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Det ection'of a'Nucl‘eic Acid Sequence or a Change Therein 4. W
Techni.cal Field This invention relates to a nethod for
detecting a specific pol ynucl eoti de sequence in a material, a

met hod for dakﬁﬁkbﬂg at least two different specific polnﬂﬂgk kk&g
sequences in naterral having a pluralit of di fferent polynucleotide
sequences, nethods for detecting whethér speci fic nucl eotide or
base is at a parti cbétartiposirtd Bkt &18[$GcﬁuefxdeCor a Change Thef®@hynucl eoti de
sequence, nethods for detecting whether the sanme or di fferent
speci fic nucl eotides or bases are atlepattalddtldr positions in at

least two differenhispaghfion reeienuel catirte racaitenniag 4 psttieri al having a

I it f I f
et act) ?he%lges xsmdeogé%gkg% ﬁ,os'ng@ersenquaemad 8 SEf2elicng: gﬁﬁgﬁeot or_

sequences in A BTAMRISPHATI T §°’§mﬁﬂ ﬁ?tép‘i €§ﬂ"8‘¥“a| Pf"‘é?égﬁf‘ ﬁBYVE Bariae
sequerices andO‘édm‘@mnm(yOﬁm’nJhmsid‘eoﬂqej%flcésot'ﬂeﬁ@j?d\?\/rf@t‘ Hekeqthes shevherop dif ferent
speci fi ¢ nucl egetcmes:wereobme& Bise & aparfargubiar pooiibi OAS kpecaticl east two -

ditferent spegi h&apakwyé‘due&fe' %t&%g%meﬁcumgrm&ﬁ.uadhefm& gg a plurality
of different f?yx}eng speci%fl nué?q%¥%g?s gr b%ses aﬁe aﬁt?aFttcular positioﬂs An at

Background Ar nhique for the
detection of least two diffigpensniper 3 iROEYUBIGRIAL S&TURRTeRy Y Makies i i 3 N9s? ng
ol i gonucl eot i gwretity of differentppdlynurdbatode skupcehes . scréening hetbod éahni que,

the target nugiRkAngthd pl‘éence of at leaHSHA! di¥repOUNEheci FilceYBRyRicPdotiget O @
sol 10 support stigh o3, SETHTRRE 8L L8Oy or arererane S, hAVRRLGD P obe 1

t hen added utt on "un if there
i s sequence hé?ﬂHF’thil aB‘ét‘G\'i?éh’“@H@"b?déb@raﬂ‘iH“ttH’é ¥haFhget theutameios Sitferent

specific nucleotides or bases are at particular positions in at least two
different specific polynucleotide sequences in material having a plurality
of different polynucleotide sequences.

Background Art ;

At preﬁent, the most-common technique for {he detection of
polynucieotide sequences is hybridisation using oligonucieotide or
polynucteotide probes. For this technique, the target nucleic acid is
usually bound, irreversibly, to a solid support such as cellulose or nylon.
The Jabeiled probe is then added in solution under hybridising conditions
and if there is seguence homology between the probe and the target nucieic
acid, the probe will form a hybrid molecule with the target polynucleotide.
This hybrid can be detected in a variety of ways such as by radiolabelling
or biotin labelling. The disadvantages of this technigue are, firstly,
that it requires considerable operator expertise, secondly, the technique
is lengthy and time-consuming and thirdly, cannot be easily automated.
Often the entire procedure can take more than 48 hours.

. The Yiquid-solid methods normally employed for detecting specific

- . pucleic acids in samples include Southern blot, Northern blot and dot blot

. hybridisations. These methods are slow, inefficient, technically demanding

. and are not easily automated. The Southern and Northern blot protocols
have the further disadvantage of inefficient transfer of nucleic acid from
gel %o paper. Other groups have used liguid-solid hybridisations in which
3 capture probe is bound tb a solid support and the DNA sequence of
interest in the sample becomes bound to the capture probe. An exampie of
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acid, the probe will forma hybrid nolecule with the target polynucleotide.
This hybrid can be detected in a variety of ways such as by radiol abelling
or biotin |abelling. The disadvantages of this technique are, firstly,
that it requires considerabl e operator expertise, secondly, the technique
I's lengthy and time-consumng and thirdly, cannot be easily autonmated.

Oten the enti dure can take nore than 48 hours.
l'i quid-solid g@fﬂgﬁgﬁﬁornally enpl oyed for detecting speci*ﬁ%gAumwnm”z

nucl eic acids in sanples include Southern blot, Northern blot and dot bl ot
hybridi sati ons. These nethods are slow, inefficient, technically demandi ng
and are not easily automated. The Southerpn and Northern blot protocols
have t he furtherdisadvantag? of inefficjent transfeﬁ Sf nucl eic acid from
gel to paper. ®ihét §rYEY ﬁ&\fétiﬁeﬁeﬂifgiﬁt&‘?"sm'iﬂJ‘ RIBt 184 YoATh €835 RS whi ch
a capture probasing olregt tiwo 1 tashicdeatdifrporobe anehicharOrprpdengateny doof
interest in thewsaml exdiecosesgidosind the skive tarapt nucdejzr die. inAD 169038l € of =
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' probe. However, this method requires a second, detector probe to hybridise

to the DNA sequence of interest. This step reduces the specificity of the
assay and subsequently increases background. The present invention
overcomes thls problem by involving only one probe which acts both as
capture probe and as detector probe.

In contrast to liquid -~ solid hybridisation, liquid-ligquid
hybridisation has very rapid kinetics and improved sensitivity due to
greater access of the probe to the target seguence. For example,

Gene-Probe Inc uses a liguid hybridisation hydroxapatite method to detect
DNA sequences. The main disadvantage of this system is that it relies on
adsorptive discrimination of double-stranded DNA from single-stranded DNA
sequences rather than sequence-specific separation of hybrid from excess

- probe. The present invention overcomes these disadvantages by a11ow1ng'the
nucleic acid hybridisations to occur in solution followed by the removal of
the "hybrid" molecules onto a solid support matrix. Another potential
advantage of liquid hybridisation is that a generalised solid support can
vork for a multitude of targets if the support - binding probes are
labelled with the same capture molecuie.

Several cases exist (Australian Patent specification nos.

AU-A-70152/87, AU-A-26755/88, AU-A-53105/86, AU-B-89575/82 ang ..
AU-A-80097/87) which use a combination of two oligonucleotide probes to

detect specific nucleic acid sequences in a sample. A}l these require the

use of two short sequences of DNA on the target. These segquences must both

be conserved in all possible target, must be mutually exclusive and .:
non-overlapping and must have a similar G+C ratio to enable both probes to
hybridise to their complementary sequence under the same conditions.

There is related background art concerning the use of a capture probe
to detect the nucleic acid seguence of interest and to remove it from
solution by binding the hybrid to a solid support matrix (Australian Patent
specification nos. AU-A-70152/B87, AU-A-53105/86, AU-A-21781/88,
AU-A-69724/87, AU-A-14005/88). However, these techniques use separate
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mut ual | y excl usive regions of the same target nucleic acid in a liquid
hybri di sation format to anneal the probes to the target, if it is present,
and detecting the presence of the target by inmobilisation of the two-probe
target sandwi ch by one of the probes and subsequent detection of the other
probe. However, this nethod requires a second, detector probe to hybridise
to the DNA sedHeA¥@945F interest. This step reduces the spe®CriAliopspoass t he
assay and subsequently increases background. The present invention
overcones this problemby involving only one probe which acts both as
capture probe and as detector probe. In contrast to liquid - solid
hybridi sation, liquid-liquid hybridisatiof-has very rapid kinetics and
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for analysis, and which results in stable hybrids thereby allowing the
unhybridised material to be easily removed from the sequences to be
detected. Accordingly, the present invention provides a liquid
hybridisation system in which a single probe hybridises to the sequence of
interest and is then covalently extended to produce a stable hybrid. This
hybrid is then captured on to a support matrix and subsequently washed to
removed unhybridised material. The system described by the present .
invention is simple, rapid, sensitive, can be read visually or on a simple
. plate reader, and may be readily automated.
- In this area of nucleic acid hybridisation there is a need to detect
two broad types of diseases: 1infectious and genetic. In relation to
infectious diseases, a number of DNA based systems have been described to
detect diseases caused by bacteria such as Salmonella, Neisseria, parasitic
organisms such as Chiamydia and Rickettsiae, viruses such as hepatitis B
and protozoa such as Plasmodium. However, all of these suffer one or more
of the disadvantages 1isted above. )
In relation to genetic diseases which are characterised by a mutation
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>3- capture and detector probes, resulting in a nunber of disadvantages
as detail ed above. The present invention overcomnmes these problens by
using a single capture/detector probe system There are nmany
exanpl es avail abl e of attachi ng non-radi oactive reporter nolecules to
DNA, to enable the detection of specific hybrids. However, when biotin is

i ncor por ated iy Sdolsg DNA ol ecul e for detection, even tﬂ?”%n“ﬁﬁM&ra
ere

biotin nol ecul es may be incorporated per target nol ecul

I ncreasing the sensitivity of detection) the mechani sm of vi sual i sing the
I ncorporated biotin is conplex and.tine consum ng. By contrast, the
i ncorporation of other non-radioactive reporter nol ecul es (such as
fluorescent, |um nescent, chem | um nescent nol e enabl es rapid and

sinple detecti dfie'sEiopndniestiony relig mifation %v@%ﬁ"“ﬂ?@’ thy dedrielogy tisonl y
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therefore, a deseern’ Brot shybiidNaeionetdrogbtudtiah Uhé lukEes shb& ol tgonucleotide

probes to detect point mutations also has several serious disadvantages.

In particular, the hybridisation conditions must be precise to ensure that
& single base-pair mismatch does not result in hybridisation. In practice,
salt concentration and temperature determine the specificity of the
hybridisation conditions and these are not easily controlled to the
required preciseness. The present invention overcomes the need for
Southern hybridisation analysis and for precise control of hybridisation
conditions. It achieves this by the specific primer probe hybridising to a
constant section of the gene adjacent to the mutation and allowing the
enzyme, & DNA polymerase, to extend the DNA chain up to and including the
nucleotide or base mutation. By manipulation of the dideoxynucleotide
added to the polymerase reaction all of the possible nucleotide changes can
be detected.

Detection of both infectious and genetic diseases requires the
incorporation of some type of labelled molecule into the system. Various
radicactive isotopes or radioactivity labelled compounds may be used as
labels. However, radioactive labels have several disadvantages, including;
(1) hazardous, (i{) expensive, (11{) limited shelf 1ife, (iv) reguire
expensive equipment for measuring the signal generated. More recenfly, a
range of non-radioactive sﬁbstances have been used to detect DNA
molecules. Examples of non-radioactive labels are fluorescent,
Tuminescent, chemiluminescent, enzymatic or immunological compounds.

Labels based on the affinity of biotin and avidin or streptavidin,
lanthanide chelates, lectins and proteins may also be used. The preferred
detection means would be by spectroscopy or photochemistry or by the
formation of a detectablie compiex between the label moiety and the
polypeptide, lectin, or antibody linked to an entity capable of generating
a detectable change, inéludtng enzymes such as; alkaline phosphatase-or
horseradish peroxidase.

However, what is lacking in the current technology is a single system
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rapid kinetics of liquid hybridisation, which only requires a single probe
for analysis, and which results in stable hybrids thereby allow ng the
unhybridised material to be easily renmoved fromthe sequences to be
detected. Accordingly, the present invention provides a |iquid
hybri di sati on systemin which a single probe hybridises to the sequence of
i nterest andwioyelebszg coval ently extended to produce a st apgreatduleoesd. This
hybrid is then captured on to a support matrix and subsequently washed to
renoved unhybridised material. The system described by the present
invention is sinple, rapid, sensitive, can be read visually or on a sinple
plate reader, and nay be readily automated. In this area of nucleic
acid hybrldlsatlon there is a need to detect two broad types of diseases:
i nfecti ous andhipenetempassen: r €1)as irepidt meany af deteching adpelypudecti¢e nunber of
DNA based systsgafanhtaV@1pesrthdaseurrbadntlp seskdtbet toddeteds éov oabeabfbhe

bacterja such I , =¥ r RFOABLEMR . SYUeh as
Chl anmydi a and tﬁgcegek gmﬁgéem\;rér\lgk'@% ah@“ﬂg Vﬁ'%htahf{‘o and protozoa such

as Pl asnodi umPresieves single syitep ﬁé§1é¥§elif$@rth8 Yo' B 1‘rrﬂ?"ts of the
di sadvant ages | i sthsda bealeaspect, the nepg tp eedact setd! geaPrdedti®ases which
are charact er isg@fné¢ B MibRiie oRquires the organiswBoB@F BIA5Feps etther; (1)

PCI / AU90/ 00058\nto a simple kit format, or (ii) into an automated device: 4uhereas both,
kits and automated machines, are available for detecting proteins by way of
antibodies, no systems are yet available which simply, rapidly and
inexpensively detect specific polynucieotide sequences in a sample.

Objects of Invention

It is an object of this invention to provide a method for detecting a
specific polynuclieotide sequence in a material.

Another object is to provide a method for detecting at least two
different specific polynucieotide sequences in material having a plurality
of different polynucleotide sequences.

A further object is to provide methods for detect1ng whether a
specific nucleotide or base is at a particular position in a specific
polynucieotide sequence. o

Yet another object is to provide methods for detecting whether the
same or different specific nucleotides or bases are at particular positions
in at least two different specific polynucleotide sequences in material
having a plurality of different polynucleotide sequences.

A further object is to provide a screening method for detecting the
presence of at least two different specific polynucleotide sequences in
material having a plurality of different polynucleotide sequences.

