &oser meddodi EoTr eassoci at e only
wi th anot her aspilafdchatibngandcaepeer?phaby %ﬁﬁ%eﬁﬁélgﬁc.%EQBGOtideS- Thi s

hybri di zati on ess cur.in. solution or, on a solid substrate. RNA
is usually sfﬁgﬂg-gthggég. PFLIRSE 8R4, thehPPAYRETASENCAAdRher strand or

Forti?n thFreﬁﬁaﬂﬁﬁon-ha§ha ¢nnphemant&gn bse?uéﬂfﬁooafﬂéékeoFideS- A I
arget nucleig s c r of a.target _organismor ce
ué?F?c gggag Esg§c?%@é?oyégﬁégFﬁﬂB}°$o BRLETIAL OTyery

may be only a sma portion o
difficult to YéFedt DNAsOBr RN&nce using nost known |abel ed DNA probes. Mich

research has been carrNgdieic acid probe technology has developed
rapidly in recent years as researchers have
discovered its value for -detection of various
giseases, organisms or genetic features which are
Present in very small quantities in a test szmple.
The use of probes is based upon the concept of
complementarity. In DNA the two strands are bound to
each other by hydrogen bonds between complementary
nucleotides (also known as nucleotide pairs).

The DNA complex 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
strand having a complementary sequence of
nucleotides. This hybridization Process can occur in
solution or on & solid substrate. RNA is usually
single—stranded. It can also hybridize with another
strand or portion thereof which has a complementary
sequence of nucleotides.

A target nucleic acid sequence of DNA or RNA
of a target organism or cell may be only a small
portion of the total strand, so that it is very
difficult to detect its presence using most known
labeled DNA probes. Much research has been carried
out to overcome this problem including improvements
in probe sensitivity and synthesis of nucleic acids.



out to overcone thi's problem-irnctudi ng i nprovenents “i n" probe fgnsL;ithy

and synthesis of nucleic acids. 2('.1 - . 80t, t -2 Asignif ant ' alvance
inthe art is described in US A-4,683,195 and US- A-4, 683,202. Wthout
going into extensive detail, these patents describe an anplification

met hod wherein priners are hybridized to nucleic acid tenplates in the
presence of a polynerization agent (such as a pol ynerase) and four

nucl eoti de tri phosphates, and extension'ﬁ?bducts are fornmed fromthe
prinmers. These products are- denatured and used as tenplates in a cycling

reaction which anmplifiegs the anbeé a$d annugt ﬁé exigting nucl ei ¢ aci ds
to facilitate their subSeft@RtiiGREEEFBAICHNEaFREi #FEatfon et hod can be
carried out cygescchbéqd hs UBni-—4| 683, h35desdres-Ac4pédBuz@2a | arger

gquantity of d e ri f | | un t ucleic acid
sequence. In t ggéag#i%ggégi%ﬁ{%e%%g%g%gg%r?%E%ggboégggeta%ggr$%ers are
used for the td¢gerihecani amptifiication mephodi eberebsi pninéranaeefici ent

diagnostic  asppyr PagedaUpgnblfe PO! ¥ERAAEEnGTALDs eACLHOprogoRadS Oreat |y
on the efficiency wth which the priners hybridize with the target nucleic
acid. In the DEst Bakemenizakbenfagentohsuéheadue| RPEYBETESEel@nce to be

anplified is cpopteh@tYe6§00BE CFEIPREYphHLES, L BRAPEXKEBAS18h pESSLcHgar the
3'" end of the target sgqgence wher e ext ensi gn mnllsgécur. hus, only one
d

prinmer per str3h@ FRIRGEJEECRoFDRFPELERTR- afPEERi BRPABATSI 785 known from
the art that wiemetutéé andoesedeguebempiatest ianki cpbyikgonvacaioheast at

the 5 end 2 GOl LeCkhof Ple8" LAE" Sullg¥t "dnd' bnoBRESLE! ExE8ERRg VAT ations
nucleic acids to facilitate their subsequent
detection. The amplification method can be carried
out cyclically as many times as desired to produce a
larger quantity of detectable material from a small
amount of target nucleic acid sequence.

In the amplification method described above,
two primers are used for the target nucleic acid to
be amplified. Design of an efficient diagnostic

- assay based upon the polymerase chain reaction
depends greatly on the efficiency with which the
primers hybridize with the target nucleic acid. In
the best case for amplification, the nucleic acid
sequence to be amplified is completely complementary
with the primer, at least near the 3' end of the
target sequence where extension will occur. Thus,
only one primer per strand is needed for effective
amplification. It is known from the art that where
the target sequence i3 not entirely known, at least
at the 3' end, a collection of primers having all
possible codon variations can be used in order to
have at least one primer which is completely
complementary.

The use of a collection of primers may be
used to accomplish the amplification process desired,
but it is impractical due to its expense and may be



have at | east one-priner-which-is conpletely conplenentary. The use of a o

collection of primers may be used to acconplish the anplificaRi2oQlpr @é8ss
desired, but it is inpractical due to its expense and may be 2 8 OCT 2003
-3 inefficient or ineffective in many instances. The preparation of the
collection of randompriners is wasteful and |leads to the use of
conpetitive non-extending priners. Mreover, the-greater the uncertainty
of the target nucl eotide sequence, the cojlection of priners needed is
greatly enlarged. Viral genones, particularly those of RNA viruses and
retroviruses, contain nmultiple base alterations, additions, dupli-cations
and del etions. imréfdadeabi brt yneffehesoevithusanyhanskaneeattrifhgted to

the low fidelit of ep freadin functions of pol ynerases
responsi bl e for¥Fg§ F%E??gngf(éﬁg %?Zgﬁﬁg&QP 8& EPPdRWnP%ﬁ@9FSMiérobiol.,
41, pp. 409-43%831988}. apdptesdd toutbs abei nfecbmpetitivber increase
variability. Thgepftégebag®heS I at § gt natural history of

i nfection of a a?ven virugﬁgigegﬁgggbeghﬁgﬁﬁﬁego EgeuﬁagﬁgFBOHEeThus, in
the detection ofRBTER&BEReOEStIRALaTEBIM Nutlevitideesequbacear ghe nucl ei c

acid s highly cubleabien 8RlpEoHPLE! RobER! 1LY gk8aRey BhYGYgLlNOWN. W Lh
H V-1, for exanple, a vaiieti of sequences in F € génone pr GUces a viable
virus. Base substitutiohsT&teBRNOURSt oPBEEEFUARTLENEBABANEE RNAquent
intervals over vheusesiardgeeprevidhyss, ebht8iANhultepbabesagee likely to
have viral DNA wphigh, ggxg ﬁ%%éf{ﬁnt nu Ieig acid sequences which could
lead to mi smat ches b Ot 1 PFnt ¥Blpcatioghs) eRentatgtianen
m smat ches wi | | Th®neeubabbl ity colficthebe viruses has been attributed

to the low fidelity and lack of proofreading

functions of polymerases responsible for replication

(see Steinhauer et al, Ann. Rev. Microbiol., 41, pp.

409—-433, 1986). Repeated rounds of infection further

increase variability. The effects of such variations

in the natural history of infection of a given virus

is only beginning to be understood.

Thus, in the detection of heterogeneous DNA

from retroviruses, the target nucleic acid is highly

variable, and complete identity is not always known.

‘With HIV-I, for example, a variety of sequences in

the genome produces a viable virus. Base

substitutions are known to occur at random and

frequent intervals over the entire genome. Thus,

different isolates are likely to have viral DNA which

ha?e different nucleic acid sequences which could

lead to mismatches with primers thought to be

complementary.

Such mismatches will considerably reduce the
efficiency of amplification by primers, especially
when the mismatch between target and primer occurs at
or near the 3' end of the primer. In other words,
mismatches lead to a slowing down of the
amplification process because the kinetics of priming
and primer extension are changed (see for example,



efficiency of anplification by priners, especially when the niggﬁxgh Zgﬁ

bet ween target and priner occurs at or near the 31 end of the ' Th

ot her words, mismatches lead to a slowing down of the anplification
process because the kinetics of primng and primer extension are changed
(see for exanple, 2 8 OG 11 2003 -4 Tinoco, Jr., Proc. Nat. Acad.
Sci.(USA), A5, 6252, 1988). In the worst case, no anplification wll
occur as the primer fails to attach to the target, or if it attaches,
formati on of an extension product is inhibited (that is, the priner
"msfires"). It would be desirable to have an efficient neans for

anplifying angjdet.ectijng ngglei ¢ agi dg\c VEN éif me iB% a6r§'552rrat ch between
a targeted se uence’of 'fhe*nuéfefcﬁmn4§7ﬁn¥1rﬁ577m}’at”or nedar the 31 end
of the priner 1988¢ -pr 3B &henwoss tals@se \winch ampdtdtictadsi oroatidhr i ng at the 31
end of the priggRur &sOtHeCPFmeSiFdd 13 TR G d RN WA, Igast one

nucleic acid %ﬁgpr|5|ng: . contacting a specinen conprising a_ nucleic
acid with a phitngrt E&HsESesHof otagd ipn” afhanmxtansiaf Anadikdodd v,
contacting thdnpieditean (Whigh asRoltwee pragldrommaFitregyder conditions such

