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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 n.be _se ﬁraﬁed or. denature ndi tions I"ch di srupt
t he hydrogen g%n&?n§§r¥ gulardisddresiteg doser asdbodi EoTr eassoci ate only
wi th anot her aspilafdchatibngandcaepeer?phaby %ﬁﬁ%eﬁﬁélgﬁc.%EQBGOt'deS- Thi s

hybri di zati on ess cur..in. solution or on a solid substrate. RNA
ig usual |y sfﬁgﬂg-gthggég. PFLIRSE 8R4, thehPPAYRETASENCAAdRher strand or

portion therebfagiiiioh-haShe ¢owphetent aeyn bse?ueaceooaemg@&eo;ides. A I
target nucl ei guagede.s c r 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 CarrNQSleQHtaEQdoﬁﬁﬁﬁgnﬁeEHh§18E9bhEQ]5@8%?9%28

| nprovenment s
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.
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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 is 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

one Qpri ner g strand is
€t hat where



The-use of a coll ecti-on ef—pri pers may be used to acconplish the
anplification process desired, but it is inpractical due to i28 6Kpefy
and nay be 2 8 OCT 2003 -3 inefficient or ineffective in many instances.

The preparation of the collection of randompriners is wasteful and | eads
to the use of conpetitive non-extending priners. Mreover, the greater the
uncertainty of the target nucleotide sequence, the <collection of priners
needed is greatly enlarged. Viral genonmes.iparticularly those of RNA
viruses and retroviruses, contain nultiple base alterations, additions,
duplications and del etions. The variability of these viruses has -been
attributed to thefFéeientebit ynafdebadkeofinpmaphr eaditRacekuncirhans of
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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,




m smatches | ead to a sl owing down of the anplification processggg . egihe
kinetics of prinmng and prinmer extension are changed (see for ﬁg?z, 2 8
OG- 11 2003 -4 Tinoco, Jr., Proc. Nat. Acad. Sci.(USA), A5, 6252, 1988). In
the worst case, no anplification will occur as the priner fails to attach
to the target, or if it attaches, formation of an extension product is
inhibited (that is, the prinmer "msfires"). It would be desirable to have
an efficient neans for anplifying and ggtecting nucleic acids even if -

there is a nismatch between a targeted sequence of the nucleic acid and a

prinmer at or near the 31 end of the priner. The problem noted above with
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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,



nucleic acid with a prinmer conposition, so as to form hybridiz [fﬁéﬁéf
of the Prinmer and the nucleic acid, 2 $ O C7 2003 -5 B. formr Si'

extension products in the hybridized products, primng, extending and
anplifying the primer extension products, C. separating the resulting
primer extension products and contacting themw th a detection or capture
ol i gonucl eotide probe to forma conplenentary product, and D., detecting

t he presence of the conplenentary produoi_as an indication of the

presence of the target nucleic acid in the specinmen, characterized in that
the prinmer conposition consists essentially of a primer which is

conpl enentary to a sequBnce bérmbegnptiebe agténsDoneyLbyuPPsi thON except a
' resulting in a single
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Papi dly ‘and accurat ol y Aol {19F st of et GE: T e hb o EEEF Gs i char e
present in ver§*EFRFION REPEVELRsand eontect Spectihem. wibhesver, this net hod
can be carri edd@tlécEféfhCé@%éﬁtﬂ‘f‘@r@lag&?@ciéo@idéigpclaﬁe "%3”?61?%0.5”
conplenentarlt%?ﬁéaghﬂgfiﬁ%the R end”of "a priner and a targe sequence
of a predeter RSBy erRf | product yield is not appreciably
reduced by such a nmismebch vhetedting thyeptéodnts of aghdced. Thus,
Wioh are vari ot FRSMEELT RodHEF 57 ot fadaen sdom pf Eherr ovituses.
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



These advantages are achieved by using a primer having a nucleotide with a
thymne in the position of the m smatch at or near the 3 % kg:z 6 OCT
2003 -6 other words, where a m smatch between target nucleic é% aﬁ&B
primer occurs, up to four nucleotides from the 3' end, the prinmer has a
thym ne base in that nucleotide position. It has been found that the use
of such a prinmer nost readily overcones such mismatch, and nmintains
efficient primng and anplification of the target nucleic acid. This
invention is particularly useful in the detection of retroviruses, such as
H V-1, where there is extensive heterogeneity within and anong infected
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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
cohcentration 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



viral material, hair, body fluids, or other materials containing .
bacterial, viral or genom c DNA or RNA which can be detect edZ&/\lﬁ]UTezgfﬁe
primary purpose of 2 8 OCT 2003 -7 detection would be diagnostic in nature,
the invention could also be used to inprove the efficiency of cloning DNA
or nessenger RNA, or for obtaining |arge amounts of the desired sequence
from a mixture of nucleic acids resulting fromchem cal synthesis. The
invention is especially useful when conbi‘med with a chain reaction for
producing, in exponential quantities relative to the nunber of reaction
steps invol ved, a% | east one_predeterm ned nucleic acid sequence. The
product will bedd eﬁFi@?eY%”%@c?%i@i%%FBSHE%IER DREWTEer BRI corresponding

to the ends of theespeonftouDdi #BE6 bepbeyetlo NAYyr&Pdr ege of nucleic acid,
purified or no e utilized, as starting materj al rovided it
contains or is éﬁgggg?gﬁyo?kc%ﬁ?%?ﬂ$néggtﬂ5 @%ﬁ%g?$%fn%%§ei%9a€?8 t ar get ed
for anplificationtabniddet bartgenandunixtofetbé desieed aequlsncanfbem

enpl oyed if desjrggy+ o] upl | b ment or
the entire nucleic gcggs éﬁﬁ#@%@%%% %gfggtﬁ%%ﬁg%gg%ugfg?CSE%?%éggquence can
be anplified sP¥utRaf&Busly by using a set of primers for each sequence

to be anplified. The seqpgaCESyERR1IoNCsNelPE: 88Ty isdEl] Efplh nucl eic
acids. Nucleic acids can be obtained from various ~sources 1 ncluding

ol asni ds, nat urSPFHLRER Y} FingA DR 1 Br T RRAL | 9o RyPPEHE LN&ni BAI o human
source. It nayekporshtfsl eguafioNt vasi pesatissULs tRE! HEhBer HFoo0d,
peripheraliblooeeggp anlgar cgﬁls é%ssueslor tothgr soyr ces rnogn in the
art. This inventron ParR ciuriyedset bl 1837t PRE ARDFHF FEERI R and
detection of vinatl®NA asidhseguémom huhime papdbtomaill 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.