Another object is to provide screening methods for detecting whether
the same or different specific nucleotides or bases are at particular
positions in at least two different specific poiynucleotide sequences in

“a material having a plurality of different polynucieotide sequences.
: Disclosure of Iavention
> The following abbreviations and definitions apply throughout the
specification and claims:
SP - specific primer: a nucieotide sequence complementary to a
portion of the target sequence
Jarget - the nucleotide sequence to be detected in the sample; can

be derived from, for example, any infectious or parasitic



(deletion, insertion, point nmutation or translocation), the technology is

| ess well devel oped. These types of diseases are currently diagnosed
either by using restriction fragnent |ength pol ynorphi sm (RFLP) anal ysis or
by precise hybridisation of short oligonucl eotide probes. RFLP detection
requires that a restriction enzyne site is altered by the nutation and this
is not always n addition, RFLP analysis requir of
Sout hern bl ot ybrlgésatl for detection. The use of sho ?Thﬁﬁwﬂags

ol i gonucl eotide probes to detect poi nt nutations al so has several serious

di sadvantages. In particular, the hybridisation conditions nust be precise
to ensure that a single base-pair m snmatch does not result in
hybri di sation. In practice, salt concentséati on and tenperature determ ne

the specificity of the hybridasahiam@madingi Qnss, anmglshasetaig not easily
controlled to the required gJ @Ia aness. og'pegr%g%g?tetd nvention overcones
tl

the need for Southern hybri on an preci se control of
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hybri di sing to &nzymenst ant- sanyt PXAndepéndetite Diife prs yimedp sec enRNA depehdenindilat i on and
all owi ng the enzyrre a DNA pohigresease, to extend the DNA chain up to and *
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nucl eoti de changes can be dete Ction of both infectious
and genetic di sad¥®s requitedllt fryr digroaynibengeicotides thainks d¢AJB. dfCTPabel | ed
nol ecul e into the system VaddGURignd daXiPaaCkelVasidiotropes or radi oactivity

| abel | ed conpoungls may be usgde.gg: dphGles: aHgmwﬁrwmaaqkrpe@tcwaeempel s have

several disadvantages, |nclud

limited shelf life, (iv) req fepged 'S% %H%‘ﬁe%’gﬁﬁf ;S’Ht(a’r‘if’ 195, SeRHERER F10, {faithe
signal generated. Mre recenﬁvybeam”F@Hg@yd*sﬁ@ﬁfpadﬁﬁabﬂ$V§th§@tances
have been used to detect DNAindtedceénul esr ckamphpl Biotf, ndivisedbaact cudoh abel s
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conmpounds. Labels based on
streptavidin, |anthanide cheipif #11_,0 ¥CEP| m?iﬁeaul' néﬂ’ﬁgngng]l)}'orﬁsgembe used.

The preferred detection rreaﬁ'?déﬂiﬂ? G“‘bé”d? SPBEY 6%"(35%’7969“3%'& ochemi stry
or by the formation of a derlespabéss reooyibees et igeifetase; kabednonimnet y and
the pol ypept| de, lectin, oramabddpody |linked to an entity capabl e of

generating defypibabl e chapgg:. tHchading QUAYIBS RUR @ She 8 K7l kD
phosphat ase or
deoxyribonucleotides

c -~ capture molecule: a molecule which can be covalently
attached to a nucleotide or nucleotide sequence and that
will subseguently bind to a specific affinity molecule.
For example, biotin (binds with avidin or streptavidin};

"antibody (binds with antigen): antigen (binds with
antibody)

SAM - specific affinity molecule: a molecule that will bind
specifically with a particular capture molecule. For
example, avidin or streptavidin; an antibody; an antigen

SS - sotid support: any solid matrix to which the SAM is
attached. For example, agarose; pelyacrylamide; magnetic
beads; polystyrene; microtitre plates; nylon;

nitrocellulose
Hash - addition and removal of a solution for the purpose of
removing unreacted moiecules _
Stringency - conditions of salt and temperature which affect the

stability of the hydrogen bonds between two nucleic acid
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of Invention It is &eppetwtevet oofion Balg embathti on to provi de a nethod

for detecting aassaypecific

Anot her,, object .is to provid
di fferent specific pol ynucl
of different p%!ynucleotide

Y -

ddT -

dd7-C -

immediately
adjacent -

Rl yrodedveotthae 1 S apeteficefdr NdededtRAE theabetector
RorRciet H0knk Preadl 8F GlelduPsh @ﬁtréreat?atn{a%el or
eot ﬁg apgyences In material having a plura
Ay

any one of the four deoxyribonucleotides

any one of the four ribonucleotides or
deoxyribonucleotides; in the exampie Y will form hydrogen
bonds with X, 1e, a nucleotide sequence of nine Y's will
be complementary to a nucleotide sequence of ¢ X's

any one of the four nucleotides forming a sequence not
compiementary to the sequence
dideoxythymidine~5'-triphosphate: ddT has been used as
example as it base pairs with A in the target sequence.

If the base to be detected was C then ddG would be used, G
with ddC and T with ddA.
dideoxythymidine-5*-triphosphate/capture molecule complex:
odT has -been used as example as it base pairs with A in
the target sequence. If the base to be detected was C
then ddG would be used, G with ddC and T with ddA. The
capture molecule is covalently attached to ddT and
represents any one of the capture molecules described
above.

means that there are no nucleotides or bases between a
primer boqnd to part of a specific polynucleotide sequence

and a speé&fic nucleotide or base to be detected

fraction -

intervening
sequence -

means at least a portion of a mixture resulting from the
reaction of an oligonucleotide primer{s), extending
reagents, specific polynucieotide sequence(s), detectable
element(s) and/or separation elements

means at least one nucleotide or base between a primer
bound to part of a specific polynucieotide sequence and a
specific nucleotide or base to be detected

lity
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A furt her object is to provide nethods for detecting whether a specific
\nucleotlde or base is at a particular position in a specific

polynucleotlde sequence. Yet anot her object is to provide nethods
for detecting whether the same or different specific nucleotides or bases
are at particular positions .in at least two different specific

pol ynucl eoti de sequences in naterial having a plurality of different

pol ynucl eot i dg.gssigeRCes. A further object is to pEAYAGR/BOsS
screening nethod for detecting the presence of at |least two different
speci fic polynucl eoti de sequences in material having a plurality -of

di fferent pol ynucl eoti de sequences. Anot her object is to provide
screeni ng net hods for detecting whether _g.he same or different specific
nucl eoti des or ?fses At part i cul ar positions in at |east tvvo

di fferent speC| 3?%7 tfcl eoti de sequences jn mat erjal havin

plurality of dlprT"lSFent pol yhatN9e stepddeh Airdpicetctd olecule With a typical

Di scl osure of Invention tength dthé toobld oweilenddels vt \damtbe0d®¢ @nebreefiniti orfs

apply throughout the  spéeciuiddide@whdéihgs @iseFience @Mpiementary to part &Peci fic
prinmer: -a nucl eotide sequenﬁ‘ge%%qmwég@mea{e\éugnge 3o be detected portian

of the target sequence huct eotl de sequence to be

detected in théP¥dfiffl e; can be derived from for
exanpl e, any i mbbotileodor parasitic .. VWD 90/ 09455
PCT/ AU90/ 00058 sequence - a partly or completely known sequence of nucleotides

hybridisation - the physical association of the oligonucieotide pfimer
' with the complementary region of the target polynucieotide
sequence to form a double stranded hybrid nucleic acid
molecule
An interfering detectable and/or separation element is, for instance,
one which is the same as that which is incorporated at the position
compliementary to the specific nucleotide or base to be detected, eg:
{A) Consider a single nucleotide or base Nl to be detected in a
specific polynucleotide sequence S}. Assume there is a bound
oligonucleotide primer P1 having a seguence complementary to part
of S] and which {s bound to S1. Assume there are intervening
nucleotides NA, NB ang NC between P, and N]. Extend P}
up to and including NI with complementary nuclieotides to NA’
NB' Nc and N], namely, ND, NE. NF and NZ'S] (ST
corresponding to a separation element) respectively; then the
following conditions are required:
NA NB or Nc cannot be N
(B> Consider two nucleotides or bases Ni and N2 to be detected in two
different specific polynucleotide sequentes S.f and S Assume
there are two different oligonucleotide primers P] and P2 (bound
to S1 and S2 respectively) having sequence complementary io part )
of S1 and Sz. '
Assume there are intervening nucleotides NA' NB and Nc between
P.l and N1 and intervening nucleotides NX, NY and NZ between PZ
and NZ' Extend (al P1 up to and including N] with compiementary
nutleotides to NA' NB, NC and N], namely, ND' NE' NF and
NB-D] (D] corresponding to a detectable element) respectively; and
(b P2 up to and including NZ with complementary nucleotides to N
NYT NZ and NZ, namely, NO, NP’ NQ and N4-D2 (Dz

X)



16- organi smincluding any virus, fungus, bacteri a,

mycopl asma, nenat ode, protozoan etc Pol ynmer ase Enzynme - any DNA
dependent DNA pol ynmerase or RNA dependent DNA pol ymer ase
dNTP - all four deoxyribonucleotides that is dATP, dCTP, dGIP and
dTTP as wel |l _as dI TP and dUTP = ddNTP - all four

di deoxyri bon¥A¥EPFes that is ddATP, ddCTP, PCT/AUN/80%8TP and
ddTTP as well as ddI TP D - detector nolecule: a nolecule

whi ch can be covalently attached to a nucl eotide or

nucl eoti de sequence and t hat can be subsequently assayed
for either directly or -3-indirectly. For exanple, biotin;

radi oi sot opes cofre€@nhiion, to another detectabie elemenbydr ogen, i odi ne, phosphorus
and sul phur;  apy, 8t tdA98king conditions are required:haptens; fluorescent nol ecul es

including flu cei.n rhodam ne and eosi n, enzynmes

i ncl udi’ ng al kg%%ﬁ IN and Dy = Dy phosphat es, peroxi dases and

| uci f er ase; aﬁ?e"rrdh\ocl orPaI anti body  dNTP-D - a
detect ér nol ecul e oval ently bound to one of the four .
deoxyri bonucl eot i dgs G cannot be N, - capture nol ecule: a nolecul e which
can be covalently Nc ) I attached to a nucleotide or nucleotide
sequence and that X wi Il subsequently bind to a specific
affinity nol ecul e. Ny ) For exanple, biotin (binds with
avidin or streptavidin);? anti body (binds with antigen);
antigen (binds with ant i body) SAM

specific affinit I nol ecul e that will bind
specifically vgit% m%?ﬁ?legﬂ ]a¥2 capture rrlgl ecdle. For

exanpl e, avid rbr st re avidin; an antibody; an antigen SS -
solid support: anyMgolid matrix to which the SAMis
attached. For exampl e, agar Qaﬁ;otpﬁllyasrr)( am de; magnetic

beads; pol ystyr ene“ mcrotitre plat es | on;
NY )
If N1 does not equal N2 D] does not equal D,
NB ) cannot be N]
Ny )
NY ) cannot be N2
Ny )

According to a first embodiment of this invention there is provided a
method for detecting a specific polynucleotide sequence in a material

comprising: -
) 3) exposing said material to an oligonucieotide primer having a sequence
- complementary to part of sald specific polynucleotide sequence

wherein said primer binds to part of said polynucleotide sequence
when present in said material;

b) extending primer bound to the polynuclieotide sequence wherein any
extended primer includes a detectable element and/or a separation
element;

<) separating any extended primer into a fraction wherein said fraction

" does not have detectable element not included in said extended '



snhitrocel | ul ose Wash - addition and renoval of a solution for
the purpose of renovi ng unreact ed nol ecul es Stringency
- conditions of salt and tenperature which affect the

stability of the hydrogen bonds between two nucleic acid WO

90/ 09455 - PCT/ AUR0£60058
-7- nol ecul es. For exanpl e, the hydrogen bonds are nost
unst abl e at hiWho%®asngency refl ecting either high PCT/AU90/00058
tenperature or |low salt or both. Assay - any procedure that is
specific for detecting the detector nol ecul e and. t hat
can be neasured either qualitatively or quantitatively
X - any one -of the four deoxyoibonucl eoti des Y -
any one of the fourpﬁhgqngﬁleotidef or 0ot v

deoxyri bonucl eof,i des;, | he exanple Y. W ar rogen

bonde wi th %, 12, aOSrEE BN e IS Ak Tee piRE (P STeT Tn se10 fraction
be conpl enentary tobsadrasingotdi i dracdiprefrresadyd eytepded priger wherein the . gpy °
one of the four nucprestrcded fadd mkirgdal magerehcéndiodtive of the presence of the

conpl ementary to thgesfqueReHuciedilie sequence in satd RtEARXMhOWR dbHfed of

-triphosphate: ddT paaiﬁ eQ%&Gecyﬁre'l%eraﬁn said fraction is indicative of the absence of

the specific polynucleotide sequence in said material.

According to a second embodiment of this tnvention there is provided'
& method for detecting at least two different specific polynucleotide
sequences in material having a plurality of different polynucleotide
sequences comprising:

a) exposing said material to at least two different oligonucleotide
primers each of said different oligonucieotide primers having a
seguence compliementary to part of one of said different specific
polynucleotide sequences wherein each of said primers binds to part
of one of said different specific polynucleotide sequences when
present in said material each of said oligonucleotide primers binding
to part of a different specific polynucleotide sequence to the other
of sald oligonucleotide primer(s);

b} extending said different oligonucieotide primers bound to their
different specific polynucleotide sequences wherein any extended
primer includes a detectable element and/or a separation element;

c) separating any extended primers into at least one fraction wherein
said fraction(s) does not have detectable element not included in
safd extended primer(s); and o

d) determining whether any extended primers are‘bfesent in said
fraction(s) by assaying said fraction(s) for at least one of said
extended primers wherein the presence of said extended primer(s) is
indicative of the presence of at least one of the different specific
polynuclieotide sequences in said material and the absence of said
extended primer{s) in said fraction(s) is indicative of the absence
of at least one different specific polynucleotide sequence in said
material.

According to a third embodiment of this invention there is provided 2
method for detecting whether a specific nucleotide or base is at a
particular position in a specific polynuclectide sequence in material
comprising: -



-

sexanple as it base pairs with Ain the target sequence.