' that the primer comfdsMBrOd beofalratiel &h Mavs &t SERRAIRTE whi ch (o
conpl enent ar y meanz Sequemnpd 1dfy ihige andcldeitecading inucleder aqiek tevem except a
Singlo ot af el 187 mIdBREeR 5 st A SE e TR B nuc i c
aci d sequencethehaugiliedher aicddi agda a pordimeat iate omi tear tthe @ 'nershse in the
position of tlk¢ the primer.
The problem noted above with mismatches
occurring at the 3' end of the primer is overcome
using a method for amplifying at least one nucleic
acid comprising:
A. contacting a specimen comprising a
nucleic acid with a primer composition, and
B. substantially simultaneously,
contacting the specimen with a polymerization agent
under conditions such that the nucleic acid is
amplified in the resulting mixture,
characterized in that the primer composition
consists essentially of a primer which is
complementary to a sequence of the nucleic acid in
every position except a single position at or near
the 3*' end of the primer, resulting in a single
mi?%gtch at the single position between the primer
aﬁé?the nucleic acid sequence, the primer having a
nucleotide with a thymine base in the position of the
mismatch.
Moreover, a method for the detection of a
nucleic acid is provided which comprises:
A, contacting a specimen comprising a
nucleic acid with a primer composition,
80 a3 to form hybridized products of the
primer and the nucleic acid,



m smat ch. Moreover, a nmethod for the detection of a nucleic a iéﬂdﬁ? 003
provi ded which conprises: A contacting a specimen conprising s I@l%
acid with a primer conposition, so as to form hybridi zed products of the
Primer and the nucleic acid, 2 $ O C7 2003 -5 B. form ng primer extension
products in the hybridized products, primng, extending and anplifying
the primer extension products, C. separating the resulting priner
extension products and contacting themwsdgh a detection or capture
ol i gonucl eoti de probe to forma conplenentary product, and D., detecting
the presence of the conplenentary product as an indication of the
presence of the target Bucl efermthg pnihbe EREEhHEHn phakactsriged in that
, Foh!

conpl enentary Tac o 4BELIER0E SEOGRERETI BFtotegy PxPendlis Bodition except a
single positiofBRii6YingathetpeiBer cexitefsibr prodectsjesulting in a single
sequence, t htehg;fhg?' heoi ng b anar T HhS B L g PR e R e the
position of the*tR3HRR cProdyetyrardnconteehingntipevivtiels aet hods f or
rapi dl y and aceeteé el on a6® &4¥éage 061 IELAGLL D9 BUChEbEe AEh dpoul gh are
present in yeﬁg%@ﬁfééﬁnﬂgﬁﬂt't' s In a‘test speclnen. reover, ‘this nethod
can be carrie [ t§5° fe &Pdre is a single msmatch in
conplenentarity at or near tdetectignoté prdiénEs Pdriget argeted sequence
of a predetergipefbuel 8¢ elshc el AL Profuct yield Is
presence of the target nucleic acid in the specimen,
characterized in that the primer composition
consists essentially of a primer which is
complementary to a sequence of the nucleic acid in
every position except a single position at or near
the 3' end of the primer, resulting in a single
mismatch at the single position between the primer
and the nucleic acid sequence, the primer having a
- nucleotide with a thymine base in the position of the
mismatch.
The present invention provides methods for
rapidly and accurately amplifying or detecting
nucleic acids which are present in very small
quantities in a test specimen. Moreover, this method
can be carried out efficiently where there is a
single mismatch in complementarity at or near the 3!
end of a primer and a targeted sequence of a
predetermined nucleic acid. Overall product yield is
not appreciably reduced by such a mismatch when this
invention is practiced. Thus, amplificatioﬁ'is
considerably more efficient in replicating sequences
which are variant from isolate to isolate, such as
with retroviruses.
These advantages are achieved by using a
Primer having a nucleotide with a thymine in the
position of the mismatch at or near the 3' end. In



not appreciably reduced by such a m smatch when this invention is
practiced. Thus, anplification is considerably nore efficien EL%ﬂ 2
replicating sequences which are variant fromisolate to isol at'e, LJuo?ﬁUg:\s
with retroviruses. These advantages are achieved by using a priner having
a nucleotide with a thymine in the position of the msmatch at or near the
3" end. In 2 6 OCT 2003 -6 other words, where a nismatch between target
nucleic acid and primer occurs, up to foyr nucleotides from the 3' end,
the primer has a thym ne base in that nucleotide position. It has been
found that the use of such a prinmer nost readily overcones such -m smatch

and mai ntains ejthet efdrds | M ang m@éﬁ’étél’xcﬁétﬁ ertépfefaﬁ\gc_e#ePé’Cl el c
acid. This |nven% on é;&vgfrtlcularl useful 1 n the detect
retroviruses DeLHRA ETherdP | 0 ekewnspvelepeidedgremty within

and anong i nf ecthes 3hohwddutai§ piiier Mt@rtwﬁﬁétm ngn ofndHe present
only, to the

invention, refer exa
acconpanyi ng flgures ?%#é {nigiﬂjegquéﬁéb 9”%%nﬁ%ﬁ§ Bhe (e
anplification r Q%Lﬁu@thlvqﬁmerlmnsx1§e&ﬂunyndwﬁwcﬁmés seie a high salt

concentration angbdy g, VQ/[PJ uﬂgﬂfééﬁ-{‘ste@f% én%r}-'\gmfrluzirﬁ%:,vn }:,hgure 2 is

anpllflcatlon reactlon.’ s referrted
a matrix |ike Fﬂ%’efilcﬁﬁ)iroﬁ HefE thewarget mxehgple @& bdl ovlkbherein the

anplification fraaGid Qth Ve HAfdd & 4y Wddedy ! Sﬁ?l% cg@@&fﬁgrga%el ow

Figure 3 is a matrix |ike Figure 1 for the resu
wherein the anfi9¥iCET RS r SHAN G MY thr Wherethewe Hia eﬂfgﬁan

heterogeneity within and among infected individuals.

For a better understanding of the present
invention, reference will be made, by way of example
only, to the accompanying figures in which:—

Figure 1 is a matrix summary of the
amplification results using various 3' end mismatches
where a high salt concentration and high
hybridization temperature were used in the
amplification reaction. It is referred to in Example
1 below.

Figure 2 is a matrix like Figure 1 for the
results of Example 2 below wherein the amplification
reaction was carried out with a low salt
concentration. -

Figure 3 i3 a matrix like Figure 1 for the
tegplts of Example 3 below wherein the amplification
reaqtion was carried out with a high salt
concentration and low hybridization temperature.

“The present invention is directed to the
amplification or detection of one or more apecific
nucleic acid sequences present in one or more
predetermined (that is, targeted) nucleic acids in a
test specimen. Such samples can include cellular or
viral material, hair, body Fluids, or other materials
containing bactarial, viral or genomic DNA or RNA
which can be detected. While the primary purpose of



concentration and | ow hybridi zation tenperature. .. -The present invention,
is directed to the anplification or detection of one or nnre2§bénﬂT@mB
nucl eic aci d sequences present in one or nore predeterm ned (that is,
targeted) nucleic acids in a test specinen. Such sanples can include
cellular or viral material, hair, body fluids, or other materials
containing bacterial, viral or genomc DNA or RNA which can be detect ed.
VWi le the primary purpose of 2 8 OCT 20037-7 detecti on woul d be diagnostic
in nature, the invention could also be used to inprove the efficiency of

cl oni ng DNA or §Eﬁ$enger RNA, .or for obtaining | arge anobunts of the desired
sequence from SCRPRFLPR BPUbdchei eiagrastieslint PAGUFR ontiBeni ca

synthesis. The invention tsubsperial by usekutowhgproeenpbh@ed with a chain
reaction for pr i in_.exponential quantities relatjve to_the nunber
of reaction stgggf?ﬂgg?%eﬁF £ ngﬁ%tsﬁﬁeobr@ﬁﬁ§%?%?ﬁe Anu%?ef%tacid

sequence. The pebtiatning| labge aamchists ebf thel éesineddselqgpdrexe Wit dmt er m ni

corresponding tgQ t s, pf eclfli i e y source of
nucl ei ¢ aci d, pur%??egpgropn% ?f%gﬁ %%{%gi?%%gg£§§gtEg$§t§€??ﬁgg%ateriaI
provided it conB¥nkBe®Esis suspected of containing the specific nucleic

acid targeted for anpliftgatiMendlofel§ChhPOe14 % Xk fu DT wiYg! i ¢ aci ds
can be enployed if desired. The sequence to %e éupllcated can be a
fragment or theC@RPiRedngtiie ehain rapebboRr foRpPEOERER ®RelRuC] eic acid

sequence can beexpopéntiel ghamtieneouséyabyvesthotRe SRtmBérpENMErSs for

each sequence t?egetf Igﬁégd. Tpe segyencei gan be iP éhe safe gr

di fferent nucl el & aclas. elvalyed, cah heedht APReRTFIOHE TR RGBS
nucleic acid sequence. The product will be a
discrete nucleic acid duplex with termini
corresponding to the ends of the specific primers
employed. Any source of nucleic acid, purified or
not, can be utilized as the starting material
provided it contains or is suspected of containing
the specific nucleic acid targeted for amplification
or detection. A mixture of nucleic acids can be
employed if desired. The sequence to be duplicated
can be a fragment or the entire nucleic acid.
Moreover, more than one nucleic acid sequence can be
amplified simultaneously by using a set of primers
for each sequence to be amplified. The sequences can
be in the same or different nucleic acids.