viruses, RNA viruses and retroviruses (for exanple, HV-1), %?&racted from
fluids and cells infected by the virus where heterogeneity w Emmgg
anong infected individuals is prevalent. 28 OCT ~Q0~ -8 DNA is isol ated
fromthe cells in a specinmen using any suitable technique, many of which
are well known in the art, as long as the technique does not degrade the
DNA. For exanple, it can be extracted fromcells using a buffered protease
or proteinase K conposition at a tenperat&#+e and pH whi ch reduces the

| i kel i hood that the DNA will be degraded, as described, for exanple by Kan
et al, New Eng,.J. Med., Z97, pp. 1080-1084 (1977) and in Nature, 251, pp.
pp. 392-393 (1974). cxhBNAekﬁré@pa@meﬁe@hnmqmég ard1sddscei beecimeAP- A- 0

145 356 bl 1 ; 24 1 lki-sh ,
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is a large ng__ 39 det ect abl e nuclei ¢ acid ubj ect ed
to typing proce ?oﬁlggépuatpéﬁerTﬁétaﬁﬁF#PPc&?FBﬁiﬁE?ﬁoéfgeneraIIy
used is descriledcribeanshdepaple debainlsi Qplb14Ashe@83uh8519,
o 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



and US- A-4,683,202 (noted above). As used herein in referri rs or
probes, the term "ol igonucleotide" refers to a nolecule coggﬁ @%E %@?

or nore 2 8 OCT 2003 -9 deoxyri bonucl eoti des or ribonucl eotides, and
preferably nore than three. The exact size is not critical (except for the
probe described bel ow) but depends upon many factors including the
ultimate use or function of the oligonucleotide. The oligonucleotide my
be derived synthetically or by other nethods known in the art. The term
"primer" refers to an oligonucleotide, whether naturally occurring or

synthetically 8roduced whi ch i s capabl e of actlng a point of
initiation of S§AFKESPeNyRERCpLEREICTINAEPONEBAEPE éﬁg»lﬁ“ﬁhlch synt hesi s of
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i nduced. Such conditions inc t resence .o cl.eot such as the
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One or nore priners can be useé n-according to this
i nvention eachObigﬁﬁwclgpétdelmayobeadpaiwedusanthacﬁeaélacod bput at | east

one priner is gsRArWAEERoAS EROVhCTRNEAEYake.the targeted nucleic acid,
except for a single msnatch at or near the 3' end as defined herein. This

critical prinmer has a tRY®i R@TBaSRCiReFheTpbSFEI 6@ B8R the ni smatch. Thus,
t he advant age oiighnﬁcléaenaeQnwhéﬁhébahaﬁhﬁBll?eou&areﬁnguab a primer, it
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Thus, while 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



i deal conditions would have all priners conpletely conplenmentary to the
predeterm ned nucleic acid,- it 1is nore |likely, especially wizth ©EF 12803
viral DNAs, that msmatches will exist, and the need for the 2 8 0 CT
2003 -10 present invention will be evident. By the term"at or near the 31
end of the primer" is neant the msmatch occurs within four nucl eotides of
the 31 end of the prinmer. Preferably, the priner has a thynine base

| ocated at the 31 end or one nucleotidg_q9§ition away fromit. Most
preferably, it is at the 31 end. Wile at | east one priner must have the
nucl eotide with the thym ne base as defined above, it is not essenti al

that all primgyredssad iﬂéﬁﬁo@mw dPfudFact I Enfn%fucted 't

other words, in anpllflcatlon stran are iflred with

primers and t9F ABAT fiheatd orenst cfeddie |RT imemhsks bll%aflthafthﬁ‘a m smatch wil |

occur W th omismneioddiftStwidifin uidit Rt ddd ¥ sthe Tdﬁ-e did Mers can
t hus be fashlo &Lto acconmodat e as _nmany m smat ches that resent.
D

Where no m smitic HFtc AF &eet wédit e ta@lt ha titl Brimes haha need not
have a thym ndate droomtard tdte the 9vd enthl®@Ssond nucldwtvid qosttaistar d

cach priner wAT B hdiend i Lshe ST Te. Lorrit s, T B ompl exi (y
of the target sequencé'{hirlaac&u dreetsanmeatpnhnmdnusie Mﬁc&he)f t he
50 nuci eéie{‘ﬁre?“ﬂ IR TS A Baad RSBl angE 40T 10 T
Prinmers useful%NQQ§rﬁﬁﬁﬂﬂQﬁﬁkﬂﬁhﬂﬁuﬁiHrRﬂﬁmﬁrSuHﬂﬁ# b3/ %hﬁ”ces or prepared
using known t eeipl ifURSat 1 (RHE B e 146 | ARG dOFe£X aMPlSsna ABI DNA
Synt hesi zer (avai] able fron1 plied Biosystens) or a BiosearchTM 8600
Series, 8700 ggqig; on of 'DNA, both strands 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).



Synt hesi zer (available fromMIIligen-Biosearch, Inc.) and 5nomn nethods
for their use. Naturally occurring primers isolated from bi @IBQJC

sources are also wuseful (such as restriction endonucl ease dlgests) . 28
OCT 2003 -11 Once the targeted DNA has been extracted (if necessary) and
denatured, its strands are contacted wth the prinmer conposition described
herein under conditions such that a m xture of hybridized products of
primers and target DNA strands are formeeéii-Such conditions are those
normal |y used for anplification as described in US- A-4,683,202 (noted
above). Primer extension products are then forned with at |east one of
the hybridized products Urald dweed tiargeddtid imlhaqorbeﬂm@)aruiace)etthr(siiﬁ)n

product formatin. §H?1 (tshat i
conpl ementary pr ofgett%g ea&regfo |dc1(a%{hed ar ge ‘ﬁog‘s{% ac(c‘l'fh ccatnedbe
i sol ated from t'hieth &g |Rﬁiﬁﬁrxt®ﬂ@mﬁ@%t@m@€%r%‘@im aégidaT

equi pment . Prefegadbd dhord RSt a wWix il r@@'ﬂﬁ?&i‘%ﬁﬁ&'ﬂd&u@ﬁ ds is
biotinylated. The present invention is also useful” for the 'detection of a

speci fic nucl ei®f RGP s thiFsdomVertiitands A%aidEnabst Wit ei ¢ aci d
sequences of iddredestordd rardt e dudiLer st FLBB’&ECEor.Slmﬁplaﬁfiddm&m found in