IT the base to be detected was C then ddG woul d be used, G

with ddC and T with ddA. ddT-C -

di deoxyt hym di ne-5" -tri phosphat e/ capt ure nol ecul e conpl ex:

ddT has been used as exanple as it base pairs with Ain

the target s&YR¥MMSS |f the base to be detected was C PCT/AU90/00058

then ddG woul d be used, Gwith ddC and T with ddA The T
capture nolecule is covalently attached to ddT and h

represents any one of the capture nol ecul es descri bed ,

above. I mredi atel y adj acent - md&nhs that there are no nucl eoti des
Orl basels bf‘? ‘C’i\eﬁﬂ a exposing said material to #A' $)TBSnubRUNGe LpP1mRAMHav g @sf@@&'ef I C

pol ynucl eoti de sequ 0 or
base to be det ect'ean%ﬂpc'g?e%?rryotr? part Of-thenﬁ’gﬁgqgtp @]@Q@?&éh%g?#ﬁ?hﬁe "c'ﬁfeg%n
mxturé resul ti ng fSaddrPr mer binds to part of satd speqlfir.palyppcheotige sequence in

ol i gonucl eoti de pris=kdé aderiadximpediptrjy adjacent to the particular gagidiers, specific
pol ynuel eot i depsequanar () prifat Bsth@Rbethe specific polynucieotide SéRBRBIKISY and/ or

separation el ement he p'rg'&ggc; \fﬁﬁ:’ﬂﬁ boun€ PHaF Qs only %xtemnc?p 8 a}]t?aSt one

nucl eoti de or base be 0 part of a

pri und
specific pol ynucl edff @eﬁgﬁ&‘:qgkd"‘éd”ﬂde or base when sl sg‘bcé%\‘f i C
nucl eoti de or base nuglegtidgareipseds at the particulanpoybyign4gsthe specific
PCJ/ AU90/ 00058 polynucleotide sequence wherein the extended primer has a detectable

element and/or a separation element at a position complementary to
sajd specific nucleotide or base;

c) separating any extended primer into a fraction wherein said fraction
does not have detectable element not included in said extended
primer; and

d) gdetermining whether any extended primer is present in said fraction
by assaying said fraction for said extended primer wherein the
presence of said extended primer indicates that the specific
nuclieotide or base is at the particular position in the specific
polynucleotide sequence and the absence of said extended primer
indicates that the specific nucleotide or base is not at the
particular position in the specific polynucleotide sequence.
According to a fourth embodiment of this invention there is provided

a wethod for detecting whether the same or different specific nucleotides

or bases are at particular positions in at least two different specific

poiynuclieotide sequences in material having a plurality of different
polynucleotide sequences comprising:

LY exposing'said'ﬁéter1a1~to at least two different oligonucieotide
primers each of said different oligonucleotide primers having a

) sequence complementary to part of one of said different specific

. polynucieotide sequences wherein each of said primers binds to its
complementary polynucleotide sequence when present in said material
each of siid oligonucleotide primers binding to part of a different
specific polynucigotiqe sequence to that of the other primer{s) ang
wherein each of said primers binds to its complementary specific
potynucieotide sequence in said material immediately adjacent to the
particular position; ' .

b) extending sajd different oligonucieotide primers bound to their



-8-

‘rol ecul e with a typical
nor e nucl eoti des whi ch has a

ol i gonucl eot i de pri mer - a single stranded nucleic acid

but can be 200 or

sequence conpl enentary to part of

| ength of 5 to 60 nucleoti

t he pol ynucl eot i

sequence to be detected specific pol ynucl-eoti de sequence -
partly or conpletely known sequence of nucleotides hybri di sation -
physi cal assoGyglhpéys®f the oligonucleotide primer PCT/AU0/00058
with the conplenentary regi on of the target pol ynucleotide

sequence to forma double stranded hybrid nucleic acid

nol ecul e

for instance,

posi ti
eg:

An interfering detectable and/or separation elenent i
one which is the sane as that which is incorporated at

on conplenentapé to the specific nucleotide or base to be detec
o

(A Consi der &P

speci fi c pol ynucl eot thdebosmtiprimerns S enly] extentied ypetotanériecivding twupriticular

ol i gonucl eoti de pri
of S[err] and which

nucl eotides Nerr],

Plerr]

up tYensa

to N[err],
N err] and N erreh- S| sphdat{ng] yrdxtended primer GOrvheshpimizdixtegnded oatysepavat i on
el ement) respectivel yecifh@'ﬂuéllagtide or base at @l 9Wcﬂ¥hrcﬁb@df15h QRfo BF QedRAUI 1 ed:

N err]

N err] or Nerr t
or bases[ N[ e]rr] anEj ?\W[e]e aﬂ?’b"?)eerezﬂe%%’éjt }e’a‘ﬁ%" 8% "o YR G t?f\éotfjéreﬁ'f’
speci fi ¢ pof ynucl eot #ieinsiifekie 631 GSpefepjedapidmest @pf ] . Assune t here

NEYst fion WAdH B0 d SspE EFHE MGE eSABP L TR 8 Wt tRe RAFdicular

err err

PRI 2 14eRF5H10 ot 2 FRea A1/ Bheint A TR EhOM £ E0ET L
N erppgiticm[eqw]enamm[tersmd sReaHEF yruchgpeide|or byserr]

%Egggi"qgt (N E&qqa guﬁé&%@e qngr B+ ;\V@fa@rr P

Ieoild

are two different ol degonicingoheiher pti Rests ofd] exteqdedupdinef disrgrefdntuindsaid
to Slerr] and S[err]rhagabRGh ivyeds¥dying\sh i rS@eNeRL0 & of QAP %mm&e%r?uh@mpﬂr

of S[err] and S[err].

Nerr],

N err] and

hee)r*eri fkt}e preﬁ%?e aguheg&e%d% Srihm %d\‘@apcl pgchg'
nucleotide or base is at a particular position in a specific

polynucleotide sequence and the absente of said extended primer(s) in
a fraction(s) indicates that at least one specific nucleotide or base
is not at a particvlar position in at least one different specific
polynucleotide sequence.

According to a fifth embodiment of this invention there is provided a

Selisges

method for detecting whether a specific nucleotide or base is at a
particular position in a specific polynucleotide seguence in material
comprising:

a)

b)

exposing said material to an oligonucleotide primer having a seguence
complementary to part of the specific polynucleotide sequence wherein
sajd primer binds to part of said specific polynucieotide seguence in
said material not immediately adjacent to the particutar posifion
vhereby there is an {htervening-sequence between the particular
position and primer bound to the specific polynucieotide sequence;
extending bound primer with the proviso that the bound primer is only
extended up to and including said specific nucleotide or base when
said specific nucleotide or base is at the particular position in the
specific polynucleotide sequence wherein the extended primer has a
detectable element and/or a separation element at a position

complementary to said specific nucleotide or base with the proviso

that the intervening segquence cannot be one where bases or
nucleotides complementary to the intervening sequence and which are
incorporated into the extended primer cause incorporation of an

i

des

de
a
t he

S,
the
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d

es

es

t

I Fﬂ]é?‘@&fqtél%? SFIUEEER Y NMethe| PreYi spethabeatt € in a

b}



PlLer] and N err] and intervening nucleotides Nerr], Nerr] and Nerr]

bet ween P[err] and Nerr]. Extend (a) P[err] up to and including N err]
wi th conpl enentary nucl eotides to Nerr], Nerr], Nerr] and Nerr],
nanely, Nerr], Nerr], Nerr] and N err]-Dlerr] (D err] corresponding to
a detectable el ement) respectively; and (b) Pl[err] up to _and including
Nerr] with d@ﬁﬂw tary nucleotides to Nerr], N[err]?qq ﬁ”%ﬁm

N err], nanmely, Nerr], Nerr], Nerr] and Nerr]-Derr] (D err]

WO 90/ 09455 ' ' :

PCT/ AU90/ 00058 corresponding to anq%her detect abl e el enent),; t hen
the followi ng conditions are required: T " Nerr] -Nerr] and Dl err]

D err] then N erinterfering detectable andfgm separation elpwent] ) cannot be
N[ err] ¢)N[ etephrating any ed¥ended prime) which has exdbmdelJonly up tp a | f

N err] ,does not equglecf¥e nucteotide or babh 8k 'a Fartl8id position into a fraction
wherein sald fraction does not have detectablie element not included

.in sald extended primer; and

d) determining whether any extended primer is present in said fraction
by assaying said fraction for said extended primer wherein the
presence of said extended primer indicates that the specific
nucleotide or base is at the particular position in the specific
polynucieotide sequence and the absence of said extended primer
indicates that the specific nucleotide or base is not at the
particular position in the specific polynucleotide sequence.
According to a stxth embodiment of this invention there is provided a

method for detecting whether the same or different specific nucleotides or

bases are at particular positions in at least two different specific
polynucleotide sequences in material having a plurality of different
polynucleotide sequences comprising:

a) exposing said material to at least two different oligonucleotide
primers each of said different oligonuclieotide primers having a
sequence complementary to part of one of said different specific
polynucleotide sequences wherein each of said primers binds to {ts
complementary polynucleotide sequence not immediately adjacent to the
particular position whereby there is an intervening sequence between
the particular position and primer bound to the specific
polynucleotide sequence when present in said material each of said
oligonucieotide primers binding to part of a different specific
polynucleotide sequence to that of the other primer(s);

b extending said different oligonucieotide primers bound to their
compiementary polynucieotide sequences wherein each of the bound

f‘ primers is only extended up to and including the particular position
when said specific nuclieotide or base is at the particular position
in the specific nucleotide sequence wherein each of said extended
primers has a detectable element and/or a separation element at a
position compiementary to said specific nucleotide or base with the
proviso that the intervening sequences cannot be ones where bases or
nucleotides complementary to the intervening sequences and which are
tncorporated into the extended primer(s) cause incorporation of



LI

then N err]
"N err]

does not equal
N err]

N err]

N err] N err] ) cannot be Nerr] or
N err] Nerr] ) N err] If Nerr]
N err] Dl err] does not equal Djerr]
N err] cannot be N err] N err]
N err] ) cannot be N err] N err] )

According to a first enbodinent of this invention there is provided a
met hod for dgipgRplebdsg @ specific pol ynucl eotide sequence ipgrriavioijoddsk 2l

conpri si ng: a) exposing said material to an oligonucleotide prinmner
havi ng a sequence conplenentary to part of said specific

pol ynucl eoti de sequence wherein said prinmer binds to part of said
pol ynucl eoti de sequence mhen prggent in said material; b)

extending primer b to t Ieotlde ence wherein any
ext ended pri ner ﬁ#ﬁ%&?"ﬁ J&gf% bﬁ" ’°§I %eﬁ%rr?tt%é'n £Bt" é”separ ation

el enent; c)
said fraction
sai d ext ended

¢ s@pa*raéingnywawe@x# ontied whishnkas pxterded opbiakr ited wherein
specificmesientide avieseat ecpathi @isl powe htonniato ikhdkasded i n

one fraction wherein sald fraction(s) does not have detectable
element not included in said extended primers; and

d) determining whether any extended primers are present in said
fraction(s) by assaying said fraction(s) for said extended primer(s)
wherein the presence of an extended primer(s) indicates that at least
one specific nucleotide or base is at a particular position in a
specific polynucleotide sequence and the absence of said extended
primer{s) ¥n a fraction indicates that at least one specific
nucleotide or base is not at a particular position in at least one
different specific polynucleotide sequence.

According to a seventh embodiment of this invention there is provided

a kit for detecting a specific polynucleotide sequence in a material

comprising:

a) an oligonucieotide primer having a sequence complementary to part of

- said specific polynucleotide sequence;

b polymerase enzyme for extended the ollgonucleotide primer;

c) at least one nucleotide selected from the group consisting of dATP,
dCTP, dGTP, dTTP, dUTP, dITP, ddATP, ddCTP, ddGTP, ddITP and ddTTP:
and

d>)  a detectable element and/or separation element which is optionally
attached to the oligonucleotide primer or one or more of the
nutieotides. _

According to an eighth embodiment of this invention there is provided

a kit for detecting at Jeast two different specific polynucieotide

sequences in a material having & plurality of different polynucieotide

sequences comprising:

a) at least two different oligonucieotide primers each of said primers
having a sequence complementary to part of one of said specific
potynucleotide sequences;

b a polymerase enzyme{s) for extended the different oligonucleotide
primers;

c) at least one nucleotide selected from the group consisting of dATP,
dcrP, deTP, dTTP, dUTP, dITP, ddATP, ddCTP, ddGTP, ddITP and ddTTP;
and



WR, 90/ 09455 PCT/ AU90/ 00058

- 10- primer; and d) determ ni ng whet her any extended prinmer is
present in said fraction by assaying said fraction for said extended
primer wherei.n the presence of said extended prinmer is indicative of
the presence of the speci fic pol ynucl eoti de sequence in said.

mat eri al and {iaeawssnce of sai d extended priner i rpcgaiUbergoessti on i s
i ndi cative. of the absence of t he specific pol ynucl eotide sequence in
said material . According to a second enbodi nent of this invention

there is provided a nethod for detecting at least two different specific
pol ynucl eotide sequences in material haviyygg a plurality of different

pol ynucl eot i de mseqeeqasec%abqefweﬁ& @ga/oragepmt%peqaaeng ﬁ?eh 1s”&§t‘?&l&ﬂ to at

| east two different % er ent
ol i gonucl eoti de pri AEREeHatP HE °a“9°"“”e°“§§cf’t‘ié'??6§ °E<?ﬁf)l°ér’?’€ﬁ°t 8f yPto part of
one of said. differentclspddastic pol ynucl eoti de sequences wherein each
of said priners bi NAlgcok@nPabla ninth emb&ﬂm@lﬁeafofmsahdnﬁhiof\ftﬁéﬁéms $PRGédd €

pol ynucl eot i de \qeqiense twg, thether a sp&ﬁﬁ%emkwomaard %rataé psaﬁ@uw said

ollgonucleotlde prlners

pol ynucl eot i de ROSHIBNH IR & EPefkg (Pf’hyé'r”dw%‘de se&"fengeal 'Had’l gﬁhé?’?%?ﬁ
primer(s); b) 3 exseqdisegucdedtiidedprimen aing i pavaned GWF%"WY rfErlBlfb@ﬁnd to

their di ff er emt sipefic fpotynpoleptide] seqidncke wheeginesd & priviver Einds agy

ext ended Pri gBt afn%u%@cm@%gﬁﬁab&ﬁd@km&@ 1M1 OFe 1 # 2APRBAALS ON
el enment; c¢) separgthgimﬁ %%n prinmers into at | east one fraction
wherein sai d 17 Bt on{s does’' not have detectabl e el ement not

included in B di°&iy“‘éﬂsérﬂﬂéﬂ‘epfr°l"rﬁltf'§’?d thth @t igenucieot et iR ng whet her
any extended prd)mer sneanelgrtédeendlectedstaionl the group consisting of dATP, dCTP,

dGTP, dTTP, dUTP, dITP, ddITP, ddATP, ddCTP, ddGTP and ddTTP with the

proviso that said nuclieotide is selected whereby bound primer is only

extended up to and including said specific nucleotide or base when
said specific nucleotide or base is at the particular position in the
specific polynucleotide sequence; and

4 a detectable element and/or separation element whereby extended
primer has a detectable element and/or a separation element at a

- position complementary to said specific nucleotide or base and a
detectable and/or separation element optionally attached to the
oligonucleotide primer.