Nucleic acids can be obtained from various
sources including plasmids, naturally occurring DNA
or RNA from any plant, animal or human source. It
may be extracted from various tissues including
blood, peripheral blood mononuclear cells, tissues or
other sources known in the art. This invention is
particularly useful for the amplification and
detection of viral DNA, such as from human papilloma
viruses, RNA viruses and retroviruses (for example,
HIV-I), extracted from fluids and cells infected by
the virus where heterogeneity within and among
infected individuals is prevalent.



sources including plasmds, naturally occurring DNA or rom any plant,
ani mal or human source. It nay be extracted from various tlséﬁ%saﬁﬁcmmglng
bl ood, peripheral blood nononuclear cells, tissues or other sources known
in the art. This invention is particularly useful for the anplification
and detection of viral DNA, such as from human papilloma viruses, RNA
viruses and retroviruses (for exanple, HV-1), extracted fromfluids and
cells infected by the virus where heterogeneity within and anong infected
individuals is prevalent. 28 OCT ~Q0~ -8 DNA is isolated fromthe cells in
a specimen using any suitable technique, many of which are well known in
the art, as long as the PHéhﬁﬁqééoé@égdn@womdégﬁade1ﬂﬁeiDNA specimeanpl e,

it can be extragkegy hhgMsagkhs1us f epadyPhet nase K
conposition at T rgture anlg It@wﬁﬁib{%%e E%gg F%e%ﬁgg ellhoggqghat t he

DNA will be deg%&&@ QsthéeéEFvbéé lpge @gakpre tBFhRAAUEt AQES REW
Eng,.J. Med., , 28gradp. th@8ONAQS4FHEOZRhnaNG, IatNéburge 3RtraBRedpp.

392-393 (1974 h t t d EP- A-0 145
356 (publ(l sheé SERB s Tt B8an ar Bl R 348" P b teate PEnBaotERBBeE K 1057).

and EP- A-0 245 es4Bpepalbioshed Hotembematarelaaa)pHandicberunbeBgtab al ,

Proc. Nat. Acad ) ( p 53-5 d Saiki et a
Blo/TechnoIogy,1i§%hi§g§§ EB%? %%%8EVR ¥h§§e§Fr§§gr8%%éA %gn be purlfled by
di al ysi s, chronﬂ?é@ﬁébﬁ? &pri sxeppdapbyr EansetgalcoppkeBnart dr YMedusl ei ¢
acids or by any29vhePpSUub§bL§oahe?EQVQQGaBﬁth'&gggggfeggéFo 9”6 ppKi I 'ed

in the art. ated bt ai néd
anplification pSBZe A8e (WAVER- pPEhBEcEXEXpERAAN, Pcﬁﬁéﬁvﬁﬁ|é§eof t he

nol ecul e described in EP-A-0 145 356 (published June 19,

T 1985), EP-A—0 240 191 (published October 7, 1987),

‘ and EP-A—0 245 945 (published November 19, 1987), and
by Nunberg et al, Proc. Nat. Acad. Sci.(USA), 75(11),
PP. 55535556, 1978 and Saiki et al, Bio/Technology,
3, pp. 1008-1012 (1985).

The extracted DNA can be purified by

dialysis, chromatography, affinity capture using

complementary nucleic acids or by any other suitable
technique readily apparent to one skilled in the art.

Once isolated DNA is obtained, it is
subjected to an amplification procedure which
produces exponential quantities of the molecule
relative to the number of steps involved. It is to
be understood that where several DNA molecules are of
interest, the amplification process can be used to
multiply all of them. The end result is a large
number of detectable nucleic acids which can then be ...
subjected to typing procedures for evaluation

The amplification method generally used is
described in considerable detail in US—A—4,683,195
and US—A—4,683,202 (noted above).

As used herein in referring to primers or
probes, the term "oligonucleotide" refers to a
molecule comprised of two or more



relative to the nunber of steps involved. Tt is to be under$§0@g é@@é
where several DNA nolecules are of interest, the anplificatTon I S can
be used to multiply all of them The end result is a |large nunber of
det ect abl e nucl ei ¢ aci ds which can then be subjected to typing procedures
for evaluation. The anplification nethod generally used is described in
consi derable detail in US-A-4,683,195 and US-A-4,683,202 (noted above). As
used herein in referring to priners or —obes, the term "ol igonucl eotide"
refers to a nolecule conprised of two or nore 2 8 OCT 2003 -9
deoxyribonuclegtides or ribonucleotides, and _preferably nore than three.
The exact size3PSXRBiPOREF{rREEAEEXEEPE IPORUEHROBLEBE dBBEr i bed bel ow) but

deends Fpon_gﬁﬁ&%&ﬁﬁb@?Smbﬁ§|Fﬂhﬂgthbéeu|ttﬁgt@xééﬁ sQEefﬂBPthP of tBe

ol i gonucl eot i de, e _-oligonucleotide nmay be deriv ypthetically or by

ot hor ot hods EROMCRR (RECEPE. EqheCler BLops: depcriaed BelGvanbut

ol i gonucl eot i déepehdsheponananyl Excoocar thofudingsyhtheltdmbky pseduced,

whi ch is capab LNg_as ' initi,atio f synthesis when

pl aced under égng§??g%éﬁi%?mﬁPgh8§§§§ﬂgé}é8%?d§’pr?ng_extension pr oduct
conpl ementary ¢bigonueleptidei waytbandersvedndnoetietSashlyondi brons incl ude

the presence obtnhBHChEPhbE8SKhSHAN1ASLhBeaERUr standard o
deoxyri bonucl eoti de trlgﬂosghates) and an agent for polynerization such as
g

a DNA pol ynerise, suita LeBRpEPELUPE" aRAEBFE &AdABt her suitabl e reagents
such as a souslegohubBENESHEN Phe PRBHANEEETHONG. oEBEreing0HE priners can

Ce e ot ooy RPBbLL 6711 oRrARGOLE, nkeh' T rRReBTL' 8F ERERR I
a point of initiation of synthesis when placed under
conditions in which synthesis of a primer extension
product complementary to a nucleic acid strand is
induced. Such conditions include the presence of
nucleotides (such as the four standard
deoxyribonucleotide triphosphates) and an agent for
polymerization such as a DNA polymerase, suitable
temperature and pH, and other suitable reagents such
as a source of magnesium or manganese ions.

One or more primers can be used in the
amplification according to this invention each primer
specific for a particular nucleic acid, but at least
one primer is used which is complementary to the
targeted nucleic acid, except for a single mismatch
at or near the 3' end as defined herein. This
critical primer has a thymine base in the position of
the mismatch. Thus, the advantage of this invention
is that with the use of such a primer, it is more
likely that a mismatch between the target nucleic
acld sequence and primer will be overcome and
amplification will proceed efficiently. Thus, while
ideal conditions would have all primers completely
complementary to the predetermined nucleic acid, it
is more likely, especially with certain viral DNAs,
that mismatches will exist, and the need for the



one primer is used which is conplenentary to the targeted nucleic acid,
except for a single msmatcech at or near the 3' end as defi nedd HEERiA03 Thi s
critical priner has a thym ne base in the position of the m smatch. Thus,
t he advantage of this invention is that with the use of such a prinmer, it
Is nmore |ikely-that a m smatch between the target nucleic acid sequence
and primer will be overconme and anplification will proceed efficiently.
Thus, while ideal conditions would havgqll primers conpletely
conplementary to the predeterm ned nucléic acid, it 1is nore likely,
especially wwth certain viral DNAs, that m smatches will exist,. and the
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for standard il fIoh RddBch ¥ eSSl ddusStdd! e-5t reviad. The
exact |length Qa]:orecfsc,h ipnr Iar:rl%:rliv%ilc!atvi%rry odfep[)er?g,l n‘r.'(i:]ot!.J Osntrands are
amplified with primers and the amplification

process. It is possible that a mismatch will occur

with only one of the strands, or with both strands.

The primers can thus be fashioned to accommodate as

many mismatches thay may be present. Where no

mismatch' occurs between a strand and primer, the

primer need not have a thymine at or near the 3' end

unless it is there for standard complementary.