DNA. However, e- str.an | ei,c equences., su can be
simlarly det e%%]g‘%]e aq‘rtj@r fﬁé&%& cqof %ﬁft@matecgoﬂ)oq =Y r}ﬁg@gﬁ‘sequence
using-reverse texeoiqt gamdut i est erlremetbmmed efcthacd ssapeme i s

reproduced usi In% atﬂwq)?dtcicficéedd CPO‘[B‘%]S gfélhﬂ}weé il cfifj‘isor?a fenplate. If

t he nucleic ac cont ai'ns 1'S neces separate the
strands, eitha@Trising aphrettengian drfosfllmﬂ teormasignwi tAf ke  formation

of primer extensddr iAo SceHBNAtr | W a it e S UMl 1 Shadk 448y ng any
sui tabl e phy5|cal chem cal or enzymatic neans as described in the art.
_ oducts), the replicdated target nucleic acid can
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
acld 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



Heating to a suitable tenperature is a preferred neans. Cncz t he _separated
strands are available for wuse, synthesis of additional nucl ﬁcaﬁaiﬁmg
strands can 2.8 CC T 2003 -12 be carried out using the priners in a
buffered aqueous solution generally at a pH of from7 to 9. Preferably, a
nol ar excess of the priners is added to the buffered solution, and
specific anmobunts are taught in the art (for exanple, in US:A-4,683,202)-
The deoxyri bonucl eotide tri phosphates dAIf__dCTP, dGTP and dTTP are al so
added to the synthesis mxture in adequate anounts and the resulting
solution is heated to 90-100C for up to 10 m nutes, and preferably froml

L om e apeetatbiealeat’ ding Bt SOLULLOD 14 RISLEEADLY 000! Lo
room tenperature, and an_a proprl%te agen or 1 nduci ng or catalyzing)
the formation ofIpFPiersSekiel’dn ofeneratilrtatia phtebdficen. 7 The s9i nduci ng

agent is generBtéfekaoyw, i A hEPaRréx@Ssd PP YRE' pZBhELH PYCRiqedeAGtiON to
formthese prodyﬁésblf car |ed%Hout under known _conditions (generally from
room tenperat uFe t M EHEEES et iR e 2R viPeHl £ Ho| SRR LRIFHH no | onger

occurs%. Taﬁ_pﬁ;quitzﬁmitWQEQmmn(ﬂ@y @ﬁ?@@ﬁe{cpﬂp@g?gqugggpm@ngtion of
reagents, ic n.{o 0 S e syn S rimer
ext ensi on produc%%, ?%% Léﬁéé?%éﬁ%ﬁﬁge??B*P%&%ﬁ%?égs %ﬁf%0|$g pol yner ase
1, T4 DNA pol ynﬁﬁ%énklﬁwamlq’m asdded etver siee t syamsloes s asex anck ot her s
known in the afd)addipidi Ul dSald! of02VIBs A6 (DS IRILY 4 stabl e

| | as se ali ejasfrom

enzynmes, cloned or naturally occurring, suc 0
vari ous Ther nus'$2&%ertal 20t esforuem e Thenfmsteguandus and Ther nus

t her nophi | us.  Gitefems Wyrerdcati o agantsufss. desesi bash & mdl fig, 683, 202,
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




Preferred thermally stable enzynes are DNA pol ynerases isol at gg9f1jr§n1
Thermus aguaticus or synthetically prepared by clo,iing netho 200
described in EP-A-O 258 017. Those polynerases 2 8 0 C T 1-103 -13
general ly have a nol ecul ar wei ght of 86, 000-90,000 daltons. O her
preferred polynerases are isolated from Thernus thenophilus or
synthetically prepared by cloning nethods. Still other useful enzynes are
described by Rossi et al, Syst. Appl. Mgygebiol. .1(2-3), pp. 337-341,
1986. Cenerally, the synthesis of extension products will be initiated at
the 31 end of each priner and proceed in the 51 to 31 direction along the

tenplate until gymébebly havd ed Mol &sh ad NPe NN Vo £ OF EBS0 (L GRG0 G Xt ensi on
products corrpr(ﬁs)jrgggt he (gébew%egt hesi zed strands and their ' respective
primers form do Tran ffesed W hyPeeases t#e8 tepkatedt r ands

whi ch are used fron Hﬁmesmmeﬁlm)ﬁﬁﬁms Ocirt@enﬂﬁeéhp@alﬂ'ﬁe@ee@f@m@ are

t hen separated t d ed_ abov o] rovi de

si ngl e- st randeﬁoﬁ@%lﬁe%ﬁ%g ?ﬁf e'ﬁu‘ﬁ%ﬁ’:{ a%?%%m%ﬁ‘ 5§nt hesi zed as
descri bed abovedesqwibead dnaIRcrmigeamt sahpySpet netpiel. tiof destpi d he

anplification py@@gg I §©0i er ch t X roducts
w Il consist of spg%l fl?ggl n%f:# eljbg\gém d (g%ﬁ%%%i:l bgﬁrﬁeg %ﬂgﬂ%%egprl ner s

(that is, comf r%’h‘i%ﬁ%/i% RFRGUgts 'I‘hfellstfé?)si@it%w%cﬁ%efpl'aﬂ!al‘i @&ndind
extension pr ochtcteéofrnt;hem&c Y B s enet &9 e Of L ef a5 flffﬁé‘éi%iéﬁ produce

t he desired quan% the speci fic  nucleic acid needed e use, for
exanpl e det ectd o’ r%ﬁq‘%/la'i%é’%%e?ﬁé”&?s&e% termingfRded at | east
once, and pref er abl y at m‘masrtewam Forated i pEtme &bt éiisidn desdddkd 0 produce

nore than one &Hﬁ% gici,lé‘uutchelc C)}ds;r{tn%st{]zeé'sr?x?ar? clel TEahmd or
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. '



a mxture thereof, the appropriate nunber of sets of priners_are used in
the general procedure described above. 2 8 OC T 2003 ---14-2éb@€ﬂalmm
once a desired anount of the nucleic acid sequence of interest has been
generated and the prinmer extension products are separated for a |ast
time, the prinmer extension products (including the biotinylated ones) are
contacted with an oligonucl eotide probe_ g33|gned to either capture the or
detect the products. In one enbodi nent, e probe is designed to capture
or insolubilize the products. Thus, the probe is immobilized or capabl e of

being i mobilized on a gehéfapipSeoRteSAMBeLYPES SHEHNRSoFERREaNES,
filters, films, ticles, mcroliter plates or any other suitable

solid material ?%5%??9 %gﬁﬁr%%%UE?eeoﬂé §RFPF§8t RaghbegRt 2ePRERERADI y, the
solid phase |saadpbhgnﬁtimepaéﬁt@hgiéﬁSpﬁsﬁuaeﬁ hﬁenﬁépardﬁéalfobebomb
The ol i gonucl eof jde tac or, a the solid