According to a tenth embodiment of this invention there is provided a
kit for detecting whether the same or different specific nucleotides or
bases are at particular positions in at least two different specific
polynucieotide sequences in material having a plurality of different
polynuclectide sequences cqpprisingi .

a) at least two different oligonucleotide primers each of said primers
having a sequence compliementary to part of one of said specific
polynucleotide sequences wherein each of said primers binds to its
compliementary po]ynucleofide sequence when present in said material
epach of said oligonucleotide primers binding to part of a different
specific polynucleotide sequence to that of the other primer(s) and
wherein each of said primers binds to its complementary specific
polynucieotide sequence in said material immediately adjacent to the
particular position;

b) a po]ymerase enzyme(s) for extending the different oligonucleot1de



fraction(s) by assaying said fraction(s) for at |east one of said
ext ended primers wherein the presence of said extended priner(s) is
i ndicative of the presence of at |east one of the different specific
pol ynucl eoti de sequences in said material and the absence of said
extended priner(s). in said fraction(s) is indicative of the absence
of at least one different specific polynucleotide sequence in sald
mat eri‘al . wo Afgesdi ng to a third enbodi ment of this in %ﬁ ere is
provi ded a nethod for detecting whether a specific nucleoti e or base is
at a particular position in a specific polynucleotide sequence in nmateri al
conpri si ng: WO 90/ 09455
PCT/ AU90/ 00058 -11- a)
exposing said material to an ollgonucleotlde primer having a sequence
conpl ementary to parRTIB¥Si he specific pol ynucl eotide sequence wherein
said prinmer binds toapisast ohe sujldotipecetactedobioprthe [sseupri ¢fws sdipgeot dATPR
sai d material inmedigre] YemdjATENEUTPD ditre RATH,I gMakEAr dqROS, BdaTP;and daiTp ~
extendi ng prier boundn L RS SPERI La RALHBLIGL OQ e@&@@w 6 b¥insh
the proviso that the boun ﬂ% riner 1s 3 f E)
i ncl udi ng sai d speci ‘?”Eer @&?*&5“’6? uBa%/’e '@h‘é’ﬁ 5 19> p es(‘,’Frf é¢ nucieotide
nucl eoti de or base i® basetwhen sald sreglfae nyolsotiderpribise Hé prhei Farticular
position in the specific polynucleotide sequence; and

d) at least one detectable element and/or separation element whereby
each extended primer has a detectable element and/or a separation
element at a position complementary to said specific nucleotide or
base and a detectable and/or separation element optionally attached
to the oligonucieotide primer. “

According to an eleventh embodiment of this invention there is

provided a kit for detecting whether a specific nucleotide or base is at a

particular position in a specific polynucleotide sequence in a material

comprising:

a) an oligonucieotide primer having a sequence complementary to part of
the specific polynucleotide sequence wherein said primer binds to
part of said specific polynucleotide sequence not immediately
adjacent to the particular position whereby there is an intervening
sequence between the particular position and primer bound to the
specific polynuclieotide sequence;

b) a polymerase enzyme for extended the oligonucleotide primer;

c) one nucleotide selected from the group consisting of dATP, dCTP,
dGTP, dTTP, dUTP, dITP, ddITP, ddATP, ddCTP, ddGTP and ddTTP with the
provision that sajd nucleotide is selected whereby bound primer is
only extended up to and including said specific nucleotide or base
vhen said specific nucleotide or base is at the particular position
in the specific polynucleotide sequence with the proviso that the
intervening sequence cannot be one where bases or nucieotides
complementary to the intervening sequence and which are jncorporated
into the extended primer cause incorporation of an interfering
detectable and/or separation element; and

d> a detectable element and/or separation element whereby extended
primer has a detectable element and/or a separation element at a
position complementary to said speéif?c nucleotide or base and a
detectablie and/or separation element optionally attached to the



>

pol ynucl eoti de sequence wherein the extended prinmer has a detectable
el enrent and/or a separation elenent at a position conplenentary to

sai d specific nucleotide or base; c) separating any extended priner
into a fraction wherein said fraction does not have detectable
el ement not included in said extended priner; and d)

determ ni ng wesjolwassany extended primer is present in saipCiH/Aesraoess

by assaying said fraction for said extended priner wherein the

presence of said extended priner indicates that the specific

nucl eotide or base is at the particular position in the specific

pol ynucl eoti de sequence and the absence of;.sai d extended prinmer

i ndi cates that the ﬁ on% Leo%n‘g%(}li qt [ de or base is not at the

parti cul ar p03|t|on n t eC| ynucl eoti de se

According to a fouf“fcﬁ"déﬁﬁéalanﬁ‘fﬁ‘fﬂ‘f '{) ?‘@e’?tn?feﬁ'filsoir?"f g?'btﬁ‘eé'e provPHde  a
met hod-f or det®zé&tt fg vdtettieg whidtbes dhe same ofi difEerent spysdtict Nﬁlmtdeé(ﬂfl des
or bases are afasPakdte SUbat1QOSH pbORSons Mnadt |aestwd WOFfdidntespeattrispeci fic

ol ynue| €0t %o FRERREGE JefudlBL:H Gheel ) 1013 DMl Yorohyclher ont

pol ynucl eot i de’ (ag exposing said material to at-
| east two dlff%]@%]eaﬁdﬁoﬁ‘?ﬁi‘ﬁ"éﬁtfz Fistng: primers each of said different

ol i gonucl eoti d@ pr atrdeastHagidiffenent oligonuckrotiderreimerdirptieRbritHl §rimeyspart of
one of. said differggtngpekyidnte complementd?9ltpnpiet edtdne&fsaqiiapeasicwher ei n

each of said pri ”Esatymcwomeoséc{uﬁnces wherein@W&ﬁearatawer@odsxw% et ide
sequence when presen qcleotlde

} e 'rfar o {Tﬂ ﬁtde sequence when T engslaI a1?ci %P

priners binding to FRr{"eoR™4 PRIH L. ebc? i i de
sequence to that of3dhiRf erReignPriePtidy PaiRITS binding "%\/ﬁé‘?*ean ae“dﬁf"?ﬂt sai d
priners binds to issecttinplodyrenteatidespacdnte do that of thpothemupiiewtsXdedsequence

in said material i %B%@'hﬁ&aechyofaﬁkia%%erts QikdiCto its compledRdftat£ WhaifiROSI i on;
b) ~ extending saig o §fG% &Nk QbAOME 1T HakdFa PRI e AR adsQeehPGh"

the particular position whereby there ts an intervening sequence
between the particular position and primer bound to the specific
polynucleotide sequence;

:)) a polymerase enzyme(s) for extending the different oligonucieotide
primers; :

¢) at Teast one nucleotide selected from the group consisting of dATP,
dCTP, dGTP, dTTP, dUTP, dITP, ddITP, ddATP, ddCTP, ddGTP and ddTTP
with the proviso that said nucleotide is selected whereby bound
primer is only extended up to and including said specific nucleotide
or base when said specific nucleotide or base is at the particular
posttion in the specific polynucieotide sequence with the proviso
that the intervening sequences cannot be ones where bases or
nucleotides complemen;;ry to the intervening sequences and which are
incorporated into the extended primer(s) cause incorporation of an
interfering detectabie and/or separation element(s); and

:, d) at least one detectable element and/or separation element whereby

each extended primer has a detectable element and/or a separation
element at a position complementary to said specific nucieotide or
base and a detectable and/or separation eiement optionally attached
to the oligonucleotide primer.
According to a thirteenth embodiment of this invention there is

provided an apparatus for performing the method of any one of the

embodiments of the invention comprising:
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-12- conpl enentary pol ynucl eoti de sequences wth the proviso that
each of the bound prinmers is only extended up to and including the
parti cul ar positi on when said specific nucleotide or base is at the
particul ar - position in the specific nucleotide sequence wherein
each of said extended priners has a detectable el enment and/or a
separation el at a position conplenentary to ' gﬂic
nucl eoti de- or %gﬁg’élfé?s‘sss (@) separating any extended pri mr?ﬁaﬁgﬁ as
extended only up to a specific nucl eotide or base at a particul ar
position into at |east one fraction wherein said fraction does not
have det ectabl e el enent not included in said extended priner; and
d) determ ni ng whet her at | east one ext&ded prinmer is present in said

fraction(s) by assawimegc®aid fraction(s) for said extended primner(s)
wherein the presencefk @A RYimnsegonDtiedtite iphthet aheFeidents forSpaedihg

nucl eoti de or. base i.§;.a i osi.ti i i fi
pol ynucl eot i de s’equé?nigeﬁre{ﬁgp %ngt%?nz:ﬁ’ S BhS Tof SRBREIE cpepasively

e a ‘
a fraction(s) indicat¥s'th t"ti e B¢ *%he specific nucleotide or base
is not at a particumeanspiesi sepuiting atendeq srimghdnts 1 deashtons feeqtonss)

pol ynucl eoti de sequemnt®or holding saifictratidbm(g) | caid deafid Noresdpackitmentbeidl t hi s
invention there is prAYtAEE) BssocTRENQM B Q6tRFL kA Whether a specific
nucl eoti de or base is, at .a riicul ar position. in 1fic

pol ynucl eot i de sequean‘%:'e ecltﬁr r‘;g{)gfeleé?%gatgg%%eé#enﬁi ahy g’ft%gge(eéxpﬁé‘gﬁrﬁsd %’éi d
material to an ol i géhlfcf@stionts priatibretsator Reing Sregifdmtly associated with

conpl enentary to paséidofeanhdospemirétics.pol ynucl eoti de sequence wherein
According to a fourteenth embodiment of this invention there is
provided a screening method for detecting the presence of at least two
different specific polynucieotide sequences in material having a plurality
of different polynuclieotide sequences comprising:

a) exposing said material to at least two different oligonucieotide
primers each of said different oligonucleotide primers having a
sequence complementary to part of one of said different specific
polynucleotide sequences wherein each of said primers binds to part
of one of said different specific polynucleotide sequences when
present in said material each of said oligonucleotide primers binding
to part of a different specific polynuclectide sequence to the other
of said oligonucleotide primer(s);

b) extending said different oligonucleotide primers bound to their
different specific polynucieotide sequences wherein any extended
primer includes a detectable -element and/or a separation elemeqt;

¢) separating'ény extended primers into a fraction wherein said fraction
does not have detectable element not included in said extended
primer(s); and

4) determining whether any extended primers are present in said fraction
by assaying said fraction for all of sald extended primers wherein
the presence of any one of said extended primers is indicative of the
present of at least one of the different specific polynucieotide
sequences in said material and the absence of all of said extended
primer(s) in said fraction is indicative of the absence of all of the
different specific polynucleotide sequences in said material.
According to a fifteenth embodiment of this invention there is

provided a screening method for detecting whether the same or different



sai d primer binds to part of said specific polynucleotide sequence in
said material not imedi ately adjacent to the particular position
whereby there is an intervening sequence between the particul ar
position and. priner bound to the specific polynucleotide sequence; b)
ext endi ng bouncgﬁrlner with the proviso that the bound prinmer is only
ext ended up t¥YOMP*#Ecl udi ng sai d specific nucl eotide or DXJéAVINA4058
sai d specific nucleotide or base is at the particular position in the
speci fic pol ynucl eotide sequence wherein the extended priner has a
detect abl e el enent and/or a separation elenent at a position

conpl enentary to said specific nucleotide8 base with the proviso
that the interpeiing ARALENGS abuIos abe a0PperBERe PoRIBoNsOn at Teast two

nucl eoti des corgpi& t?pre¥1ft|9 H}ﬁud}Qéﬁﬁé“?@du@&:e?eﬂ%@&ﬂaﬁ'ﬂgvmp' CEluﬂﬁty

{Agcg(r)llog.gzggd 'n Odi% eren poqynuc eoQ“e sequences comprfsq é)ora on o PCT/ AU90/ 00058
-13- - inmfer f%mpﬁgg detdematanipe tamt/ lﬁaSEéH%lldéﬁﬂefﬁ?t eqlémml,eotide)

separatii ng any ext eprdedtspaactires swhi ciffhasat extgenaaeotond yrimprst Bavang a

speci fi ¢ nucl eoti deseql}enla@%smp%meﬁta%rtb' &M %"f dﬂ@%ftda%‘ d'iﬂ‘tePenQ Jpre &on
wherein said fractlo not ‘% 5 ﬁﬁed
X

ve
in said extended prpon%"u‘:?egtg’% “*8 e"ces 4 er%‘"rﬁaﬁl n?’ antpﬁ
primer is present ??’“%léf"ﬂ’tf“'ya&‘t]#"aﬁ‘e“*de sequgjice %’hyT‘ﬁ@“%éﬂ da‘fdr'é?éﬂ%h f or
sai d extended pri machrgﬁhothenuc]eotide primers binding to part of a different

specific polynucleotide sequence to that of the other primer(s) and

wherein each of said primers binds to its complementary specific

polynucleotide sequence in said material immediately adjacent to the
particuiar position;

b extending said different oligonucleotide primers bound to their
complementary polynucieotide sequences with the proviso that each of
the bound primers is only extended up to and including the particular
position when said specific nucleotide or base is at the particular
position in the specific nucleotide sequence wherein each of said
extended primers has a detectable element and/or a separation element
at a position complementary to satd specific nucleotide or base;

¢) separating'any extended primer(s) which has extended only up to a
specific nucleotide or base at a particular position into a fractien
wherein said fraction does not have detectable element not included
in said extended primer; and

d) determining whether at least one extended primer is present in said
fraction by assaying said fraction for all of sald extended primers
wherein the present of an extended primer indicates that at least one
specific nucleotide or base is at a particular position in a specific
polynucleotide sequence and the absence of all said extended primers
in said fraction indicates that at Jeast one specific nucleotide or
base is not at a particular position in any of the different specific
polynucleotide sequences.