Primers are generally single-stranded. The
exact length of each primer will vary depending upon
the use contemplated, the complexity of the target
sequence, reaction temperature and the source of the
primer. Generally, the primers used in this
invention will have from 15 to 50 nucleotides, and
preferably, they have from 20 to 30 nucleotides.

= Primers useful herein can be obtained from a
number of sources or prepared using known techniques
and equipment, including for eiample, an ABI DNA
Synthesizer (available from Applied Biosystems) or a
BiosearchTM 8600 Series, 8700 Series or 8800 Series
Synthesizer (available from Milligen-Biosearch, Inc.)
and known methods for their use. Naturally ocdurring
Primers isolated from biological sources are also
useful (such as restriction endonuclease digests).
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DNA. However, S|qg4e stranded nucl eic
_ ucts), the replicated target nucleic acid can be

isolated from the reaction mixture using standard
procedures and equipment. Preferably, at least one
‘'of the replicated nucleic acids is biotinylated.

The present invention is a&lso useful for the
detection of a specific nucleic acid having two
complementary strands. Most nucleic acid sequences
of interest already are double—stranded, such as
those found in DNA. However, single—stranded nucleic
acid sequences, such as mRNA, can be similarly
detected after they are converted to a
double—stranded sequence using reverse transcriptase.

A predetermined nucleic acid sequence is
reproduced using a nucleic acid containing that
sequence as a template. If the nucleic acid contains
two strands, it is necessary to separate the strands,
either as a separate step or simultaneocusly with the
formation of primer extension products. Denaturing
can be accomplished using any suitable physical,
chemical or enzymatic means as described in the art.
Heating to a suitable temperature is a preferred
means.

Once the separated strands are available for
use, synthesis of additional nucleic acid strands can



aci d sequences, such as nRNA, can be simlarly detected aftgr they are
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contai ning that sequence as a tenplate. |If the nucleic acid contains two
strands, it is necessary to separate the strands, either as a separate
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tenperature at pdefdralio} Vi zatd O NP 4 PAOET OCELES) this heating,
the solution is preferably cooled to room
temperature, and an appropriate agent for inducing
(or catalyzing) the formation of primer extension
products is introduced. This inducing agent is
generally known in the art as a polymerization
agent. Reaction to form these products is carried
out under known conditions (generally from room
temperature to that temperature at which
polymerization no longer occurs).

The polymerization agent may be any
compound, or combination of reagents, which will
function to accomplish the synthesis of primer
extension products, including enzymes (for example,
E. coli DNA polymerase I, T4 DNA polymerase, Klenow
polymerase, reverse transcriptase and others known in
the art). Particularly useful enzymes are thermally
stable enzymes, cloned or naturally occurring, such
as those obtained from various Thermus bacterial
species, such as Thermus aquaticus and Thermus

thermophilus. Other polymerization agents are
described in US—-A-4,683,202.

Preferred thermally stable enzymes are DNA
Polymerases isolated from from Thermus aquaticus or
synthetically prepared by cloning methods as
described in EP—A-0 258 017. Those pclymerases
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Lo respective primers form double-stranded molecules
with the initial target strands which are used in the
succeeding steps of the method. These strands are
then separated by denaturation as described above to
provide single—stranded molecules, onto which new
nuclelc acids are synthesized as described above.
Additional reagents may be needed to keep the
amplification procedure going, after which most of
the extension products will consist of the specific
nucleic acid sequence bounded by the primers (that
is, complementary products).

The steps of strand separation and extension
product synthesis can be repeated as often as needed
to produce the desired quantity of the specific
nucleic acid needed for the use, for example
detection. Generally, the sequence of steps is
repeated at least once, and preferably at least 5 to
50 times. ‘

When it is desired to produce more than one
speciflc nucleic acid from the first nucleic acid or
a mixture thereof, the appropriate number of sets of

primers are used in the general procedure described
above. '
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on a solid phase of some type, such as membranes,
filters, films, slides, particles, microtiter plates
or any other suitable solid material readily apparent
to one skilled in the art. Preferably, the solid
phase is a polymeric particle (as defined in more
detail below). The oligonucleotide may be attached
covalently, or adsorbed, to the solid phase using
teaching known in the art for such attachment. For
example, one method of covalent attachment is through
reaction of certain linking moieties which are
described in W0O—-A-89/02931.

Polymeric particles useful as solid phases
for capture can be composed of any suitable polymeric
material which is water—insoluble, and which provides
the necessary surface reactive groups for attaching
an oligonucleotide directly or indirectly. Thus, the
surface reactive groups can be, for example,
sulfhydryl, amino, active halogen atoms, epoxy
groups, isocyanate, aziridine, activated
Z2—substituted ethylsulfonyl, vinylsulfonyl, active
aldehyde, 2—substituted ethylcarbonyl, carboxy and
others which will react with the respective
sulfhydryl, amino or hydroxy groups of the 1inking
group.
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In the embodiment described above, it is
preferred that one of the primers be biotinylated =o
that it can be reacted with an avidin—enzyme
conjugate for subsequent detection. That is, the
primer has a biotin moiety covalently attached
thereto. Such conjugates of primer and biotin can be
readily prepared using known technology.

The insoluble hybridized product of probe
and biotinylated primer extension product can be
separated from soluble materials using any suitable
separation means, including centrifugation,
filtration and washing. Preferably, a microporous
filtration membrane is used. Particularly useful
microporous filter membranes include pol;éﬁide
membranes (for example as UltiporeTM, LoprodyneTH
‘or BiodynelM), ‘

The membranes can be used as a separate
substrate with suitable containers for collecting
fluid and soluble materials. Preferably, however,
they are mounted as part of a test device. Various
test devices are known in the art including those
described in US-A-3,825,410, US—A—3,888,629,
US—A—-3,970,429 and US-A—4,446,232. Particularly
useful devices are described in EP-A—0 308 231 and in
EP—A—0 381 501.
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In a

preferred embodiment, avidin is conjugated with

peroxidase, and a dye—providing composition useful

with peroxidase and hydrogen peroxide is used.
Useful dyes or dye—providing reagents are

known in the art for a given enzyme.

For example,

useful dye—providing reagents for peroxidase include
tetramethylbenzidine and derivatives thereof, and
leuco dyes, such as triarylimidazole leuco dyes (as
described in US-A—4,089,747. Particularly useful
dye—providing compositions include triarylimidazole
leuco dyes used in combination with certain
stabilizing materials, for example described in

EP—-0-321 261.

The presence of the dye in the insoluble
ma;erial is an indication of the presence of the

targeted DNA in the specimen tested.

The dye can

often be observed visually without the use of
equipment, but in some instances, the dye density may
‘be faint or outside the visible region of the
electromagnetic spectrum, and thus require suitable

detection equipment (that is, spectophotometers) for
adequate determination. Procedures for doing this

are well known in the art.

Alternatively, the solid phase, such as the
polymeric particles, can be labeled in a suitable
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US- A- 4,089, 747. Particularly useful dye-providing conpositi t ncd0idle
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targeted DNA in the specinen tested. The dye can often be observed
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spectrum and thus require suitable detection equipnent (that is,
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solid phase. Thus, the I'n co apture, rather
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to provide a Iabeb etect the resulting insoluble product. The probe is
conpl ement arytPot ﬁe38#19h8hﬁﬁﬁnerTB%Pen§P6naVidin"bi°tin complex
is used for capture, rather than labeling. Other

b specific binding reactions can be similarly used, as
described in EP-A—0 370 694. In this embodiment, a
detection probe is used to provide a label to detect
the resulting insoluble product. The probe is
complementary to one of the primer extension
products, and can be labeled with any suitable label,
including chromogenic or fluorogenic mojeties,
chemiluminescent moieties, radiclabels, enzymes,
ferritin, magnetizable particles, and others readily
apparent to one skilled in the art. The label can be
directly attached to the probe, or indirectly through
a linking group or specific binding complex. For
example, while an avidin-biotin reaction may be used
for capture in this embodiment, an antibody-hapten
reaction may be useful to attach a label to a probe.
Other embodiments are well within the purview of one
skilled in the art in view of this teaching.