FhECs, EFansTon oxPrufhiohinc ket
phase using teachrng FHBSR EXFEPS SBRAPEPEUE ﬁeﬁ CHPINgxanpl e,
one net hod of cbb@lbh@témYb@hﬂénmnes)threugbntaeaeﬁlmhtbfanertaln l'i nki ng

moi eties which @Ifgoﬁ@éfébpfge %g%paggigg%QOFoFQk¥Hgfta%?9ﬁ£eC£R§ usef ul

as solid phases fOr capture ca any sul e polyneric
material which ?5 9Rate¢ |h%%lh%@@ucéﬁd whi ch provi des the necessary

surface reactive groups 187 oké t &RHG AEme AP, OLhQOBHste%d&egigﬁ&a'yoor
indirectly. Thus surL%ﬁe reactive grou ps be, for exanple

sul fhydryl , am ®%P %5?|95 bl bt pfst %pBR?duﬁFﬁupsThF§ocyﬁﬁate
aziridine, actipoobel i2- bobsbilited &t hyhpabienyk, byiny! suhbéBnyizedctive

ey e 2 oungh 4 8T &' (M8 P Whne CBYBE)YSO0R 28" RERBHRLEN W ! react
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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m no or hydroxy groups of the linking group. 2 8 QC T 2003
rl-y useful particles are conposed of polyners pﬂéb@mﬂdzmem
I ch

unsaturated polynerizable nononers, at |east one of
e hal ogen atom activated 2-substituted ethyl sul fonyl,
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nyl group. Representative nononmers are known in the art and
Ily apparent to one skilled in the art. Particularly useful
ude those having reactive-t&+boxy groups, such as acrylic

hacrylic acid. In the enbodi nent described above, it is
t one of the priners be biotinylated so that it can be
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primer extensiaotpvoduglog@n deomseHREByLedr 2 905LbLeLpAL erial s using any
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o By YSULEGRYE oo RRXY TRF (Y Y AT HERBY hreTPuPused.

" EITINE Baally M oR0 PRE IR 8 FhoPIECER i ner s 1o

col lecting flReWtieulanl ubize ful enomdser $r bhelade ythoseehevingt hey are

el svd seietion ol iy a3 pPEYLEESELg gy ' (e

FerReery e aeld 232, Particul arly
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.



useful devices are described in EPA--O 308 231 and in EP-A-O 381 501. 2 8
OCT 2003 -16 The insoluble hybrid collected is contacted with8a0CT 2003 -
per oxi dase-avi di n conjugate which conplexes wth the biotinylated portion
of the hybrid. Useful conjugates are commercially available froma nunber
of sources. It usually requires a few mnutes for the conplexation to
occur and unconpl exed conjugate passes through the menbrane along with any
fluid. Following this, the reaction produqy is contacted with a
conposition which prOV|des a dye in the presence of the enzyne |abel used.
In a preferred enbodiment, avidin is conjugated with peroxidase,- and a

dye- provi di ng_conposi ti orrHesafidol Jtiiid Ay RO 45 ANk DYl Qi pargy de s

used. Useful dyes or dye-providing reagents are nown in t art a

gi ven enzyne. F&itékérrmeéoxi&?@mwdfbirpmnmgﬂgtaédgi@h§qmﬁ1q3@r90xu dase

i nclude tetranaiiad bﬂfauwﬂmmdamlﬂﬁtﬂm shanfoihymndi. | aierglyes,
such as triarylim zoIe Ieuco %ﬁﬂl descrlbed I N US-A 4,089, 747.

Particularly uséfdHY it JaRde fFan |aar"§HﬂltfﬁIHazol e
| euco dyes usedaﬁ1anmﬂmanul(ﬂt\uddhnxytﬁﬁqu1ﬁﬁsﬂu|ﬂéﬂfm1ﬂﬁﬁéﬁlﬁﬂﬁ, for

exanpl e describ 261. The presence of the dye th |nsoluble
material is an etq’c? cgﬁ%o]‘%xo ]J't%e]tp?r §(ﬁ*§r dqtlﬁbc Eia?r %Hﬂﬁ& eﬁ:

speci men testedPaﬁﬂ9&thnﬂnsh(ﬂﬁ&ﬂmambnﬂnﬁﬂamnhsnwﬂnﬁIQnMMﬁﬂutd the use of
equi pnent, but in sonme 'Wﬁl%‘%ﬁ% tgiﬁsdyet]{geqsé atiw;f"ﬂﬁ% A Ntg or out si de

the visible region of the ect romagneti c spectrum us Trequire

suitabl e det ectG¥Hastabdth @ Wé{mﬂ@i@pﬁttﬂﬂt@ drawidss ff:brdyaadéquat e
determ nation. RN eHERIIOlo FdHHY dritiyine Adbeeldsddiownd iy the art.

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



Alternatively, the solid phase, such as the polyneric part;?éﬁz n.be

| abeled in a suitable 2 8 OC T 2003 -17 manner (for exanpl qggfﬁ@ed or
radi oactive particles) and a biotinylated priner is unnecessary.