According to a sixteenth embodiment of this invention there is
provided a screening method for detecting whether the same or different
specific nucleotides or bases are at particular positions in at least two
different specific polynucleotide sequences in material having a pturality
of different polynucieotide sequences comprising:



-
.

]
presence of said extended priner indicates that the specific
nucl eoti de or base is at the particular position in the specific
pol ynucl eoti de sequence and the absence of said extended priner
i ndicates that the specific nucleotide or base is not at the
particular position in the specific polynucl eotide sequence.
According to a sixth enbodinent of this invention there is provided a
met hod 70Or - detvemoti/engssvhet her the sane or different specifi BCrratbomosddes or
bases are at particular positions in at least two different specific
pol ynucl eoti de sequences in material having a plurality of different
pol ynucl eoti de sequences conpri sing: a) exposing said material to at
| east two different oligonucleotide -20priners each of said different

ol i gonucl eoti de P“ ooty @ayapegna@erm to at ﬁsﬁumcafmm SIRBARI fort @ Part of

one of said differentrspeci ucl e se e erein
each of said pri rrer§rB'I°Eﬁ§“lho°f| f3id a1erereht %@ ff'@ﬁdér %dlsi}ﬁ E']ge‘bt i de
sequence not i medi aeedeyceactimptampatary te jpart of 0"9 of sakd Mflﬁ?raﬂt posiificon )
whereby there is an polynedieeningeqeqtes Mherdietaseient satd primetsheinpansieul ar

position and priner cQﬁW%h%a‘? tﬂ%‘?yn%@f‘e@’tifd'ecsequence not m&&’ﬁ'é@\lyeﬁjh%tst%%gnce :
when present in said

al
bi nding to part of 22 F‘ﬁér@ﬁfﬁ?‘f)” Wheff%y lchere bs an mltefv‘ﬁ In%éﬂmtfgce g%dgrqce to
that of the other pripfgeTidgular ppyition E’%’t@'ﬁﬂ?"ﬂ@"“ﬁ%ltﬂ the rPesiEh
ol i gonucl eot i de pri mehwudiectide tsequehai when present ioowrpd emtentar sacpalfysaiic] eot i de

sequences wherein eafiyoRiciidt®ddBtiRelrs binding tdPpdriRFSa usff@n!ny fEtgnded up to
and including the p rt;’nﬁz’:’l'a@tﬁd?%#utehpento that of th{A 1531» e§ cific nucleotide

or base is at the par eciflc nucleotide

S
sequence wher ei B’ eachte3P ng 240 GXtTEReId P! 1vonucieotide Pﬁjé%spﬂ%*g“’ togeedtt abl e
el ement and/ or a separeemeobrra| poipwtlegtidg sequences whepalintdaoh of oisplbemment ary to -

sai d specific nucl eqgrimies 0f chnsextehddd dphéo and includipy @ porth iBkr HbE tion
i nterveni ng Sequenc%e&?ﬂ@%eg‘ﬁPﬂﬁéem% %r%?@? Qt the Iparticuﬂﬂ"cdo?ﬂ%rpes
B

| ementary to the |nt whi ¢
Fgggrggregt Z(r:lyl n'?o t Itz‘ﬁ'%é gt‘ 8‘?"15‘?7‘8‘3 % e@é’f@e"hleﬁ%reﬁ%} 8t ia}f gytended

primers has a detectable element and/or a separation element at a
position complementary to said specific nucleotide or base with the
proviso that the intervening sequences cannot be ones where bases or
nucieotides complementary to the intervening sequences and which are
incorporated into the extended primer(s) cause incorporation of
interfering detectable and/or separation element(s);

¢) separating any extended primer which has extended only up to a
specific nucleotide or base at a particular position into a fraction
wherein said fraction does not have detectable element not included
in said extended primers; and

d) determining whether any extended primers are present in said fraction
by assaying said fraction for all of said extended primers wherein
the presence of an extended primer indicates that at least one
specific nucleotide or base js at a particular position in a specific
polynucteotide sequence and the absence of any extended primer
indicates that a specific nucieotide or base is not at a particular
position in any of the different specific polynucleotide sequences.
Generally the method for the detection of a nucleoctide sequence or

nucleotide change in a nucleotide sequence uses:
a nucleic acid primer specific to part of a partly or wholly known
nucieotide sequence to be detected or specific to part of a partly or
wholly known nucleotide sequence which is immediately adjacent to the
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- 14- interfering detectable and/ or separation el enent(s); c)
separating any extended priner which has extended only up to a

specific nucl eotide or base at a particular position into at |east

one fraction WoI0%5said fraction(s) does not have det ectREHV4U%0/00058

el emrent not included in said extended priners; and d) det er m ni ng

whet her any extended priners are present in said fraction(s) by
assaying said fraction(s) for said extended priner(s) wherein the
presence of an extended priner(s) indicate&-that at |east one

speci fic nucl eoti deng1eB38E ot Dadd cRanBalth ive WeBdctBDSH spNficNtApart of a
speci fi ¢ pol ynucl eo}ﬁ#ﬁ"y iﬁglﬂ@ﬂﬁekn@w n ﬁ@oﬁ?zs?%&&fwh?&' t ?54 SR htey
cates t at e on ClTl1C

primer(s) in a fraction indi a a e e

nucl eot i de or base PY2RYE t the Biteqtien oF bﬁ(ﬁs&f‘?%nt‘ﬁ Egﬁ‘ftelc&?s?”to'?‘?é an

di fferent specific puoteprantisesaduense helearenmdhe bound primersgndothdi nigleodide arevent h
enbodi ment of this biseeiHahg@ntd Berdetdcseddr ovi ded a kit for detecting a

o T gonucl bt | de” pr i SegriySf HCAE ik 2 iRy Eld g’ié&'é’gﬁgpra'°§"ogg‘§ﬁ%"@% enzfid
said specific pol-yng&hé’b?;{)dégeséﬁﬁéﬁ?& of gpjapture FW\L,%Iégethg zlfﬁ*g o ofhe

ext ended the ol i gon§eac&Dci RTAMET, jaddition of )the tatget sgavenesnenday dvrddisgtion .
sel ected fromthe groupticonsndthadgnmipatfiBy of a detectod GORcutkGIP,indhd P, dUTP,
dI TP, ddATP, ddCTP, gl RatadgNed R x@6dedGTiler or (11) the SGchmefl) of a dtector
detectabl e el ement ﬁg'l%/c ';a a?_tegh%r ?‘t Ier? oigltﬁen?wc_imlp%?melr,s agg}tlignng}_lt}{e target_

sequence under hybridisation conditions and the incorporation of a

capture moiecule(s) in the enzyme catalysed extended primer

capture of the extended primer using a specific affinity molecule

attached to a solid support

assay for the detector molecule

Advantageously, for the first, second, seventh and eighth embodiments
extending the primer comprises using at least one nucleotide selected from
the group consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddATP, ddCTP,
ddGTP, ddITP and ddTTP. Typically two to four different nucleotides, and
especially four different nucleotides are used.

Generally, for the third, fifth, ninth and eleventh embodiments
extending the primer comprises using one nucleotide selected from the group
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddATP, ddCTP, ddGTP,
ddITP and ddTTP. Typically one nucleotide selected from the group
consisting of ddATP, ddCTP, ddGTP, ddiTP and ddTTP is used.

 Typically, for the fourth, sixth, tenth and twelfth embodiments
extending the primer comprises using at least one nucleotide -selected from
the group consisting of dAfP, dCTP, dGTP, dTTP, dUTP, dITP, ddATP, ddCTP,
ddGTP, ddITP and ddTTP. Generally at least one nucleotide selected from
the group consisting of ddATP, ddCTP, ddGTP, ddITP and ddTTP is used.

In addition to a nucleotide(s) also typically used in extending the
primer are at least one appropriate polymerase enzyme and appropriate
buffering agent. )

Exampies of polymerase enzymes are E.coli DNA polymerase, E.coli DNA
polymerase (Klenow fragment), Bacteriophage T7 DNA polymerase,
Bacteriophage T4 DNA polymerase, Tag DNA polymerase and AMV Reverse



attached to the oligonucleotide primer or one or nore of the

nocl eoti des. According to an eighth enbodi nent of this invention
there is provided a kit for detecting at least two different specific
pol ynucl eoti de  sequences in a material having a plurality of different

pol ynucl eot i de sequences conpri sing: a) at least two different

ol i gonucl eoti de priners each of said priners havi ng a sequence
conpl ement ar y Wapdogn#dss of one of said specific pol yPTKyAE%y000ss
sequences; b) a polynmerase enzyne(s) for extended the different

ol i gonucl eot i de prinmers; C) at | east one nucl eotide selected
fromthe group consisting of dATP, - dCTP, dGIP, dTTP, dUTP, dITP,
ddATP, ddCTP, ddGrIP, ddl TP and ddTTP; -22- and WO 90/ 09455
PCT/ AU90/ 00058 ¢ranscriptase. -15- d) a

det ect abl | t / ' ' | '
setectal o o oS UE st POl BT 1.5
nucl eoti des.  are generad¥ciudtabde FoF dsenrhihe eplBY s R02Y8t terRxéendtbent i on

there is provi dethea. Gduetalfpr matestii sy twiegtMssl, or ¥pWgh fliscinaUgkeot i de or
base is at a pastd em Bffering agent. A total salt concentration between 50 and 300 mM
is generally acceptable.

Temperature of the extending reaction is chosen according to the
polymerase enzyme used and is typically in the range 25-80°C, more
typically 30-70°C. '

It is preferved that at least one of the nucleotides has the
detectable element.

Alternatively, or in addition, the detectable element is linked to
the oligonucleotide primer.

Typically, the detectable element is & radiocactive label selected
from the group consisting of 3H, 125I, ]311, ]4C, 355 and 32P.

The detectable element may be non- radioactive and generally is
selected from the group consisting of an enzymatic group, an immunological
group, and a spectroscopically detectable group. . The spectroscopically
detectable group may be a luminescent group, a chemiluminescent group, an
NMR detectable group, a fluorescent group or an IR detectable group.

Advantageously, the extended primer includes a separation element
vhich facilitates the separation of the extended primer into the first
fraction.

Generally, the specific polynucteotide sequence is a DNA segquence or
an RNA sequence. .

The specific poiynuclieotide sequence may be from an infectious or
disease causing organism which may be 1ive or non-viable viral, bacterial,
fungal or Protozoan.

The extending may include:

adding a plurality of nucleotide types to said primer bound to the
polynucleotide sequence to extend said primer; or

adding a single nucleotide type to said primer bound to the
potynucleotide sequence to extend said primer (third, fifth, ninth and
eleventh embodiments); or

adding at Teast one single nucleotide type to said primer bound to
the polynucleotide sequence to extend said primer.

In one particular method of the invention the exposure and primer



A

position in a specific polynucl eotide sequence in a material conprising:
a) an ol i gonucl eoti de priner having a sequence conplenentary to part of
t he specific pol ynucl eotide sequence wherein said prinmer binds to

part of said specific polynucleotide sequence inmedi ately adjacent to

the parti cul 3o Bgraddss On; b) a polymerase enzyne for exrard60edsse

ol i gonucl eoti de priner; c) one nucl eotide selected fromthe group
consi sting of dATP, dCTP, dGTP, dTTP, dUTP, dI TP, ddlI TP, ddATP,
ddCTP, ddGIP and ddTTP with the . proviso that said nucleotide is
sel ect ed whereby bound priner is onIy 23 extended up to and including
sai d specific nucleotide or base whe ai d specific nucleotide or

base i s at theep&PrEiorstens 64T LEIoRe tﬁe {spraration step. speci fic pol ynucl eoti de
sequence; and d) In ona fibet @€tthbd énvehthopntheasehroat! gepkemertti tn 1 blkedrgot

wher eby ext endegk o1igonucieofdeNindtas ARtedpiteed1apltRe ektRnREtpraneH Micl@es a
separation el eg‘;ﬂ?a%n Z1ement which Qgﬁ'ﬁ{a%%‘;&ﬁpitgg}%% A denbdy @ﬁ. ef:%ﬁcihf' C

nucl eot.i de or separ at ement

optional |y attBEHEeE f’&°t1ﬁ‘é first ﬂ’““(?f‘l‘@ it ‘é’"eg géa "heY . s2 _
According to amut'émﬂid@ntﬁ}dtma@t‘qnmlsmﬁﬂﬁvent| on there is provided a kit
for detecting whet haroneh@rs amehorineinkfa| ehé sepectibs Gtdpucdnppisestes or bases

are at particular pesiltQR% ) Qx?etndéoeﬁﬁfme# Woendi Fn&fefémthﬁ%ciﬁfhfh ty for
pol ynucl eot i de I ferent

It
pol ynucl eot i deti gﬁgﬁ%&“ Ege rT’%l s‘i"ﬁd"““”!l belng ] Q“'Tegatgt ¥W§’ d’ﬁ Flfaerent
ol i gonucl eot i déﬁcﬁﬂTﬁ#ﬁsst'@aiﬁﬂa@ﬁ‘@alﬂdpfﬁpaﬁé'ﬁ@g the contacteq\qxfendad petngetrce
conpl enentary to ppewite ahe Graetivh. sai d specific - pol ynucl eot i de

sequences wherein e@¢fhtfeosdy d+i 'séHi?&w@r\ @?je?ner‘itoaddt Fhe molecule aFORR RERNtArY

pol ynucl eoti de sSLayen aid materi al each of said
oI|gonucleotlde“ﬁrHﬁé??umqﬁ%fﬁnggﬂﬁabi P a dlfferent 1 speC|f|c

pol ynucl eoti de s t of HRE&
each of said pkayeridgandnfds whoch t s ccanulce;rtentfar y:hesp)*egancfl c
pol ynucl eot i detﬁeegueru:e | n said material imediately adjacent to the
particul ar posif EP” a polynerase enzyne(s) for extending the
different oli g(()rsu btl

a receptor. the ligand for the receptor;
{c)} an antigen; an antibody for the antigen;
(d) an antibody for the antigen;
an antigen;
(e} an antiidiotypic an antibody for the antiidiotypic
antibody; antibody;
(f) an antibody for an an antiidiotypic antibody for the
antiidiotypic antibody; antibody;
{g) & haptenic group; an antibody for the haptenic group;
(h) an antibody for the haptenic group;
a haptenic group;
(1) an enzyme; a binding inhibitor for the enzyme; and
(j» a binding the enzyme.