The method of this invention can be used to
émplify or detect nucleic acids assocliated with
infectious diseases, genetic disorders or cellular
disorders such as cancers. Various infectious
diseases can be diagnosed by the presence of a small
quantity of DNA in a clinical specimen specific to an
organism, such as a bacterium, yeast, protozoan or
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capture in this enbodi nent, an anti body-tiggten reaction may be useful to
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extension prodiyfre primer compositions so as to form hybridized
products of the primers and the nucleic acid strands,

c. in the presence of a thermostable
polymerase, and the deoxyribonucleotide triphosphates
dATP, d4CTP, dGTP and dTTP, forming extension products
of the primers in the hybridized products, which
extension products, when separated from their
complements, can serve as templates for synthesis of
the extension products of the primers,

D. separating the primer extension
products from the templates on which they were
synthesized,

E. contacting the separated extension
products and the predetermined nucleic acid with
adgitional primers complementary to the strands,
ré?ﬁiting in amplification of the nucleic acid t¢
£6fm complementary products,

F. separating the primsz extension
products from the complementary products formed in
step E,

G. contacting at least one primer
extension product separated in step F with an
oligonucleotide probe which is labeled for detection
or capture and is complementary thereto to form a
complementary product of the probe and the primer
extension product, and



of the priners in the hybridized products, which extension pgo@uftamamhen
separated fromtheir conplenents, can serve as tenplates for" s % hesrs of
t he extension products of the prinmers, D. separating the primer extension
products fromthe tenplates on which they were synthesized, E. contacting
the separated extension products and the predeterm ned nucleic acid with
additional priners conplenentary to the strands, rd' SiAting in
anplification of the nucleic. acid t(.,. _j¥&n conplenentary products, F.
separating the prim-r-extension products fromthe conplenentary products
formed in step E, G contacting at | east one primer extension product

separated in step F withpan oleit@etuel el diipikeettiadly iprddakeel ed for
detection or capture and is cogplenentar thereto to forma conp%%nentary
i T

product of the FPEBELAR SRS @ aleiHGadd af Sfudihe &1§SF %0 2003
-19 H. det ecti ngHeh @ reduteaiEned Ynupleductac ffdritecdthien sgteed mBras an

I ndi cation of the presence of .the predeterm.,ned nucl.e e R WA

speci nen, characterized icﬁ‘atrﬁ&te ﬁ'@eﬁ?gﬁb&%ﬁ&% ;ﬁtjoigﬂe%c%%gﬁsotssqti%%
essentially of @omsistrs wesemtiivllgomd enptiarer twhichsdguence of one of the
nucleic acid Stcro?:[bt Sééﬂ.eglrtf‘a\#gﬁoo%sge: Y e id e RARITIQN at or

near the 3' end © resulting 1n a single msmtch at the
singl e positionadist wdaandse ipy ieweTyarkPaitd au@*aadtad Eiiglkdnd, the

primer having a gyl da W hend BHE N Rase dm dhe pmesid, on of the
m smatch, and in that the specinen_is al so
resulting in a single mismatch at the single position
between the primer and the nucleic acid strand, the
primer having a nucleotide with a thymine base in the
position of the mismatch,

and in that the specimen is also
simultaneously contacted with one or more additional
primers which are substantially complementary to the
other strand of the nucleic acid.

The following examples illustrate the
practice of the present invention, but by way of
example only.

Example 1: Effect of Using Primers in PCR
Amplification Having Mismatches
at 3' End Using High Magnesium
Salt Concentration in Amplification

This example illustrates the invention
whereby primers having nucleotides with a thymine
base at the 3' end provide efficient amplification as
compared to primers having other bases at the 3' end
in the presence of mismatches with the target nuclelc
acid.

Primers:

The nucleotides in the primers, probe and
target nucleic acid are designated by the standard
abbreviations of T for thymine, A for adenine, G for
guanine and C for cytosine. There are twelve
possible mismatches between primer and target which



si mul t aneously contacted with one or nore additional prinmers which are
‘'substantially conplenentary to the other strand of the nuck 8i 6C4ceil3 The
foll owi ng exanples illustrate the practice of the present invention, but
by way of exanple only. Exanple 1: Effect of Using-Priners in PCR
Anplification Having M smatches at 3" End Usin H h Magnesium Sal t
Concentration in Amplification This exanple illustrates the invention

wher eby prinmers having nucl eotides wth—a0thynine base at the 3' end

provi de efficient anplification as conpared to priners having other bases
at the 3' end in the presence of m smatches with the target nucleic acid.
Primers: The $@R| @etFHeat | Fhehd' pender sFOPFoBE BREDt&FBet nucleic acid are

de?ignated by ﬁﬁﬁ%@tﬁ?@@ld(tﬁ§brﬁylaALQnSGQE , Tckor ahlyTi-1g, akdf or adeﬂlne
G for guanine C for tosin re.ar 0SSI S tc es
bet ween prinereg% tt%?%e?s ghracal &wczo 3 é ﬁanPo CUE gtn% -end.
Four of them ateG sydnetT)cal Thehhirss, LAttér GeSighateanthd-T) and elght
are asymmetric - - - n The first

| etter designa esiéggidéhgv E% d%g%ééfcﬁhdAtﬁ% g gh?hgeggg%nd letter

desi gnat es t hedgsitgeategetion nheleat jde nuctBECtacgdt vecteidi adidhese

twel ve msmatches as wefé s@éd?@&rﬁﬁéséatﬁé@GE H§bﬂ9téh§§tanWQllnErS
~having alnost identical 28 base sequence except for the base at the 3

end. The prinefg GRFEeHEcpatelngsi ngingea sSRE38EPPTEBETSWAREAMES routinely
used for HV-lath¥stampbhiicali 28 ©838 beguenre 8sckPe basi shéobabbe

at the 3' end. The primers were prepared using the
SK—38 primer, which is routinely used for HIV-I DNA
amplification (gag region), as the basis for the
sequence. The SK—38 primer was prepared using an
automated synthesizer and known phosphoramidite
chemistry. This primer was first varied at the 3!
end to produce three of the twelve possible
mismatches with the target nucleic acid. It was then
shifted one position to the right, resulting in a
different 3' end, and then three more mismatch
variations were prepared by making substitutions at
the end. This procedure was repeated twice, once by
shifting SK—38 one position to the left, and once by
shifting it four positions to the left. The
sequences of the resulting primers are shown in the
following Table.
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OCT 2003 22 Al of the priners wer e synt hesized on a BiosearchTM 8700
Synt hesi zer using standard phosphoram dite chem stry. They were purified
by polyacylam de gel el ectrophoresis and desalting. Base conposition
anal ysis was used to assess the purity 2 conposition of the priners.
Stock solutions were prepared in TE buffer (described below using
optical density neasure just concentrati ?P%%g rials: The

0, .adj
avi di n- bead reagent use %)%Rﬁi MRTS HET i DR -G 2 715 using
particles of phigystyrane- 08)1013 &ﬁt(}?e.ﬁdm aed fryd s‘utteimi‘gfddret hyl ) st yr ene]

95.5:4.5 nol Y t uneters,
gtored in a suzl;goen@ﬁ; E{%ﬁﬂs&g @f} sol %ﬁgﬁl‘ﬁég m%%a%f r (0.1
mol ar, pH 8.5). Pwm@tﬂ@mhs&elmmmres;tﬁ aand d&%ﬁﬁtMr mus
aguat i cus havi ngsan &b lydivil aboty 1f4 Mtéééﬁ ALY §§.ﬁé SOtrg i on

contained TritonTM X-1 noni oni ¢ surfact ant and phosphat e
buf fered sal i nePol i i i (BPHBE N PH the c&ﬁﬁe%ﬁ?ﬁng %‘éﬁﬁ m chl ori de (149

ol ar) and  etdyleneshanierd eir epeedd C1@CTEl if FePl eddscribed
below) using optical density measurements to adjust
concentration.

Materials:

The avidin—bead reagent used was prepared as
described in EP-A—0 302 715 using particles of
poly[styrene—co—m &
P—(2—chloroethylsulfonylmethyl)styrene] (95.5:4.5
molar ratio) having an average diameter of about 2.0
pmeters, stored in a suspension (0.45 weight %
solids) in glycine buffer (0.1 meolar, pH 8.5).

The DNA polymerase used was isolated from
Thermus aquaticus having an activity of about 4

units/ul.
A SSPE solution contained Triton X-100
nonionic surfactant (0.2 weight %) and phosphate

™

buffered saline solution (8.5 mmolar, pH 7)
containing sodium chloride (14% mmolar) and
ethylenediaminetetraacetic acid (1 mmolar).
A diluent solution comprised 360 mmolar
sodium chloride, 20 mmolar sodium dihydrogen
~ phosphate (pH 7.4) and 2 mmolar

ethylenediaminetetraacetic acid and TritonTM

X100
nonionic surfactant (0.2 weight %).

The TE buffer contained
tris(hydroxymethyl)aminomethane hydrochloride buffer
(10 mmolar) and ethylenediaminetetraacetic acid (1
mmolar), with pH adjusted to 8 using hydrochloric
acid.