Det ection of the priner extension products is achieved by isolating the

I nsol ubl e conpl exed products and detecting the | abel ed solid phase
visually or with suitable equipnent. In another enbodi nent, biotinylated
primer can be used which will conplex—Wth a solid phase conprising
avidin either adsorbed or covalently bound to the solid phase. Thus, the
avidin-biotin conplex is used for capture, rather than | abeling. O her
specific bi ndPAGNEEa&€PENEXaBRALBe YFANRaAY@duSEdTadscagsd¥ri bed in EP- A-0O

370 694. In tba@t@medbnﬁﬂa aabigﬁfiﬁ?ﬁbQdebQQﬁe'rS 14s@fnbeecBBayiyde a | abel

to detect l.tin | e product. The probe is, conplenentary to
one of the prﬁﬁ%?c QPQngf pPB&B@FsexéﬁBSéaﬁ B&EOPYEEFedSwi th any suitabl e
| abel , |ncIudchgeobﬂOBngBanQin§|UﬁéogﬂBbQuEQbetbQ@lex@Heﬁl|un\neSC€nt

nDieties, radj.ql z erritin, eti articles, and
ot hers readil?9°§9§55eﬁpg ggﬁgtéRﬁlFb 3ﬁbgﬁg PPiq gﬁﬁel can be
directly attavhedafldyt be piohesudtabidi egatipprenltr.ough a | i nki ng group or

speci fic binding conpl gx. ﬁBEhe XgﬂBbﬁimﬁgklebQQt§§?Q'QeE'EE&BeEeaCt'On may

be used for capture in t I's e an antibo reaction may
be useful to &eflabR Hsedbwhich aiéiogemplemh@ﬁténbo@p&éﬁt§h§ﬁé wel |l within

the prV'e“/OEoﬁﬂQisihg|EQQdHH E@%h@&tahgo¥bﬁw o ChvaikR2ey Baundhe nethod
of this invention, can npl i or detect nuclelc aci ds

fy
associ ated wi R tpﬁféeéﬁéughﬁﬁgeasggusgeﬁéﬁl@VépéBFHéP§ BrCEEPﬂGFar
di sorders suclhsassedn¢erscay¥aureysratheet ithan ldbeadsgs coathee di agnosed by

th? presence ggegi%qﬁlbinding 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



gquantity of DNA in a clinical specinmen specific to an organizal Eicgzéfag
bacterium vyeast, protozoan or 2 8 0 CT 200 -18 virus. Retr i Y
detected to advantage with the present invention, with H V-1 being a
retrovirus of particular interest. In a preferred enbodi ment, a nethod for
the detection of at |east one predeterm ned nucleic acid having two

conpl enentary strands conprises: A denaturing the conplenentary strands of
a doubl e-stranded nucleic acid in a biol-gg-<cal, specinen, B. contacting
the specinmen with one or nore prinmer conpositions so as to form hybridized
products of the prinmers and the nucleic acid strands, C. in the presence of
a thernostable viprm%/.rrerl?as:eovartdxﬂdse aim)mﬁmwlt&otddimﬂﬁémoﬂmat es

e hyb e zoq tad it lbHE (VMBS LA AT £ et IPr 1

t he hybri di zed products extén3| from
their conplenéﬁt§8Hﬁi¢U§@Wvdn$§nﬁa¢plates f or synthe5|s of t he extension

products of the prlmers,mpEl A AN ddip 3 qdpets from
the tenpl ates on mhlch tﬁﬁy wer e synthe5|zeéhﬂ§g contactlng the separated
e

extensi on pr oM a3 déasdy anfe Prada tEaminad ndaleiadiid onal
priners conpl enﬁuiargy thd Idbtplldmitfiary 'St rlnid tbngt gy fication of the

i m 1~ extensi on’prod C°“Ap§x?t?#35{a)%b°e2‘r%ﬁfweaeaé?ai,t'rfe&ﬁﬁﬂioﬁn step
E, G contactimg dutubleastt rameled inuyle fextayid dm pr adisogiepelrated in step F
with an O|Igogﬁgéﬁﬁ Qe probe which is | abeled for detection

B. contacting the specimen with one or
more 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
additional primers complementary to the strands,
resulting in amplification of the nucleic acid t¢
f&&m 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



or capture and is conplenentary thereto to forma conplenenig gb? gﬂgct of
the probe and the prinmer extension product, and 2 0O C T 2003

detecting the conplenmentary product fornmed in step G as an |nd|cat|on of
the presence of the predeterm ned nucleic acid in the specinen,
characterized in that one primer conposition consists essentially of a
primer which is conplenentary to a sequence of one of the nucleic acid
strands in every position except a singlejgposition at or near the 3' end
of the priner, resulting in a single n1snatch at the single position
between the prinmer and the nucleic acid strand, the priner having a

nucl eotide with a thym ng bas@eithclitheg Qg@1ddypyghéﬂﬁgﬁy:yﬁada¢t and in
that the specinmen is also sinultaneousl contactgﬂEe th _one or o&e
her

addi tional pri FOF@eghiich s3e® Sulsst &% | PHEG ENE
strand of the nu¢lecipr edi@it@rminedf @Mcqwm:g siahrethd Iagetaiaieem,t he practice

of the present invention,  but | e O Eff ect of

Usi ng-Priners in PCR A l}afrlaé: ergﬁyﬁgg\ﬁ%&)&\ﬂ@ yime?%?@dpéné |H;1 Hi

Magnesi-um Sal t Corsdsttrsatessenti Ayl idf ceatp:drmerTmrsloéxdmpl e illustrates the

I nvention wher AEyls n t e at the
oIS t;argl}evzﬂ gagg%g{]u%%ed%% Wrdd! o R 1 128

3" end provide € |C|ent primers having ot her
bases at the 3' asid dtrands gimeevery d?OSrﬁts}llﬁit c,sri"éféaR/ﬁ téh Scjmg]tearget nucl ei c

acid. Primers: pHg l&l%'&e%éd} i B9 TBHS oPrale @thd@yr get nucl eic
acid are designated by the standard
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



abbreviations of T for thymne, A for adenine, G for guanipe and C for
‘cytosine. There are twelve possible mismatches between pri &8r 084d2308r get
which 2 8 O CT 2003 -20 can occur at the 3'-end. Four of themare
symmetrical (that is, A-A GG CCand T-T) and eight are asymretri cal
(A-C, GA CT, T-C, GA, A-G T-Gand GT). The first letter designates
the nucleotide on the priner and the second letter designates the

nucl eotide on the target nucleic acid. ¥W0studied these twelve ni smatches
as well as correct pairings using a set of priners having al nost

i dentical 28 base sequence except for the base at the 3' end. The priners
were prepared $3Fn@CERE aBKIRY SFTﬁﬁé; WhPER PE EBER| BBy used for H V-