inhibitor for an enzyme; .
Typically, the separation element and the mo]ecule are selected from
the group 1isted betow:
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- 1B- primers; O at | east one nucleotide selected fromthe
group consi sting of dATP, dCTP, dGIP, dTTP, dUTP, dI TP, ddl TP,
ddATP, ddCTP, ddGIP and ddTTP with the proviso that said nucleotide
I's sel ected whereby bound primer is only extended up to and

I ncl udi ng said specific nucl eotide or base when said specific

nucl eoti de or wPARReks at the particul ar posi tion iperykeserdeessi fic

pol ynucl eoti de sequence; and d) at | east one detectabl e el enent and/or
separation el enent whereby each extended prinmer has a detectable

el enent and/or a separation - . elenment at a position conplenentary to
sai d specific nucleotide or base Qd a detectable and/or separation:
el ement optionally attached to thg ollgonucleotlde prlner

According to an eleparation Edemedti ment Motecuh ‘ - 808

kit for detecticag amgartueforaxhsaem fia meeliﬁotneda)torr fdsrasl& tgasd; a  parti cuI ar
position in a SR&EG! {4 ¢ E&h¥ﬂU0|90t'de sequence in a material conprising: ®
a) an ollgonucleot|3 priner having a sequence conplenentary to part of

the specific el aail t¥lieot i de sequence wherein said priner binds to :

part of said spétisf srecifor yaerereot i dethg ddeficlor ibe Slp?mﬂﬁ BReepipr:

adj acent to theacpantantigesy positi on avkgecétiy anhithody ifer dme amtigenieni ng

(d) a specific antibody for the antigen;
an antigen;

{e) an antiidiotypic an antibody specific for the antiidiotypic
antibody; antibody;

(f) an antibody for an an antiidiotypic antibody specific for the

antiidiotypic antibody; antibody;

(g) a haptenic group; a specific antibody for the haptenic group;

(h) a specific antibody for the haptenic group;
a haptenic group;
(1) an enzyme; a tight binding inhibitor for the enzyme; and
(j) a tight binding the enzyme.
inhibitor for an enzyme;

Typical examples of ligands for which there are available receptors

»

are:

a vitamin such as biotin, a sugar molecule such as glucose or

mannose, a hormone such as adrenalin or cortisone and a steroid such

as progesterone or testosterone. There are numerous types of ligands
which have available receptors and the preceding list is given by way
of exemplification only.

The separation typically includes a solid support which is typically
selected from the group consisting of latex, magnetic beads,
nitrocellulose, agarose, cellulose, polyacrylamide, nylon, glass and
poiystyrene.

Advaniages

1. General Advantages

A particular advantage of the method of the invention is that the
system combines separation and detection elements on the one
oligonucleotide after primer extension. Most other systems require the use
of a capture probe and a detector probe. )

A further advantage is that the system depends on the enzyme driven
extension of the primer to incorporate a separation or detection element or



sequence between the particular position and priner bound to the
speci fic pol ynucl eoti de sequence; b) a polynerase enzyne for extended

t he ol igonucleotide primer; c) one nucl eoti de selected fromthe group
consi sting of dATP, dCTP, dGTP, dTTP, dUTP, dI TP, ddl TP, ddATP,
ddCTP, ddGIP and ddTTP with the provi sion that sai lge is
sel ect ed wher eWQ9OMI primer is only extended up ggﬁéﬁgaﬁﬁkguding
sai d specific nucleotide or base when said specific nucleotide or
base is at the particular position in the specific polynucleotide
sequence with the proviso that the | nt erveni ng sequence cannot be
one where bases or nucl eoti des compPenmentary to the intervening

sequence and Whietémestrseldeprno¥rgosmatendiguration) andnthe theeelemdntrmied epaniti@re cause
i ncorporation ofihaRfdrbtBid18At1PGttached to tHEkEA AR & 1D/ BecROPRF ahiON

el enent; and d) t ect abl I t 0 [ wher eby
oxt ended cowf'ﬁe%?ﬁcﬁeeﬁ» A e BPClrPERE 24 \EN, BlATRR nghS

el enent at a hich repyds tin JRIESA IR ERERHN AP0 ' 8CTeated PReNiFité- nucl eoti de or
base and a dabthet abtem tagedysothadetharmetliodrefethenomentopt conbd k3sidt t ached
to the autoiRe90/ 09455

PCT/ AU90/ 00058 - 1.0

ol i gonucl eoti de | iy the method of K‘c"cg}"é?t&&“ t‘d(])e étgtp&/eﬁa? tbﬁ 135%&8?&%%3“8? this

i nvention theresﬁgkgﬁngﬂﬁﬁt

A further advantage is that an oligonucleotide primer having a
sequence complimentary to a conserved or variable region of the genome of
the organism of interest can be used and thus can be designed for high or
low specificity (f.e., genus specific, speclies specific or strain specific).
a rapid and sensitive method for the detection of specific polynucleotide
sequences or nucieotide changes in specific polynucleotide sequences using
a single oligonucieotide probe.

Generally in the method of the invention the detectable hybrid is
captured by & solid matrix to allow washing away of unincorporated
detectable element. While this is not a difficult step it does add to the
time required for processing. The step can be overcome by choosing a
detectable element whereby any unincorporated detectabie element can be
simple inactivated and left in the reaction mix, rather than having to be
physically removed.

Generally, a detection sensitivity in the order of 103 - 104
genome copies 1s quite adequate for detecting a wide range of virus,
bacterial and parasitic organisms which are usually present in moderate to
high numbers in their respective disease states. For defect diseases in
which the infectious agent is present only in very low numbers (e.g. HIV)
the method of the invention can make use of the technique of polymerisation
chain reaction (PCR) which is effectively an amplification step which
results in an increase in sensitivity.

fecti j § van

The method of the invention permits the rapid, simple and
non-hazardous detection of specific poiynucleotide sequences in samples of
biological material especially infectious agents. The detectable sequence
may be part of an infectious organism such as a virus, bacterium, Protozoan
or fungus, or part of a gene in which an abnormality results in a genetic
disorder: for example, sickle-cell anemia, cystic fibrosis,



a kit for detecting whether the sane or different specific nucleotides or
bases are at particular positions in at |least two different specific
pol ynucl eoti de sequences in material having a plurality of different

pol ynucl eoti de sequences conpri sing: a) at |east two different

ol i gonucl eotide prinmers each of said priners havi ng a sequence
conplenentary to part of one of said specific pol ynucl eot i de
sequences wherso sy/e@agsn of said priners binds to its PCEAIR/eOBNt ar y
pol ynucl eoti de sequence when present in said material each of said
ol i gonucl eotide priners binding to part of a different specific
pol ynucl eoti de sequence to that of the other prinmer(s) and wher ei n

each of said priners bi nds to its corrpl enpggtary specific
pol ynucl eot i de sggﬁHence1 ﬁa 31 qu al not imrediately adjacent to
the particul ar #7155/ he ﬁﬁ% is an intervening sequence

bet ween the parti culeervisbls p7o3n! sahfap b r‘PéFeCE?ﬂJHﬂ"? dht Hethepof thec
pol ynucl eoti de weentésmce; b) a pol ynerase enzynme(s) for extending the *

di rfer egt f ol i gonucl ga4}Ger advantage 1 tH¥EHeZhod cad)use AhiAteASHF one nucl eot :j?ﬁ'P-
sel ected fromt 0 .
G Te G TP a T e @?@%@grnga Bédtirion of a battfylch piPsuBldEy O

sai d nucl eot i de?fi @“é@ﬂ@c?%dvﬁiéqeeﬁ biﬁﬁ??d“at“ (e.g. 'pP’i'eHﬁ‘?“ P s mHPP RSB ended

up to and i ncl uditamydsai Sdresqctemcwsc ‘mgmne‘dtal. ®&V) . or base when said
speci fic nucl eoti dezogefas position in the

speci fic polynucl eofq ﬁetﬁgﬂgﬁgﬁéa uut H:rt Ph% ﬁgﬂyhestgction of an $1@feqt NE

i nterveni ng sequepces, cann e oti des
conpl enent ary ﬂB’ {]ﬁ?g Tde hast \fB?f‘“ﬁd“”gﬁz?an@és%éa% vﬁ??"rfﬁm&r%f the p““"ﬁ“ or
i ncor por at ed i rtedetipe obone piadrpiaieriidys tmakelImyesepide aRefusncof Janthts
interfering detectaabé ehanehedic sipge dkd ot belkaomningsoharaaneriseddyt thaaDNA east
one detectable Qh@gﬁ@pt}e@nd/or separ ati on el enent vvhereby each

ext ended pri ner has gect egla e e
i &hEht?

el ement at a positi O ta?lng ggcf éﬁ&c ang ﬁﬁ%ltbgoat"t?f'éte&
base and a det ect abll% M?Q)F“Sébéﬁ%&tii%m PReTIR o ptreYaY IF9r 4t 19t ey
to the ol i gonuciceet nebdeqid derelanges. This iApedidilag yt mperteini i4 eerekiingnioodi ment

of this inventigRetibafiCedsss suddf &Vefet *ibrapRaALRIdes N & bPQEERETIEHGNE he
met hod of any Oﬂ?fe?‘tnttigﬁon o‘?@?ﬂe%@& %e?ess&r‘l?y m\é‘?@%'ﬁ”ge‘?\?@%#eﬂw such
as used for DNA profiling.

This particular method does not invoive solid-liquid hybridisation,
precise liquid hybridisation conditions and is not technically demanding.
Other systems, such as Southern biot hybridisation, require that the target
polynucleotide sequence 1s linked to a solid support (technically
demanding) and/or the use of oligonucleotide probes that require precise
hybridisation conditions. These systems cannot be automated and are not
easily adapted to large scale screening.

i r rawin

Preferred embodiments of the invention are now described with
reference to the following drawings in which:

Figure 1 is a schematic drawing of a method for detecting & specific
poiynucleotide sequence;

Figure 2a is a schematic drawing of a method for detecting a specific
polynucleotide sequence using a separation element which links to the
oligonucieotide primer portion of an extended primer;

Figure 2b is a schematic drawing of a method for detecting a specific
polynucleotide seguence using a separation element which 1inks to the
extended portion of an extended primer;
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- 18- a reactor; means for addi ng ol i gonucl eotide priner and
reagents for extending said priner to said reactor, said neans for
addi ng bei ng operatively associated wth the reactor; means
for separating extended prinmer into at |east one fraction(s) and
for hol ding sgj tion(s),. said nmeans for separating bej

operatively agjgg’&%g?sgd with the reactor; and a de%@?%lg%{ogtr)ss
detecting the presence of any extended primer(s) in sai d
fractions), said detector being operatively associated with said
nmeans for separating. According tgsa fourteenth enbodi ment of this

i nvention there is provi ded a screening method for. detecting the presence
of at least two  dffEpes dhis Sptrdematic Apmineuel adwethed fs"éq‘{fg?i: i’ég fn material
havi ng a pl ur alnut)eotidefordiaisé ehange upbigyn senssationielemsouahicbs! iaionte ithd ng: a)
exposi ng sai d rAifhiakotife atineeasitisiver dhfdkesndad poimgonucl eot i de
primers each of sai ghodid 424800 s RlAIANHALCH bR MBI DaVlig 8
sequence conpl eneRt Ay ORE hargt W21G Ohendlof el nth Wi RATEL LS the

extended portion of an extended primer;

Figure 3¢ 1s a schematic drawing of a method for detecting a

- -nucleotide or base change using a detectable element 1inked to the. extended
portion of an extendeg primer;

Figure 4 shows an autoradiograph used to verify the size of the
extended oligonucleotide produced in the third example of the invention; and

Figure 5 is a schematic depiction of an apparatus for performing any
one of the methods of the invention.

T veniion

There are four especially preferred applications of the methods of
the invention, that is, (i) the detection of a specific nucleotide segquence
(major application: infectious diseases) (i1) the detection of a nucleotide
or base change (major applications: genetic diseases and DNA
Fingerprinting) (§i1) the detection of multiple specific nucleotide
sequences using different capture molecules (major appiication: muitiple
infectious diseases) and (iv) detection of multiple nucleotide or base
changes in different polynucleotide sequences (major applications: multiple
genetic diseases and DNA fingerprinting). A single apparatus (with minor
modifications) is suitable for use with all applications.

i f ifi 1

Referring to Figure 1, a method for detecting a specific
polynucleotide sequence first involves the synthesis of an o?igonucléotide
primer complementary fo the target polynucleotide sequence. The optimum
tength of the primer depends on the length of the most conserved sequence
in the polynucieotide sequence to be detected up to & maximum length of 30
nucleotides.

The specific primer is preferably attached to an inert solid support,
using the method of Ashley and MacDonald (1984). Any inert support
particle to which smail DNA moiecuies can be attached can be used, for
instance cellulose or nylon. The polynucleotide sequence to be detected is
added to the support - specific primer conjugate in the presence of a
solution that promotes rapid hybridisation between the specific primer and



pol ynucl eoti de sequences wherein each of said priners binds to part

of one of said different specific polynucl eoti de sequences when

present in said material each of said oligonucleotide prinmers binding to
part of a different specific polynucl eotide sequence to the other

of said ollgonucleotlde primer(s); b) extending said different

ol i gonucl eotide prinmers bound to their different specific

pol ynucl eot i deWOP8 4% es wherei n any extended pri mEACTVAKI0(0Ge58 a
detect abl e el enent and/or a separation el enent; c) separating any
extended priners into a fraction wherein said fraction does not
have detectable el enent not included in said extended primer(s);
and d) det er mi ni ng whet her any extend&& priners are present in said
fraction thelyo1 ARISEAYLIYY RQieticd . el apprdperatalsblaiorsaindamxtensied primers

wher ei n ofdhﬁ, BlESRPC S, Abu Qﬂaﬁuﬂ%tﬁfte SET) %%*ﬁ%gﬂepwgg E%IC’?SpeCi fic

I ndi cative of t | east one of the d

pol ynucl eot i de ¢ support s ﬁ@ﬁ Q’ h sald material and the absence of all of
sai d extended The E‘M’Fﬁap( #pshipg SUETEr fdetrmingh the skriapensy icordidfons hea
absence of all gthndahe buffer ts 140mM Se@iienntchptdei, fii5eM paliymuciresd kele 2g@quences
in said materiadogium phosphatﬁc,gpgcb ng to a, fifteenth enbodi ment of this

i nvention there i's  provi %\336“5%/0 g%ﬁ&dqﬁ%ogtﬁé%ro Sighd-ag Ygidgy the

sane or different
PCT/ AU90/ 00058 fragment) or reverse transcriptase in the presence of the four

deoxyribonucleotides, one of which is labelled, radioactively, with biotin
or with a fluorescent ijabel. The length of extension depends upon the time
and temperature of the extension reaction providing all chemicals are in
non-1imiting concentration.