A di luent solution conprised 360 mmolar sodiumchloride, 20 ggoQaf ggdi um
di hydrogen phosphate (pH 7.4) and 2 mmol ar et hyl enedi am netetraacetic
acid and Triton TM X-100 nonionic surfactant (0.2 weight % . The TE buffer
contained tris(hydroxynethyl)am nonmet hane hydrochl oride buffer (10

mol ar) and et hyl enedi am netetraacetic acid (1 mnolar), wth pH adjusted
to 8 using hydrochloric acid. 2 8 OCT 2003 -23 The PCR buffer contained
tris(hydroxy- nethyl)am nonmethane (10 nmopgr, pH 8), potassium chloride
(50 mmol ar) and nagnesium chloride (10 nmmolar). A buffer identified as the
"running buffer” (pH 8) used for el ectrophoresis was conposed of-
tris(hydroxynmet hyl ) am nolie¢ heCR buffer £8RtaTREéArtrisbRydcore-d (89 mmol ar)

and et hyl enedi api t] aci 2 | ar). euco, dye, conmposi tion
for detection agégﬁ%?zéggégméf?%n%-ghéh@%$8§91BP%f%>ne?ﬂB%%%%%$yl)-
4, 5- bi s(4- met hokiyphehgt) ( 9 derol er asafidl hegses sohi chlbetde (ye (to nmake a
0.1 weight @6sqﬁﬁéigpz_mas di ssolved in a solution of poly(vinyl

t

pyrrolidone) (20 weig % in sodium phosphate buffer (5 mmlar). This
sol ution was then added 4cobwfEer utdemt tbhedi as nthe hYowoenbng pev biked® (10

mrol ar), 41-hydigryasenadd! f8e efétﬂ?@ﬁﬁ6%e§?§ as composed of
I Lno af% I n sodl um phosphat e buffer

diethylenetrian%nfgggigacetlc acid (10

to produce a fina EPXYBE Honl rningpe thane, bef fe®r (8% 00 bas) » wei ght %
| euco dye. The Worbeeqt T (ERshh®laKPdakd GOt )y 1€he@0sALhEL é EBAadleli€es used
In the assays qgg{glpfd BlggyneTM nyl on m croporous nenbrane (Pal

Cor p) . mmolar
A leuco dye composition for detection was

prepared with 2—(4-hydroxy—3,5—dimethoxyphenyl)—
4,5-bis(4—methoxyphenyl)imidazole as follows: solid
leuco dye (to make a 0.1 weight % solution) was
dissolved in a solution of poly(vinyl pyrrolidone)(20
weight %) in sodium phosphate buffer (5 mmolar).

This solution was then added to & solution containing
hydrogen peroxide (10 mmolar), &4'—hydroxyacetanilide
(5 mmolar) and diethylenetriaminepentaacetic acid (10
umolar) in sodium phosphate buffer to produce a

final concentration of 1 weight % polymer and 0.005
weight % leuco dye.

The SurecellTM (Eastman Kodak Co.)
disposable test devices used in the assays contained
a BiodyneTM nylon microporous membrane (Pall Corp).
in each test well. The membranes were treated with
succinylated casein (1 g/mz) prior to use.

;??' The probe used in the assays was prepared
according to procedure -described in new European
patent application No. Filed
concurrently herewith and corresponding to USSN
406,224 filed September 12, 1989. This probe had the
following structure:




in each test well. The nenbranes were treated with succinylagﬁd @2s§in (1
g/m2 ) prior to use. The probe used in the assays was prepar Q 0 @Bng
to procedure %A V--scribed in new European patent application No. filed
concurrently herewith and corresponding to USSN 406, 224 fil ed Septenber
12, 1989. This probe had the following structure: 2 8 OCT 2003 -24 00
11 1100 X-NHC-CH2 /1111 !, S /--CNHCH CHOCHCH ~OPOY --CH -- CHS--\2- -/ 2
222 3 1\ 1 110H COOH 0 wherein X is the2fesi due of horseradi sh

peroxi dase, and Y is the oligonucl eotide chain having the sequence:

5' - GAGTGATGAGGAAGAGGAGCEGTG- 3" The predeterm ned DNA fragnent detected in
t he assays was a 1§0 nucl eoPi de segnent of the gag region (core protein)
of the H V-1 ggngmg_chgned finto a derivativ® of ML3 vector and pr €par ed

using standard procaddres? The hiotipyrakedprimer. used .in.the a had
the foll owi ng nucl eotHd8— eq%eﬁ62h2“5\:gfITTégﬁéﬁE?éEC%$ﬁ¥Gf 2%33'
wherein X represents la bio?? etraet hyl’ene gl ycol spacer arm prep ﬁed and

attached as descri be@C0H UéS.S.N. 104, 200 (noted above).

wherein X is the residue of horseradish
peroxidase, and Y is the oligonucleotide chain having
the sequence:

5'—GAGTGATGAGGAAGAGGAGGGTG-3'

The predetermined DNA fragment detected in
the assays was a 180 nucleotide segment of the gag
region (core protein) of the HIV-I genome cloned into
a derivative of M13 vector and prepared using
standard procedures.

The biotinylated primer used in the assay
had the following nucleotide sequence:

S5'—X-TTTGGTCCTTGTCTTATGTCCAGAATGC—3'
wherein X represents a biotintetraethylene glycol
spacer arm prepared and attached as described in
U.S.S5.N. 104,200 (noted above)}.

Assay:

Amplification was carried out using a
Cetus/Perkin—Elmer thermocycler in microfuge tubes
using 100 ul solutions containing the following:
target fragment (10_16 molar), primers (1 umolar
each), polymerase (7.5 units/100 ul), dNTPs (6
mmolar total), magnesium chloride (10 mmolar) and PCR
buffer.

The thermal profile for amplification was a
5 minute cycle carried out 30 cycles as follows:



Assay: Anplification was carried out using a CBtus/Perkin-Elner

t hernocycler in mcrofuge tubes wusing 100 ul solutions contiaﬂoﬂd 2803
followi ng: target fragnment (10-16 nolar), priners (1 unolar each),
polynmerise (7.5 units/ 100 ul), dNTPs (6 nmolar total), nmagnesium chloride
(10 mmol ar) _and PCR buffer. The thermal profile for anplification was a 5
m nute cycle carried out 30 cycles as follows: 28 OCT 2003 --2 5 70C
rising to 94-95C 1 mnute 94-95C 0.5 m nut®- (denature) 94-95C |owering to
55C 1.25 mnutes 55C 0.5 mnute (hybridize) 55Cto 70C 0.75 mnute 70C 1
m nute (extend priners) Detection of the anplified target was

acconpl i shed in twd &G feksing viay Q4-Aat®se Pahinetect rophoresi s was used

to identify that adJfappent of the expected, s synt hesi zed. The
sequence information was confirned by hybrﬂ%i%éf%%ﬁ?%ﬁ¥4F?F€#Eﬁ er adi sh

per oxi dase- | abel ed HBTHOHuUCIBART NS prob®? ° el - 2% arinwphor esis was carri ed

out as follows: alggrmpts (6 ul) of the PCRgeach éﬁeﬂs;g W t hdr awn
and applied to 4% ﬁurcose gzelos (3% NuSi eveTM and @& SeaKem aes)ai | abl e
from FMC Bi oProduct®)¢ the Yt s were prest d nkd HiRdt@an et hi di um broni de

solution (4 ul, 10 #gorl). The "running buff efi'ng GO0 di derdd SO GRSY A ned
For one hour . then phot G SEIGPTRE (HEE SRELIL1S (ARRRL M%talized, -
Hybri di zati on dadeomid givashd nvatsvae atirfi ek et waiyss § ol Agavsose gel
electrophoresis was used to identify that s fragment
of the expected size was synthesized. The sequence
information was confirmed by hybridization with a
horseradish peroxidase—labeled oligonucleotide probte.
Gel electrophoresis was carried out as B
follows: aliquots (6 nl) of the PCR reaction
mixture were withdrawn and applied to 4% agarose gels
(3% NuSieveTM and 1% SeaKemTM, available from FMC
BioProducts). The gels were prestained with an
ethidium bromide solution (4 ul, 10 mg/ml). The
"running buffer” (600 nl) also contained ethidium
bromide (24 ul). The gels were electrophoresed at
160 volts/cm for one hour, then photographed and the
resulting bands visualized.
Hybridization with the probe was carried out
as follows: T
PCR reaction product (5 ul of a 1:10
dilution in diluent solution in a 1.5 ml
microcentrifuge tube) was melted at 95°C for 5
minutes, spun briefly in the microfuge, then mixed
with the avidin-bead reagent (2 ul) and the
peroxidase—labeled probe (1 pmolar in 3 ul), and
incubated at 42°C for five minutes. Diluent solution
(50 ul) was added, mixed and the solutions were
added to the test wells of SurecellTM test devices,
and fluid was allowed to flow through the membranes
in the test wells.