DNA anplificasyfnefgagdat egtiwal. ias Abg, bests €oc khe Tsejuenge. The SK-38

primer was prepared using an ut onat yng hesi ze d_.kngw _
phosphoraniditgfg%ﬂeﬁ?gtgﬁymﬁﬂggiﬁgﬁngg_aas&T PS “@ar'@ﬁ’agmgheASG’ end to
produce three BDfGtardt@eTye pDssi biestnisvatchdesighhtéhetharget nucleic

acid. It was t ifted o positiign i ing in a
different 3 en%?lgﬁgiéﬁe%ntﬁﬁ%egﬁ%@%9n$éﬁaﬁgﬁ Eéggbgtigﬁgggere prepared by
maki ng substitdesbasates the sudledhideppnctbar tavastropededd aqide, once

by _shifting SK-38 one posiih@ledOthbtel ehbivanionaechys 88ifeing it four
-positions to the left. The sequences of the resulting primers are shown in

the follow ng@TabPEreotapaitinggonsingoa sat ef eripegsy havingp
almost identical 28 base sequence except for the base

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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purity and conposition of the priners.

solutions were prepared in TE buffer (described below) using
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The avi di n-bead reagent used was prepared as described in EESAG%T3%5 715
using particles of polystyrene-co-mé& 03

P- (2- chl or oet hyl sul f onyl net hyl )styrene] (95.5:4.5 nolar ratlo) havi ng an
aver age di aneter of about 2.0 wuneters, stored in a suspension (0.45 weight
% solids) in glycine buffer (0.1 nolar, pH 8.5). The DNA pol ynerase used
was isolated from Thernus aguati cus haV| an activity of about 4
units/ul. A SSPE solution contained TritT X-100 nonionic surfactant
(0.2 weight %9 and phosphate buffered saline solution (8 5 mol ar, pH 7)

cont ai ni ng sodi um chl ori %_Qéfg mmol ar) and eth e etetraacetic
acid (1 nmmlar). A dil uﬁ i tHorPT § SIS ’?rﬂbef% ZE8E Yt Ut chl ori de,
20 nmol ar sodi W @ dyrirtogens 7 (h dSyrinti s { 8t usingnsit @hdanmd ar

et hyl enedi am n 'd T on rfactant
(0.2 weight % %%geﬁ%&e% %ﬁé cont ai n{eLl ’[T’\é(l%( %Q[Oe IF%P% arﬁﬁunorret hane
hydr ochl ori de mnkmcqumm@l)emmtmmwmm amdedesaberic acid (1
mnolar), wth gpiiadi c?éilﬁporﬁ ﬁgs{'é'dﬁ%h%%d Cto _g.hgesg £,£CT 2003 - 23

The PCR buffer contalned tris roxy- net am nonet hane (10 mol ar, pH
8), potassium R BEY RNG 5@%%‘?5)0%@5 nﬁ@e&‘i%@’éﬂ or$HéC1( 10 molar). A

buf fer |dent|f|gﬁu@@15ﬁga étg"pfgbé&é&e{ Tgrgﬁgﬁetw@&bggwi@é@ctrophoreS|;
ho1d (85" mol ar§e LR TG AR b hedehT Db RS ESVERRE 9 TROASTISE A | euco
dye conposiH(Mtdmuemkn&mimmn was

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.



prepared with 2-(4-hydroxy-3, 5-di net hoxyphenyl) - 28 0CT 2003

4, 5-bi s(4-nmet hoxyphenyl )i m dazole as follows: solid |euco dye (to nmake a
0.1 weight % solution) was dissolved in a solution of poly(vinyl
pyrrolidone) (20 weight 9% in sodium phosphate buffer (5 mmolar). This
solution was then added to a solution containing hydrogen peroxide (10
nmmol ar), 41-hydroxyacetanilide (5 mmolar) and

di et hyl enetri am nepentaacetic acid (10 Jijpgolar) in sodi um phosphate buffer
to produce a final concentration of 1 weight % polymer and 0.005 weight %
| euco dye. The Surecel |l TM (East man Kodak Go.) disposable test devices used
in the assays cont ai ned TheEP@MyB@EBéﬁy&@ﬁtﬂiﬁé@p@fQyﬁhﬁ@ﬂbiﬁne (Pal |

Corp). 1in eac re tr ucci nyl at ed

casein (I g/m §€%$+2$$¥ M aﬁ%e£§$ §5d ?ﬁ %ﬁe EAS %@%fﬁﬁs pr epar ed
according to pr@hb@ﬁi@eWﬁﬁﬂhmmebarbeMDdnmmgmeEﬂmmpehhorp@thloappl|cat|on
No. filed concygsent herewith and corresponding to USSN 406, 224 filed

Sept enber 12, 1989 This probe had the following structure: 2 8 OC T 2003
-24 0 0 11 1100 X- NHC- cH2 pufifigr|identif Opiicrs CHEEHORROPOY buffec”

GtS-\2 -/ 2 g2 &) lused dETELOCH GoubPEsls ok Scofifosesidie. of

hor ser adi sh pe{O{sgﬁsgrofggeth§f)é£fhggé °§H§'§€E%er (agjgmofgé?,
boric acid (89 mmolar) and ethylenediaminetetraacetic
acid (2 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:




t he sequence: 5' - GAGTGATGAGGAAGAGGAGEGTG 3" The predeternineg DﬁA f ragment
detected in the assays was a 180 nucl eoti de segnent of the g & J

(core protein) of the H V-1 genone cloned into a derivative of M3 vector
and prepared using standard procedures. The biotinylated prinmer used in
the assay had the follow ng nucl eoti de sequence:

5 - X-TTTGGTCCTTGTCTTATGICCAGAATGC- 3' wherein X represents a

bi oti ntetraethyl ene glycol spacer arm pi2épared and attached as descri bed
in US S N 104,200 (noted above). Assay: Anplification was carried out
using a Cetus/Perlin-El mer thermocycler in mcrofuge tubes using 100 u

sol utions containi fg the foplomﬁng target fragnent (10-16 nolar). priners
(1 unol ar eacl)-NHpoLH rls (7.5 units/ 100 @), dNTPs (6 nml ar t taI)
magnesi um chl ori de (30 a PCR "IN f th fil
anplification was a Cﬂ~gzﬁ :>§ gﬁe carﬁl ﬁﬁcgd% _gggﬁagﬁﬂgBlg 2 8 O
CT 2003 --2 5 70C rilsing tﬂ 94-95C 1 nlnute 94- 95C 0.5 mnute (de ture)
94-95C | owering to 5500H.250n1nutes 55C 0.5 mnute (hybridize) to 70C
0.75 mnute 70C 1 mnute (exXtend priners) Detection of the anpllfled
target was acconplished in tw different ways. Agarose gel

el ectrophoresi s was useqhgge&gegtlgyt%@agegi%m@gqﬁnhorg%rggqsgxpected si ze
was synt hesi zed. The sequence %ornatlon was confirmnmed h¥Pr|d|zat|on

with a horser@&f§ﬁiﬁéﬁGX|é§§exléﬁeﬁ@& Sliigonyalestiide &

the sequence:
5'—GAGTGATGAGGAAGAGGAGGGTG-3'
The predetermined DNA fragment detected in
the assays was a 180 nucleotide segment of the gag

aving

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:



Gel el ectrophoresis was carried out as follows: aliquots (6,.ul) of the PCR
reaction nmixture were withdrawn and applied to 4% agar ose geaé 0C302003

NuSi eveTM and 1% SeaKeniTM avail able from FMC Bi oProducts). The gels were
prestained with an ethidiumbromde solution (4 ul, 10 ng/ml). The
"running buffer” (600 ul) also contained ethidium bromde (24 ul). The
gel s were el ectrophoresed at 160 volts/cm for one hour, then photographed
and the resulting bands visualized. Hybrizsghzation with the probe was
carried out as follows: PCR reaction product (5 ul of a 1:10 dilution in
diluent solution in a 1.5 mM mcrocentrifuge tube) was nelted at 95C for 5
m nutes, spun brief18°G rcistogr oy dFateh °C henl nkedte wi t h t he avi di n- bead

reagent (2 ul) and dfiey5qer oxi dase- | abel ed pdog)em{&ugp{m{ﬁe[ﬁ%{l%éeyl ), and
5 S

i ncubated at 42C for fiwp m nutes. Diluent solution added,
m xed and t he sol ut3om YerlOHarias 11w the° G ebi2 wehimutds Surecel | TM t est

devices, and fluidbygs allowed to fIOM/thrqyg@ & i. the test
wells. 2 8 OCT 200%514,&6%;2% test wells were vvasheg%vm{%ﬁ: vvash iésbol ution
i

(50 111 of a 1:10 @il uent  sol utd of® itPBHeBphate buffer (pH 7)
whi ch had been preMired to 550C for 30 m nuteshuMaSH NSy fePeat ed

mnutes the dye on the MEASAID (¢ YIS AL EHET CARET g EF col or chart
(values | to Hcogmpitisshes rigy ttheo Mighessterdensdyy) . Adapose lgshows  a
ST e L EledUERe AEYISNENS Abhe APV ALGBILY [esults
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.



are used in all Figures to represent nucleotides in the nuclejic acids or
primers, which nucl eotides have bases corresponding to adenﬂ%&,UQ@TﬁEBne,
guanine and thym ne, respectively. The el ectrophoresis results .are shown
as either positive (+) or negative(-). The probe results are shown as the
color chart value corresponding to dye density observed. Al of the
results are the average of two replicatesyg These data show that where the
Primers have a nucleotide with a thym ne base at the 31 end,

anplification efficiency remains high as evidenced by the positive

el gcér _ophor et: C r_esul trs]'[a{gd tg:,eﬁger@ﬂ])g d&xﬁﬂﬂ&fa% dﬁrt&i td aﬁ;t;_;hV\here prinmers
t 3y )

APl 1 cat on WAL IEE g hared ok STt fin & alHent the use of the

pLi mers agco; distd utoi ort hiirs fhrowsgtd ten bad fl f e o VierE ohe m‘iisﬂ'attrdﬁesbBeaig (c):r ngg(r)S

the 31 end o ' & d, HRY r | . T

-27-- Exanple Z: Ilengc;gt% ot;E)Lifi n('g I’Iji r?eotr gﬂiqhu% Kﬁ%’%ﬁ%zﬂa%on Havi ng

M smat ches at EPeRieAUSianr tdwmavhgnesi um Salt Concentration in

Amplification The anmplifLatd, Qfﬁ.p‘:&#ﬁ;ﬁ)ssﬂficﬁ( ¢ ) WRi# repeated

using the same naterials except that the anount of magnesi um chl ori de used

in the anplifi @dd%h aEh@EET e RINUERA dhe e AN JhelMeTREATS | and t he
dNTPs were presgid vibuwaiiet dcaminiisimy HQUH18W@Had hstwadief 16 tgml ar.

Thi S ) Qv conaentuait 90 1%, DeSD, Seshnal oL B LAY *Adpy ST G 01
shows the resula suimayst matirciot radfphartdsigeland dytrophioads ion amd h a
detectabl e 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.



probe, as described in Exanple 1. These results again confiraki%
advant ages of this invention as pointed out-above, except it 4 igbgp%%t
al so that the anount of nmgnesium chloride concentration did not affect
the results. This result was unexpected since the concentration of
magnesi um chl oride often affects anplification reactions. Exanple 3:
Effect of Using Priners in PCR Anplificq%}on Havi ng M smatches at 3' End
Usi ng H gh Magnesium Salt Concentration and Low Hybri di zati on Tenperature
in Anplification This exanple was carried out exactly as Exanple |I except

that the hybridizatlon ierrperEaftfuer% df d£§ grﬂiégtcﬂtirprpcﬁycl es was 40C

I nstead of 55C. The results agar ose gel

el ectrophoresis and hybri di zaERint i gt on ddaeinmdlienatiaied ndi cat e t hat

the priners having a nucl eotg,ple_:, W by qjgﬂ.ygn hasmelidde 3' end are

hi ghly useful for efficient anp [cation despite T Sha ches at the 3' end
as conpared to other priners. 28l (gncenipabion dnuapplificatial hod for

anpl i fying at |east one TW@@HM@M&@@rd@éM@WEﬁMe A
contacting a s el si n ucleic acid ner conp05|t|on
said primer coﬁg%'lsefrmln acoendm %%s@b%t?%ﬁ? W%‘fe%iﬁ)]ﬁ rﬁ@? s

conpl enent ary tthen aequehoe oﬁamsﬁumoctlelmri@&:ndsedl i-n/arhe p05| tion of said

sequence exceptarﬁ-)plsjh -ﬁq{gigé ! ‘H]%al 7 gﬂﬁopgr tﬂps g T@sul ting

in a single m snat e posi ween sal prlner and said
nucl ei ¢ acid é’@’é&ﬂeﬁf‘ce 3%|‘“d"§)rd S et presert dot ialctaiah anaHki ne

base in the posifiguo Ginsrdd THAMBEE bE 8 dukb 1 SHDS A d aldwesi mul taneously,

contacting said
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.