Generally the reaction is carried out at 37°C for 30 minutes and the
iabel is 32?. The level of incorporation of labelled nucleotide into
gge extended primer is measured by liquid scintillation when the label is

Alternatively the Tabel can be a fluorescent label.

Following primer extension the mixture is washed and assayed for
presence of the label. | '

The presence of label after the final wash indicates that the primer
has been extended, and that, therefore, the nucleic acid whose presence is
being assayed is present. The specific primer can only be extended using
the nuc1e1c_ac1d to which 1t is complementary as template.

In summary this method involves the following steps:

the synthesis of a specific primer complementary to part of a known

or partly known nucleic acid seguence, the target. .

. the attachment of a capture (Configuration A - Figure 2a) or detector
(Configuration B - Figure 2b) molecule to the 5' end of the specific
primer
the hybridisation, in solution, of this specific primer to the target
nucleic acid sequence
the addition to the solution of the four deoxyribonucieotides and
either a DNA dependent DNA polymerase (if the target is DNA) or a RNA
dependent DNA polymerase (if the target is RNA) under conditions
suitable for the enzymatic extension of the specific primer. One or
more of the deoxyribonucleotides has covalently attached to it a
detector molecule (Configuration A) or a capture molecule



--19- specific nucl eotides or bases are at particular positions in at
| east two different specific polynucl eoti de sequences in material having
a plurality of different polynucl eotide sequences conpri sing: a)
exposing said material to at |least two different oligonucleotide
prinmers each of said-different oligonucleotide prinmers having a
sequence conplenentary to part of one of said different specific
polynucleotidgmgﬂaﬁgﬁces wherein each of said pri'ners bi nd&T{APIP{00058
conpl ement ary pol ynucl eoti de sequence when present in said materi al
each of said oligonucleotide primers binding to part of a different
speci fic pol ynucl eoti de sequence to that of the other priner(s) and
wherein each of said priners binds to itsz%bnplenentary specific

pol ynucl eoti de sequéwndgguratismiBdl materi al i nmedi ately adj acent to the

particul ar positioRhe pblymeras€¥hBmelicRtensditie giinbcuemy wobigopucienticde
primers bound fO1REHS 5 o temmat&ggq%'sﬁ@%%uxlypmcxmﬂt@teu@%rsaegytgegﬁs with
oF 3, moiecule % g nae

the proviso that .e und priners 1s only exte up to

and includi ng the Park FPE{"4r 10, 0% f’itg?i’]eevr?éﬁ“e%ai d specific nucl eotide

or base-is at the by reasdicarcan be heat qepafiurddoindi thetqyelesprpghtedctonumsl Yot i de

sequence wherein eard afunt 3f Gxtended speceiiiceprdidl primers has a detectable .

i 0 Spedi 116 nucl St o Rk de v specirie afinflyHOHCMP RIS S0 )

whi ch has ext ended sf.’)ﬁld upgeTE oilé added to t'%epffgpﬁf’% uﬂffgl Ce°8¥1t38"sof°“§‘éf§ge & a

particul ar positi ot"t Atngieg of ke cepfure moleculgifertde sredific AFEet IYorPlawee not

have detectable el goegonfimiratioe|Buckhe extended spenifiaintimext Bnphediptateer; and

]gi) y det gr i ni ng Wﬁ\t@_ﬁxﬁno?t, Jat?rﬁ%tto]?%ofeﬂuﬁH%B?%rﬂéﬁd”&@x}ﬁb&é{u@ﬁ_@ﬂtdei n said
raction by assayi i I ion for id_exten i JTers

wherein the presen?gpgﬁgeaﬁﬂé)c(@gnﬁg@eﬁ'ri rr\gtrerjw%schiig:t ese %&Lt%'féggtsp%éggﬁ one

speci fic nucl eoti d&" WET Badesysgended 4 npa soiution £ondysbiet fokhe hingdingpefcthe ¢

pol ynucl eoti de sequertoee meidctlactoabisesmeelfdf adfini tyamadeante entedsgecifirer s

in said fraction indfigefyefo1bdiat (attacRasto ORE1IIPRGHIrEY 1DURLLQEdede OF

base is not at a papidl gl é{temysrp%cql?ﬂ grs%&y 1 9%t adfeqdtd fafer ?&%%ﬁg?c' fic

pol ynucl eot i de sequgﬂces. ccording to a siIXxteenth enbodi ment of

this invention t hePe PEY pHesHIersq! i SppRIdniomRehdd hdbe reptupmeiertfy thmet her

t he_same or differ@hx s washed extensively under high stringency conditions
at the conclusion of the washing step, the mix is assayed using a
procedure appropriate for detecting the detector molecule

2. Detection of a nucleotide or base change

This method involves the following steps:
the synthesis of a specific primer complementary to part of a known
or partly known nucleic acid sequence, the target. The specific
primer sequence is complementary to the target sequence either
immediately adjacent to but not inciuding the single nucieotide or
base to be detected or not immediateiy adjacent to the single
nucleotide or base to be detected but having an intervening sequence
between the bound primer and the nucleotide or base to be detected
the attachment of & capture (Configuration A - Figure 3a) or detector
(Configuration B - Figure 3b) molecule to the 5' end of the specific
primer. For Configuration C (Figure 3¢), neither a capture or
detector molecule are attached to the specific primer at the 5° end
the hybridisation, in solution, of this specific primer to the target
nucletc acid sequence
the addition to the solution of only one type of dideoxyribo-
nucleotide Cor deoxyribonucleotide), that is, the one which can pair

*
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specific nucleotides or bases are at particular positions in at |east two
di fferent specific polynucleotide sequences in material having a plurality
of different polynucl eotide sequences conpri sing: WO 90/ 09455
PCT/ AU90/ 00058 - 20- a)
exposing said material to at |east -two different oligonucl eotide

primers each of said different oligonucleotide prinmers having. a

sequence conmpg y to part of one of said different s A

pol ynucl eoti de sé@%@%ces wherein each of said priners bing@ﬁ?%b@?gws

conpl ement ary pol ynucl eoti de sequence not inmredi ately adj acent to the
particul ar position whereby there is an interveni ng sequence between

the particular position and prinmer bound &p the specific

pol ynucl eoti de sequence when present in Id material each of sai

ol i gonucl eoti de pr Pﬁ@#’@'%?“nhqnﬁd’”@b tb%ubfseo?" &“C&?‘W@r Enbe doERcted ¢n the

pol ynucl eoti de sequemget sequebdeaindodi therea Otk @epeprantrgiNg pplymerdsy (iIf tbxt endi ng
said different ol i gaieelieivhder R -NABdeBeddomtNONAL fo1ifb@hde (if the tar§@NP ementary

pol ynucl eoti de Seqlﬂﬁqcfﬁ emg‘r{d‘?hgn?‘aﬁ{l&ﬂf *ohethgoél'lgﬂnatic extens19t( Wﬁecﬂé ' S onI y

extended up to and 1 n¢

speci fic nucl eot i d&PESHT ‘Ea@'égﬁ" if'gtdlﬂ‘i? paL 'E‘H“Eﬁfe%'ﬁjdbégr fpyribo-

nucleotide) has covalently attached to it a detector molecule
(Configuration A and C) or a capture molecule (Configuration B)

the polymerase enzyme extends the primer using the target nucleic
acid as a template adding only one molecule of the dideoxyribo-
nucteotide (or deoxyribonucleotide) if base pairing is possible. The
specific primer is not extended if base pairing between the
dideoxyribonuclieotide (or deoxyribonucleotide) and the target
sequence is not possible. A detector (Configuration A and C) or a
capture (Configuration B) molecule

the reaction can be heat denatured and the cycle repeated to amplify
the amount of extended specific primer

for Configuration A, the specific affinity molecule (attached to a
solid support) is added to the solution under conditions conducive to
the binding of the capture molecule to the specific affinity molecule
for Configuration B, the extended specific primer is precipitated
with ethanol, washed to remove unincorporated dideoxyribon-
nucleotide~capture molecule compiex (or deoxyribonucleotide-capture
molecule compiex). After washing, the extended specific primer is
resuspended in a solution conducive to the binding of the capture
molecule to the specific affinity molecule. The specific affinity
molecule (attached to a solid support) is then added '

for Configurations A and B, once the extended specific primer is
attached to the specific affinity molecule-solid support the complex
via the capture molecule, the mix is washed extensively under high
stringency conditions

for Configuration A and B, at the conclusion of the washing step, the
mix is assayed using a procedure appropriate for detecting the
detector molecule

for Configuration C, the reaction mix is loaded onto a lane of an
agarose or polyacrylamide gel of suitable composition,
electrophoresed to resolve the extended specific primer-detector
molecule complex and finally assaved using a procedure appropriate



Ln the specific nucleotide sequence wherein each of said extended
pr.inmers has a detectable el enent and/or a separation elenent at a
position conplenmentary to said specific nucleotide or base with the
provi so that the intervening sequences cannot be ones where bases or
nucl eoti des conpl enentary to the interveni ng sequences and which are
I ncor por at ed i whoolosext ended prinmer(s) cause incorporati errofuse/o00ss

interfering detectabl e and/ or separation el enent(s); c) separating any
ext ended priner which has extended only up to a speci fic nucl eoti de
or base at a particular position into a fraction wherein said
fracti on does not have detectable el enent -get included in said
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PCT/ AU90/ 00058 {with attached different capture molecules) to the different target

nucleic acid sequences to which the different specific primers are
complementary

the addition to the solution of the four deoxyribonucleotides and
.either a DNA dependent DNA polymerase (if the targets are all DNA),
or a RNA dependent DNA polymerase (if the targets are all RNA) or
both polymerases (if the targets are a mixture of both DNA and RNA)
under conditions suitable for the enzymatic extension of the specific
primers if these specific primers are hybridised with their
compiementary target nucleic acid sequence. One or more of the
deoxyribonucleotides has covalently attached to it a detector molecule
the polymerase enzyme(s) extends the different specific primer using
the different target nucleic acid sequences as a templates and
simultaneously incorporates a detector moiecule into the extended
primers

the reaction can be heat denatured and the cycle repeated to amplify
the amount of different extended specific primers

different specific affinity molecules (which have specific affinity
for the different respective capture molecules and are attached to
solid supports such as “test strips”) are added to the solution under
conditions conducive to the binding of the different capture molecule
to their different specific affinity molecule

once the different extended specific primers are attached to their
specific affinity molecule-solid support complexes via the different
capture molecules, each different complex is removed individually
with the appropriate test strip which subsequently is washed
extensively under high stringency conditions



- 21- nucl eoti de or base change to be detected or specific to part
of a partly or wholly known nucl eoti de sequence which is not

i mredi ately adj acent to the nucl eotide or base change to be
detected but has an i nt erveni ng sequence between the bound priner
and the nucl eotide or base change to be-.detected ext ensi on
of the prinmer catal ysed by a nucleic acid pol ynerase enzyne ei t her
(1) the attaclwept/owsss a capture nolecule at the 5 end of PEEAU/00058
specific priner, addition of the target sequence under hybridi sation
conditions and the incorporation of a detector nolecule(s) in the

enzyne catal ysed extended priner or (ii) the attachnent of a detector

nol ecule at the 5° end of the specific pr+43@®er, addition of the target
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gr.ou consli st P,
ddCTP, ddGTP, ddI TP Sni® &"d”ﬁ"P %S “ugé te"e‘ e"“%"p %raFﬁ? of B ?ﬁhsé %Alﬁft h,
si xth, tenth arfd ok o nucle e eedRpri ses usi ng
at |east one nuclmx i

dGIP, dTTP, dUﬂDQﬁH&%?LiK#ﬁﬁ%ﬂggfﬁp1 ddGTP‘“ddITP‘and ddTTP. GEneraIIy
at least one n S I group consi sting of ddATP,
ddCTP, ddGTP, %&!h s fig o1 icping tspe%s In addition to a

nucl eot i de(s) aI SO f'}?p?y(’féﬂef"iﬁ HEéd"“’ﬁ*pé%tdé?fdfer?é PR fic primers each of which

is complementary to a different known nucleic acid sequence, the
targets. The different specific primer sequences are complementary
to their respective different target sequences immediately adjacent
to the single base to be detected

the attachment of gifferent capture molecules to the 5' end of the
different specific primers

the hybridization, in solution, of these different specific primers
to their different respective target nucleic acid sequences

the addition of the solution of all four types of dideoxyribo-
nucleotide (eg, ddATP, ddCTP, ddGTP, ddTTP) and either a DNA
dependent DNA polymerase (if all the targets are DNA) or a RNA
dependent DNA polymerase (if all the targets are RNA) or both (if the
targets are a mixture of both DNA and RNA) under conditions suitable
for the enzymatic extension of the different specific primers. Each
dideoxyribonucleotide has covalently attached to it a different
detector molecuie.

the polymerase enzyme extends the different specific primers using
the different target nucleic acid sequences as temblates adding only
one molecule of one of the dideoxyribonucleotides _

the reaction can be heat denatured and the cycle repeated to amplify
the amounts of extended different specific primers




pr-imer are at |east one appropriate polynerase enzyne and appropriate

buf fering agent. Exanpl es of pol ynerase enzynes are E.coli DNA

pol ymerase, E.coli DNA pol ynerase (Kl enow fragment), Bacteriophage T7 DNA
pol ymerase, = Bacteriophage T4 DNA pol ynerase, Taq DNA pol ynerase and AW
Rever se WO 90/ 09455 ==

PCT/ AU90/ 00058WO 90/09455 - 22PCT/AU90/00058
transcri pt ase. Buf feri ng agents whi ch buffer aqueous sol utions
between pH 6 - 8.5 are generally suitable for use with a pol ynmerase enzyne
to extend the prinmer. Cenerally a magnesiumsalt (eg Mg [err] or
MySO[err]) is included wth the buffering3sagent. A total salt

Comerator e o1 "t he. o3 EAGPHE PRl BE NG ke FEC OB AP,

pglrrngrer ase enzyne ugféft&e%fﬂti r?sspefeﬁf c?ﬁﬁure f"?l]hefﬁtgs raﬁ?idée f%ggblde‘?"r P8 ore

typi cal | § 30-70[ er r p@ports such as|“testsstyppsi'apredideaie the jadation gnderof the
nucl eoti des has t hecondétiens eddidecieé eneie .binding of thAldi Bfenatti sepkyre or in

addi tion; the detechallfeeltsrmataifridtnirel 40 arrihg Mhik@apucl eotide priner.
Typically, the detegtable FEQTEN! oltEndda BENPACHING | ARCLt 568 Gh 0 ety

specific affinity molecule-solid support compiexes via the different

capture molecules, each different complex is removed individually

with the appropriate test strip which subsequently is washed

extensively under high stringency conditions . )

at the conclusion of the washing step, one of the test strips is

assayed for the presence of detector molecule using a procedure

appropriate for the particular detector molecule. If the assay
fndicates that the detector molecule is present on the test strip
then this is indicative that the specific nucleotide sequence
targeted by the primer having that particular detectable molecule is
present in the test sample. If the assay indicates that no detector
molecule is present on the test strip then this is indicative that
the specific mucleotide sequence targeted by the primer having that
particular detectable molecule is not present in the test sample

the procedure of the last step is repeated for each of the test strips

. _Appar f in Meth f v

Referring to Fig. 5 apparatus 100 {s generaily suitable for carrying
out the methods of the invention according to non-automatic or automatic
procedures. The extending and separation procedures take place within
removable reactor 10 which is disposed within support vessel 11. Vessel 11}

‘is temperature controlled by thermo-controlled jacket 12. The contenfs of
reactor 10 are mixed by shaking vessel 11 using shaker 13.. The base of
reactor 10 has specific porosity membrane 14 supported by membrane support
15. Reactor 10 is supported in vessel 11 by support for removable reactor
21.