PCR reaction product (5 ul of a 1:10 dilution in diluent solution in a 1.5
m  mcrocentrifuge tube) was nelted at 95C for 5 m nutes, é%ﬁwﬂ@ﬁi%ﬁBy in
the m crofuge, then mxed wth the avidin-bead reagent (2 ul) and the

per oxi dase-| abel ed probe (1 pnolar in 3 ul), and incubated at 42C for five
m nutes. Diluent solution (50 ul) was added, m xed and the sol utions were
added to the test wells of Surecell TMtesty; devices, and fluid was allowed
to flow through the nenbranes in the test wells. 2 8 OCT 2003 -26 The test
wel l's were washed with a wash solution (50 I'll of a 1:10 dilution of

di luent solution in phogphates buidiars (Wt e’ wadtiedh J1iath keqashprewarned to
550C for 30 m nut.es.. VAshi hg was. repeated four tines, The |euco dye
conposi ti on (109(9]1Ht)i%s(tyoa d’far?de]éﬁtaoerddit]\/ﬁjrﬁmlﬁrgsdjtlt’rberlfye on the
menbrane was \\cludiion Sicorpddaphate duffier (@EWrt) welarehdd theerb, with 5
bei ng the high ‘gﬁﬂﬁg Yi) | QT ummy rj.x of both gel

el ect rophor esi ?S[tzfn pr%bted h'@bﬂjcﬁoztjatfd;gﬂ reust%f's for%eiaq;% dza%"say using the
various priner FerPEatedtfiaus tiges."C', "G and "T" are used in all Figures

to represent nucl eotidespyd 11 nggoqn I dSi S @FddTIS) wHl ch

nucl eoti des have, . bases_correspon t o ‘adeni ne, cytosine, guani ne and

t hymi ne, respe@ddgsd Bndrfd AW pHoIrESE S thes d%es Ay &hé RRRRIANS; t her
positive (+) omdwedatd My -schiedPnabigg rE€tdicr Arashowniafed he ol or

the average of g Fabii BhE Hedimadt SR IR W thd MITE s have
a nucl eoti de wa sumntdnymimet ddas e fatbdilte g8l ealectrophoresis and

probe hybridization results for each assay using the

various primers. The letters "A", "C", "G" and "T"

are used in gll Figures to represent nucleotides in

the nucleic acids or primers, which nucleotides have

bases corresponding to adenine, cytosine, guanine and

thymine, respectively.

The electrophoresis results are shown as
either positive (+) or negative(—). The probe
results are shown as the color chart value
corresponding to dye density observed. All of the
Tesults are the average of two replicates.

These data show that where the primers have
a nucleotide with a thymine base at the 3' end,
amplification efficiency remains high as evidenced by
the positive electrophoretic results and generally
higher dye densities. Where primers ended in
nucleotides having adenine, guanine or cytosine
bases, amplification was weak or nonexistent. This
indicates that the use of the primers according to
this invention will overcome mismatches at or near
the 3' end of the primer more readily than other
primers.



anplification efficiency remains high as evidenced by the poaﬁt i _
el ectrophoretic results and generally higher dye densities p ﬁpm¥rs
ended in nucleotides having adeni ne, guani ne or cytosine bases,
anplification was weak or nonexistent. This indicates that the use of the
primers according to this invention will overcone m smatches at or near
the 31 end of the prinmer nore readily thq?7other primers. 2 8 CC T 2003
-27-- Exanmple 2: Effect of Using Priners Th PCR Amlification Having

M smatches at 3' End Using Low Magnesium Salt Concentration in

Anplification ghhe.anpljfi catggb% o&iegﬁ%ﬁ.? of - Eﬁgglien Jpcélxere repeat ed
using the sane mat erial's exc _ um chl ori de used

in the anplification reacti orfAiisl DA &8 bxgih dray sy d% : and the
dNTPs were present in a totalg@amuniing stlﬁ% %{ph@é‘gdé’ﬁ‘ﬁ@d of 6 mmol ar.
This | ower concentration has peen e5|gna e oW Sa concentratlon
for distinguishing various a4 Al aaﬂf'ah By cedy i gure 2

shows the results of gerrhéﬂ&mﬁrxﬂﬂﬁﬁﬁﬁdﬁ ﬁﬁﬁtéﬂﬂﬁééﬂdEHHXHmpMéln.a

det ect abl bed. in 1. The esul t n conf rm
tﬁeegd\?anteages o%eret'%ls deleafl\iradntqeso]rﬁgast%(%?%%dn% eésu%%gs:ep%% |

apparent al so tH= anduntamumagife siagmesh Low odd orsete ioondent r at | on d| d not
affect the re%@ﬁf&&f&f%dﬁw Q%tfdm&i&&eiﬁma%%@m;dat'on of

magnesi um chl ori of ten catlon reactions
Ef fect of Usi nd™®tidmer 2nd @@?dWﬁﬁ iferetpres i Hy avlts:rmlcrﬁe%olmt 3' End

Using H gh Magnesiewno Sakdlar instead of 6 mmolar. This lower
concentration has been designated a "low salt"
concentration for distinguishing various
amplification reaction procedures.

Figure 2 shows the results of gel
electrophoresis and hybridization with a detectable
probe, as described in Example 1. These results
again confirm the advantages of this invention as
pointed out above, except it is apparent also that
the amount of magnesium chloride concentration did
not affect the results. This result was unexpected
since the concentration of magnesium chloride often
affects amplification reactions.

Example 3: Effect of Using Primers in PCR
Amplification Having Mismatches
at 3' End Using High Magnesium Salt
Concentration and Low Hybridization
Temperature in Amplification

This example was carried out exactly as
Example 1 except that the hybridization temperature
in the amplification cycles was 40°C instead of 55°C.

The results are shown in Figure 3 wherein

agarose gel electrophoresis and hybridization with a
detectable probe indicate that the primers having a
nucleotide with a thymine base at the 3' end are
highly useful for efficient amplification despite
mismatches at the 3' end as compared to other primers.




Concentration and Low Hybridization Tenperature in Anplifi cgt T? @a
.exanple was carried out exactly as Exanple | except that th @E;I tion
tenperature in the anplification cycles was 40C i nstead of 55C. The
.results are shown in Figure 3 wherein agarose gel electrophoresis and
hybridi zation with a detectable probe indicate that the priners having a
nucl eotide with a thym ne base at the 3' end are highly useful for
efficient anplification despite mismitches at the 3' end as conpared to
other primers. 2 8 OCT 2003 28 CLAIMS : 1. A nethod for anplifying at

| east one coucimis acid, said nethod conprising: A contacting a specinen
conprising a nucleic acid with a priner conposition, said priner
conposition consists essentially of a prinmer which is conplenentary to a
sequence of said nucl ei c Aawicdhiod Eoerampdsiingn aéfleé‘a?l‘do%quence except a
si nglte Eosllt]ﬁbp@lc @klap%asd ﬁ{bdh@fdbb{@%pﬂsrmrg, resulting in adSI ng: e 4
m smat ch a sin osi tion between sai r [ ei ¢ aci
sequence, said pri ma‘? &H&gaan%?‘é]&{lle&ec?\nmt% {'T% aarﬂfjc Seﬁés%@ﬁ t he

posi ti on ofvishaia prisreat chmpasli tBonsubst anti al |y si rrul taneousl y, contacting
said specinen With 1%p%>é&m£@§;%m@%nqomuslt@n@smﬁauhﬁtofthe

nucleic acid is anp |ed|ntheresult|n m xture b

ext ensi on %rﬁdﬂé?r%h’hﬁl?llénc%ﬁ’d’ c?é]ﬁ‘é’f‘h?‘%ﬁ 8n? Soeél‘h%n%%lror‘io %%{chf[ I"east
five tinmesaid Theemet'ho[ﬁio@fnolnablfns]alfdoseqhenampbxblepata @mneﬂe M §EEOBNA. 3.
The met hod, pf, ¢l 9" r@rgd foq{ tﬂ@%ﬂ'ﬁpéf f %gé"ﬁlt(?ﬂg HsYn &1 OV s that&h et hod for

the detect fon of
the smgle pOSlthIl between said primer and said nucleic acid

sequence,
said primer having a nucleotide with a thymine

base in the position of said mismatch, and

B. substantially simultaneously, contacting said
specimen with a DNA polymerase under conditions such that
the nucleic acid is amplified in the resulting mixture by
forming primer extension product formation and denaturation
being carried out at least five times

2. The method of claim 1 for the amplification of
viral DNA. '
3. The method of claim 2 for the amplification of
HIV-I DNA.
4. A method for the detection of a target
‘nucleic acid, said method comprising:
A. contacting a specimen comprising a nucleic acid

with a primer composition,

said primer composition consists essentially of a
primer which is complementary to a sequence of said nucleic
acid in every position of said sequence except a single position
at't'he 3> end of the primer, resulting in a single mismatch at
the single position between said primer and said nucleic acid
sequence,

said primer having a nucleotide with a thymine base
in the position of said mismatch,

so as to form hydridized products of the primer and said

nucleic acid,



nucl eic acid, said nethod conprising: A contacting a specinegipﬁzﬁriﬁing a
‘nucleic acid wth a prinmer conposition, said prinmer conposition né S
essentially of a priner which is conplenmentary to a sequence of said
nucleic a "d 1l i ion ci in every position of said sequence except a single
posit' at t he 3' end of the priner, resulting in a single msmatch at the
single position between said priner ap said nucleic acid sequence, said
prinmer having a nucleotide with a thymne base in the position of said

m smatch, so as to form hydridi zed products of the priner and said nucleic
acid, 2 8 O, TB003fomiBg Paimieige pf ¢ Mero Bty o p ot BYpai deg ed
hybri di zed p rRrdQAUGE Spriiimg Nextextiendi mgda@ﬂpaﬁrpj;ilf%/ismgdsgfﬂneri mer