specimen with a DNA pol ynerase under conditions such that 2 Q@ﬁJ acid
is anplified in the resulting mxture by formng priner exténsi 2 uct
formati on and denaturation being carried out at least five tinmes 2. The
.method of claim1l1 for the anplification of viral DNA. 3. The nethod of
claim2 for the anplification of H V-1 DNA. 4. A nethod for the detection
of a target nucleic acid, said method conprising: A contacting a specimen
conprising a nucleic acid with a prid¥er “conposi tion, said primer
conposition consists essentially of a primer which is conplenentary to a
sequence of i Qucleic a 'd 1 i ion ci in every position of said
sequence except a single posit’ at t he 3' end of the prinmer, resulting in
a single msmatch at the single position between said priner and said

nucl ei ¢ acid sequenke, sAi@eghiofefonampdl by iMikRéotsidd MEh a thymi ne base

in the posﬁﬁggﬂ{pﬁc$gi@aqusmﬁﬁgmci@@naﬁrkgn@prn1hydrldlzed products of * t he
primer and said, nuclei

ext ensi on prodults iH° gg‘i‘(ﬂ“ﬁ)gbfll%?%%HheBrgall?cqu%}ngl mnﬁ%é,neg%t g%ddrﬁg and
anpl i fyi ngwsélh ck primer cextemsitonnpr oducts using a DNS pol ynerase in the

pol ymerise chain reagld O?rngers@cpﬁarpa}él@goﬁfteoﬁﬁi%%twsgerﬂﬁlamw oeixt ensi on
products and contactijng themwgth detection or a$t urtf:ﬁol I glgnulce %Otl de

probe to f%rﬁﬁ‘&*%br‘rﬂl‘%ﬁtsa??mﬁ’r SAueRahdop? HFARELTH ence of
sai d conpleﬂﬁnharyvepquuenlaa aﬁsnndleaQu@mc@fexheppneseneéedfosﬁﬂantarget

e oncl ofl ThE"sr M ERECIRE b rit o ThEC ERHAAG Of £12h 016 Pl @ncapt ure
ol i gonucl eo e an et eC | S accor’rp 'S usli ndg
th e single 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,



bi oti nyl ated prinmer and an avidi n-enzyne conjugate. 6. The ne?@p% &Ialm
‘5 wherein said conjugate conprises peroxidase. 7. The nethod of é ak

for the detection of H V-1 DNA. 8. The nethod of claim4 wherein detection
irs acconplished using a probe which is |abeled or capable of being |abeled
with an enzyne. 9. The nethod of claim8 wherein said enzyne is

per oxi dase, and said detection is carrjed_out using a conposition which
provides a dye in the presence of peroXidase and hydrogen peroxidase. 10.
The nethod of claim4 wherein one of said primers is either attached to or
capabl e of bein®- atfacndd & gramearnsslens o subtdwtis 1nsaif REPEbdIZe t he

detection @f o@tudt@aijm@rmﬁl g peg@@haﬁﬂgnﬁﬂdnyﬁlpqu Py ﬂpg ¢ ahan fign &0
conplenentaéygstra

t t d
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consi sting essetial lypQfatfh PEE YR GR g BrAATR! RN Aoh pRodusaguence of
one of the nucleic acid strands in every position of said nceé&x ept
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in a singhpgotiespatirmta saimpde ngdet apgsptodmchetasekn the prinmer and said
nucl ei ¢ acid stand, d%g'egtpr{n%%r B?ngﬂcé QF%‘a‘?ﬁth’ﬁ]ﬁ’Y'etn‘? ftafylym ne base
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presence of a thernostab pol'yrer ase, na g 4

capture ollgonucleotlde and detectlon 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



t he deoxyri bonucl eotide triphosphates dATP, dCTP, dGIP and dTTP, form ng
extension products of said priners in said hybridized producﬂéi[MHiéMB
extensi on products, when separated for their conplenents, can serve as
tenpl ates for synthesis of said extension products of the priners, D.
separating said prinmer extension products fromthe tenplates on which they
were synthesized, E. contacting said separated extension products and said
predeterm ned nucleic acid with additidénal prinmers conplenentary to the
strands, resulting in anplification of the nucleic acid to form

conpl ement a1 o PE OslbiEhi$onFat SRS Btd N 58k & @I TR e €XF &NSIt PR PfPuUCt s from
the conpl er.reniar _grodu%ts for.ged. in step.E, G, contacting at |east one
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product, and”H detecting the corrplllement ary pro dct f'or med in step Gas an
i ndi cation of tHelpresenidBesfake ¢iprdensomisigdeontet et vadihdong phe.

speci men, h2ordheaiditibadl qfried & Inwldi 1ora rehgu et £€tila®ny Qfo m bl ¥nd e ANy N

whol e bl ood oy, senen. 13. The .nethpd of, ¢claim11 carried out by repéating
steps E angoF{l}?gﬁgrt%r§6‘C{1|%r¥essa]b(g &céebgref%lr ing step G 31 14. The

met hod of clai msp gsviveferm hobeidhand aneo dmatd eifctlacipdifrormes aadsiingl e
m smat ch Wintdt 1iei 8 HidBErad®s, The nethod of claim| wherein said pol ynerase
is isolated from Ther rrushfa%ﬁati cCus or. i s, prepared.usin reconbi nant neans.

16. The method &f cl Afnh EFENGSsaf f pBFYMASIES i RO HBERESCaA ™ and i s
i sol at ed ftbm dherpusbaguatectisd ortriphoppbpaeed ATiPhgd CA&RNMAIGERt andans.

dTTP, forming extension products of 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.



DI AGNCSTI C AND AMPLI FI CATI ON METHODS OVERCOM NG A PRI MER- TAR 'E}(lf\(l SIVISTCH
AT THE PRI MER 3' END Abstract of the Disclosure Methods for IMTying 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
primer and the target nucleic acid. The msmatch is |ocated at or near the
3" end of the priner. Such a msmatch is overcone using a priner having a
nucl eotide with a thymne base at the position of the m smatch. The use of
such priners is nost likely to prine3the target and form priner extension
products. This method is particularly useful for detection of a nucleic
acid sequence which i nop,Lublot SPBN. 1 A WPETEH LRSS o §r ARSI IGRAP! ©
heterogeneity in DNA target from patient sanples. )
nucleic acid forms a single mismatch with its primer.
15. The method of claim | wherein said polymerase
1s isolated from Thermus aguaticus or i1s prepared using
recombinant means.
16. The method of claim 4 wherein said polymerase
1s thermostable and is isolated from Thermus aquaticus or is

prepared using recombinant means.