ext ensi on prqducts using a DNS.80I¥ rase IP t he EO ymerise ch%%n
feaction, EXEBSAPAPRATERLS MRIIE Pk Thv i mer BRC ARSI Bh F RO ST ARG

cont acti ngcthhem néa bti@ndet ecti on or capture oligonucleotide probe to form

a conpl ementary (or odyet,, rapth P chdet 8¢t 19 tP?ilﬂre‘?séﬂp@nﬁforﬁiirféducts
conpl enent ary roduct "as . an Tndication oﬁ he

p presence qf said.target
nucleic adiid CRUAS! @R, With Phd Chef HRP O EPBIRTS ﬁégﬂau&léaﬁg‘g?e
ol i gonucl egtriodbe: aadf ciah extdcan pil smeactamyl psbddcusiargl a  biotinyl ated pri nmer
and an avi di n-ergzyne I 1, 0 t i in said
conj ugat e conpr?%és S%ﬁg??gg§§PG7P‘%E§“E§t£§§agp g%gﬁﬁ$ﬁn¥€?g§%e det ection
of H V-1 DuRdwEt FReaEnddg2ofor|Rl Hhe MreTel ¢c bt 8214 JATEET JE-BIRICI shed
using a prokedwi ahel spkabglegd or capable of being | abeled with an enzyne.

5. The method of claim 4 using a
capture oligonucleotide and detection is accomplished using a
biotinylated primer and an avidin-enzyme conjugate.

6. The method of ¢laim 5 wherein
said conjugate comprises peroxidase.

7. The method of claim 6 for the detection of
HIV-I DNA.

8. The method of claim 4 wherein

detection is accomplished using a probe which is labeled or
capable of being labeled with an enzyme.

9. The method of claim 8 wherein said enzyme 1s
peroxidase, and said detection is carried out using a
composition which provides a dye in the presence of peroxidase
and hydrogen peroxidase.

10. The method of claim 4 wherein
one of said primers is either attached to or capable of being
attached to an insoluble substrate.

11. A method for the detection of at least one
predetermined nucleic acid having two complementary strands
comprises:

A. denaturing the complementary strands of
a double-stranded nucleic acid in a biological
specimen,

B. contacting said specimen with a primer
composition, said primer composition consisting essentially of
a primer which is complementary to a sequence of one of the
nucleic acid strands in every position of said sequence except a



9. The nethod of claim8 wherein said enzyne is peroxidase, and said
detection is carried out using a conposition which provides aibﬁ@Tiﬁﬂmhe
presence of peroxi dase and hydrogen peroxidase. 10. The nethod of claim4
wherein one of said prinmers is either attached to or capabl e of being
attached to an insoluble substrate. 11. A nmethod for the detection of at

|l east one predeterm ned nucleic acid having two conpl enentary strands
conprises: A denaturing the conplenefary strands of a doubl e-stranded
nucleic acid in a biological specinen, B. contacting said specinmen with a

primer conpasitidsi$ahdaPihBes QPR khon fansd StEAY, B9aEN glly of ~a
primer which s conplenentary tq a sequence of one of the ucleic acid
strands insé%??f ‘ngﬂaitfi i S@éﬁdsgbqufeﬁ@éfés&%&etav%%téecwrzrmg apd

si ngl e posistiidnnatld¢ivead'idendaafd,sodidl prriimesr, haesnktanpudiecidsi wikke a

m smatch a I ingl.e: (A : i d said nucleic acid
strand, sa?g§%?ﬁwér ébfﬁg%ﬁ hggfg§%¥§% &%pﬁ %hsgﬁéﬁﬁﬁé base in the
position of sai @2iflsTRE ¢HN €8a? bF & Bl WEANEI0IE |3i Rt apieslisy ithcomteaered with

one or nDmeoaeldidd anah aprg fTed er W Bt 128 eSERBE B diall | y ccnfpliemmi @iy to
t he ot her §Brﬁpd Q%eﬁaAHYH&FB?iC 2 id, .so_as ﬁf form hybridi zed products of
the priners and” he S nudiPdic Pact ¥ s{?ﬁﬂﬁéf ¥19n the presence of a

t her most abl e polsynes doe foamdh ybhréd deod ypi ddneatd edt {lde ptri inphies phdt tlse dATP
dCTP, dGIPrandeidTdd.d keFrimag, extension products of said prinmers in said
hybri di zed produycts, .whi.ch extensi on_.products, wh separated for their

n
conpl enents, cafr ser VB G PEFSERCESOf ot ¢ §ﬁFHE§ﬁ??8fP° BINE F@%Cerfdt Gn
products ofthehéepriymebsnubleseiphe atipigo sphdt ps idwei Pexd €A5P o T &duatls from

the tenpl gepOrrowhh s tG% W68 F¥RLNREs 2P said primers in said
hybridized products, which extension products, when separated
for their complements, can serve as templates for synthesis of
said extension products of the primers,

D. separating said primer extension products from the
templates on which they were synthesized,

E. contacting said separated extension products and
said predetermined nucleic acid with additional primers
complementary to the strands, resulting in amplification of the
nucleic acid to form complementary products,

F. separating said primer extension products from the
complementary products formed in step E,

G. contacting at least one primer extension product
separated in step F with an oligonucleotide probe which is
labeled for detection or capture and is complementary thereto
to form a complementary product of the probe and said primer
extension product, and

H. detecting the complementary product formed in step
G as an indication of the presence of said predetermined
nucleic acid in the specimen,

12. The method of claim 11 for the detection of
HIV-I DNA in whole blood or semen.

13. The method of claim 11 carried out by
repeating steps E and F from 5 to 50 times before performing
step G.



E. contacting said separated extension products and said prg%gﬁgﬁwqﬁéﬂ
nucleic acid with additional primers conplenentary to the st

.resulting in anplification of the nucleic acid to form conplementary
products, F. separating said prinmer extension products fromthe

conpl ementary products fornmed in step E, G contacting at | east one priner
extensi on product separated in step F with an oligonucl eotide probe which
is labeled for detection or capture and is conplenentary thereto to form
a conpl enentary product of the prebe @mnd said prinmer extension product,
and H. detecting the conplenentary product formed in step G as an

i ndi cation of the pregen f rm.n n e| i e.
speci nen, 12. The nef%odong Pﬁﬁh% ?dghﬁﬁ£1h§3%% ?%n 0 0§%t® Bh% in
whol e bl ooHu6}eemend A m¥he Sr’:ﬁlgﬂédmo‘ﬁmcﬁtélhmwlllhc’élsrpé’dﬂéut by repeating
steps E and F from5i%0 5”Dhtelﬂmhlé‘i‘lf @rfecnﬁrniqr mmgreﬁi @.lal@péilyﬂq%ra%e

nmet hod of clal ated\@uherel more than g ucleic acid.forns a single

mi smatch wYA®? pri ner. THHE el A H”H?OélﬁiRFFpﬂﬁgﬂe?ﬁ'E%ld pol ymer ase

IS |soIateU6¢¢mﬁu1H@ﬂmm§&nnmulcus or is prepared using recombinant neans.
16. The nethod of clagm 4rphepitR o3RG POl IS @@l‘?eréisn %Q?H@éf}aﬁle‘?aged I's

i sol ated from Ther nus uat i, cus. or |s repa[[%G usi ng recanbl nant. neans.

DI AGNOSTI G SARBS RSP AT ETHRES SO EROOMINS T A% PR NEFU FARGET 91 SVATCH

AT THE PRI vER 8t e ENB iAlgst eaoim oifn 4de nDk 66 osure Met hods for anplifying and
detecting a predeterm ned target nucleic acid in a biological specinen are

acconpl i shed even where there is a msmatch in a single position between a
priner and the target nucleic acid.



The msmatch is |located at or near the 3' end of the priner. Sﬁ%ﬂ a

m smatch is overcone using a prinmer having a nucleotide wth a*t @&ﬂnéﬁﬁ
base at the position of the m smatch. The use of such primers is nost
likely to prime the target and form priner extension products. This nethod
Is particularly useful for detection of a nucleic acid sequence which is
not fully known, or where there is considerable heterogeneity in DNA
target from patient sanples. -32 -

DIAGNOSTIC AND AMPLIFICATION METHODS OVERCOMING
- A PRIMER-TARGET MISMATCH AT THE PRIMER 3’ END

Abstract of the Disclosure

Methods for amplifying and detecting a predetermined target nucleic
acid in a bioiog'ivc‘éi specimen are 'accomp!ished even where there is a
mismatch in a single position between a primer and the target nucleic acid.
The mismatch is located at or near the 3’ end of the primer. Such a
mismatch is overcome using a primer having a nucleotide with a thymine
base at the position of the mismatch. The use of su(;h primers is most likely
to prime the target and form primer extension products. This method is
particularly useful for detection of a nucleic acid sequence which is not fully
knowh, or where there is considerable heterogeneity in DNA target from

patient samples.