Sampie material, primer(s) and extending reagents are delivered to
reactor 10 from their respective vessels 16, 17 and 18. Primer annealing
and extension are permitted to occur for an appropriate period under gentie
mixing and fixed temperature conditions. This reaction creates an extended
primer having a detectable element and separation element provided the
sample has a specific polynucieotide sequence for which the primer has a



fromthe group consisting of 3H, 125[err], 131[err], 14[err], 35[err] and

32[err]. The detectable el enent nay be non- radi oactive and
generally is selected fromthe group consisting of an enzymatic group, an
I mmunol ogi cal group, and a spectroscopically detectable group. The

spect.roscopi cal |y detectabl e group may be a | um nescent group, a
chem | um nescent group, an NVR det ect abl e group, a fluorescent group or

an 1R detectabl e grou Advant ageously, the eXtend%ﬂmﬁXﬁﬁ?ﬁ?

i ncl udes a sep¥ (%#5el ement  which facilitates the Separation o e
extended prinmer into the first fraction. General ly, the specific
pol ynucl eoti de sequence is a DNA sequence or an RNA sequence. The
speci fic pol ynucl eoti de sequence may be froman infectious or disease.
causi ng organi smwhich nmay be live or non-vtabl e viral, bacterial, f ungal

or Protozoan. sequence cbiglemesiterydtangantagf thecipsdific polynucieotidelisegpeacepl urality
of nucleotide types gpseganthyPEpedBr1c RFENA LY Roteb@ e ()P AANMIC| RGIchele te@fUENCe

to extend said RlalShipetl sor the senBSHbRd1del B EocBGLORLIGR oG Ly o2l d

primer bound to sequenc % Q4 ext £n q Rr i mer third,
fifth, ninth anduppIyessehtis a@&ﬁdmwﬁ%ﬁf’s@“t yith extended gy dl“"‘hé 28" | east one
si ngl e nucl eot i depropretet perded.d Upréagted traasids + buffet pad geAxyensed ebtme s’
sequence to ext gpd %Rl bmbVeld R waste containek res0Ne vaauumi Dot 25, metihod of the

i nvention the expasune; AN R HLEL4, attached to tAP 1RO4 BP4BPhort vessel 11 whilst

PCT/ AU907 00058 extended primer{s) having attached SAM(S) are retained in reactor 10 by
membrane 14. The retained primer-SAM complexes are washed with wash
reagent supplied from vessel 22 to remove background and thereby create the
first fraction in reactor 10. The first fraction is then examined for the
presence of detectable element with detector 23. Typically, the detectable
element is a radioactive element such as 2P and detector 23 is a
scintillation counter.

If the assay indicates that the detector molectule is present then
this is indicative that the specific nucleotide sequence is present in the
test sample. If the assay indicates that no detector molecule is present
then this is indicative that the specific nucleotide sequence is not
present in the test sample.

Exampie 1

In this example of the detection of a specific polynucieotide
sequence, the method depicted in Fig. 1 was used for the detection of the
single stranded genomic DNA of the bacteriophage M13.

1. v f i jmer.

A 17-mer DNA complementary to M13 ssDNA was synthesized on an'Applied
Biosystems DNA Synthesizer.

The 17-mer had the nucieotide sequence:

3'T-G-A-C-C-G-G-C-A-G~C-A-A-A-A-T-G- 5'

This primer is not only complementary to M13 single-stranded DNA but
also to the bacterial double-stranded DNA plasmid, pUCiZ.
2. Attachment of the primer to cellulose.

The method of Ashliey and MacDonald (1984) was used to attach the
primer to ABM-cellulose. The amino benzyloxymethyl (ABM) groups on ABM
cellulose were diazotized to form diazobenzyloxymethyl-cellulose
(DBM-cellutose). The specific primer was attached to the DBM-celluilose.
Approximately 40 pg of specific primer was bound to 20 mg of cellulose.



- 23- extension steps occur before the separation step. I n one
formof this invention, the separation elenent is |linked to t he

ol i gonucl eotide priner. Alternatively, the extended prinmer includes a
separation el enent which facilitates separation of extended prinmer fromthe
m xture into t fraction and wherein at | east one

nucl eot i des hé@”{”ﬁ‘g“ eparation el enent. I n-one for ?Uﬂﬁogoss

i nvention, the separation step conprises: contacting any extended
primer with a nolecule having affinity for t he separation el enment, "the
nol ecul e being Iinked to a support that facilitates the separating; and
separating the contacted extended prlner@§) to provi de the fraction.
Advant ageousl §, t Higbddjzat Hini i i menekef Reqelifulase ¥ (GRA: from
the group |isted igyrrdt atgl vy belomr Separatlon Elenent Mol ecul e

Having Affinity f%rp c%?g%?et h%”re'ih?p’lﬁ&td in ﬁ%tuft‘uln' a8 Y tr}@h’ca‘%g t a

receptor for the ? g a
the |igand f ofUgl Fﬂsc DRIt M3 YA gy P%F@? ryater This was mixedy, %qu body for
the antigen; for{8)misytennnd lgpabphedopr ice. The mixiyee mpm khparwashedaby anti gen;

(e) an antli dceityfFugation using aamsarﬁufmeomﬁrosmghmmtsdditdi\ alilypide, 15mM

antibody;  sogiyn citrate andafﬁn&dbs(BGVtm pho h)iteanpﬂaf"o' {U)Fléﬁxoté)ﬁu@l@ic acids an
antiidiotypic al t| c% h9ﬂd§ i F eié | ¢ anti body; ant i body;
(g) a haptenié& Srou yoricise gh %8d§ %€he haptenic group; (h) an
anti body for #- Limer. eni c group; a hapteni c group; (i) an
enzynmne; The specfin mdmergwasntendedrushar Dithplgmzysee] (Endow (] ) a

bi ndi ng fragment) togeth&lCwRAZMBBI1ed ahdBbi2h {b@11eb Huc BB RBLZY TE;

The reaction conditions were as follows:

20 : ) Reaction Mix

50mM Tris-HC1, pH 8.3

8mM Magnesium chloride
4mM dithiothreitol
4mM sodium pyrophosphate
1mM each dATP, dGTP and dTTP
1 c 32p gce |
7 units DNA polymerase I, Klenow fragment.

It was found that the addition of polyethylene glycol 6000 to a final
concentration of 4% increased the incorporation of radioactivity up to
three fold.

The reaction mix was incubated for 2 hrs at 20°C.

At the end of the incubation, unincorporated nucleotides were removed
by washing the SP-celiulose four times by centrifugation. The washing
buffer was 140mM sodium chloride, 15mM sodium citrate and 20mM sodium -
phosphate, pE 7.0. The sample was vortexed for 1 minute at room
temperature then centrifuged at 12,0009 for 5 minutes. This was repeated
four times.

Finally, the SP-cellulose was added to a vial containing
scintillation solution and incorporation was determined using a liquid
scintillation counter.

Example 2

In this example of the detection of a specific polynucleotide
sequence according to the second embodiment of the invention, single
stranded genomic DNA from the bacteriophage M13 mpl8 was detected using'the



>

Typlcally, t he separation element and the nolecule are selected from the

group listed bel ow WO 90/ 09455

PCT/ AU90/ 00058 - 24-

Separ ation El ement Mol ecul e Having Affinity for Separation El ement
(a) a ligand for which a specific receptor for the |igand; there is
a specific receptor; (b) a specific receptor; the ligand for the
specific r’ecem/olgonmsi c) an anti gen; a speci f pcrabioady for

t he anti gen; (d) a specific antibody for the antigen; an antigen;

(e) an antilidiotypic an anti body specific for the antilidiotypic
ant i body; anti body; (f) an antibody for an an

antlidiotypic antibody specific for the _gptiidiotypic antibody;
ant i body; (9) a specific antibody for the

te
hapt eni c groupﬁb?k?ﬁ% ﬂgﬂggkfﬁ%éﬁrpmgodg for t he haptenic group; a

hapt eni ¢ group;
3. . . TTTGCTGCCGGTCACGGTTCGAA. . .5 ‘

5* AAACGACGGCCAGTGCC
Specific Primer

The configuration used in this example is demonstrated in Figure 2b;
the detector molecule in this exampie is 32? and is attached to the 5'
end of the spec1f1c primer; the capture molecute is biotin and is
incorporated into the extended primer as biotin-16-dUTP (an analogue of
dTTP); the specific affinity molecule is streptavidin and the solid support
{s agarose.

The specific primer was synthesised using an oligonuclectide
synthesiser and was 5' end iabelled with 32P using polynucleotide kinase

as follows:

Reaction mix:
Specific primer (50 pmoles 5'OH ends) Tl
100 mM dithiothreitol 5ul
10x TM Buffer - Bl

(600 mM Tris, pH7.6; 90 mM MgCiz)

v-32p_dATP (3000 Ci/mmole) 1501
T, polynucleotide kinase (8.6 units/ml} ' 2pl
ddi,0 22pl

The reaction mix was incubated at 37°C for 20 minutes. The Jabelled
primer was separated from unincorporated 32? using a DEAE cellulose
column.

The primer extension reaction was carried using the following °
reaction mix either with M13 mpli8 or lambda bacteriophage (as a non-

homologous control}:



Y

(1¥) an enzyne, a tight binding inhibitor for the enzyne; and
(j) a tight binding the enzyne. I nhi bitor for an enzyne;

Typi cal exanples of ligands for which there are avail able receptors are:
a vitamn such as biotin, a sugar nolecule such as gl ucose or

mannose, a hornone such as adrenalin or cortisone and a steroid such

as progest er onWO@P/08458t ost erone. There are nunerous types @CTIAYGH/0NSS

whi ch have avail able receptors and the preceding list is given by way

of exenplification only. The separation typically includes a solid
support which is typically selected fromthe group consisting of |atex,
magneti c beads, nitrocel | ul ose, agaroses37cel | ul ose, pol yacryl ani de,

nyl on, gl ass and polystyrene M13 [jmba

Advant ages Advantages A parti ar advant age of
the method of ‘?ﬁv@ﬁE£§ t hat the %éf‘emcorrblne&l eparation and
det ection el emerﬂ éakshletdh@ebiﬁéc prifier gonucl eol%lle after pri®r extension.

Most ot her sysbDmrATpoly@erdse €Kleh@r;ubenit/of a cwpture probe &id a detector
probe. - pfothiib@fe athygnt age is that fhe system depgnds on the enzyne
driven exten the prinmer to incorpofyate a separatj,on or detection
el ement or 3t Pl gE B e tat b

PCT/ AU90/ 00058 4GTP (1 mM) Tul 1ul
dATP (1 mM) _ ) 110 _ 1T} .
NaCl (5 M) | Yul Jul
MgSO4 M 0.5u1 0.5u}
Dithiothreitol (4 mM) 1.25u1 1.25
Bovine serum albumin (1 mg/mi) 2.5u) 2.5ul
Tris HCI, pH7.0 OO W) 2.5u1 2.50u1
ddH,0 24.75u1 25/25u1

The reaction mix was incubated at 37°C for 60 minutes. At the
completion of the incubation, the extended primer was precipitated with
ethanol to remove unincorporated biotin-16-dUTP. To the reaction mix was
added one volume (50ul) 5M ammonium acetate and 250ul ethanol, followed by
brief mixing and incubation at -20°C for one hour. "The precipitaté was
tollected by centrifugation, dried briefly, resuspended in 50uil ddHZO and
applied to a 200ul streptavidin/agarose column (containing 0.12mg
streptavidin) previously equilibrated with binding buffer (10 mM Tris HC1,
pH7.5; 200 mM NaCl; 1 mM EDTA). The column was washed five times with
500u1 each of binding buffer. The streptavidin/agarose was suspended in
iml binding buffer to which was added éml of scintillation fluid and the
mixture counted in a liquid scintillation counter.

The results. for the M13 and the lambda systems were as follows::

Jemplate : com
M13 29,085
lambda 1,043

The resvults demonstrate that the primer was specifically extended
only in the presence of the homologous template, M13, but not extended in
the presence of the non-homologous template, lambda. Further, biotin was
incorporated into the extended primer.



LN

-

: 25- el enments (depending on configuration) and the the el ement or
ebenments are therefore covalently attached to the specific priner.
Because of this coval ent attachnment, washing steps can be perfornmed at
very high stringency which results in reduced background and increased

specificity. Anot her advantage is that the nethod of the invention
can be easily aut omat ed. In the nethod of the invention the steps
can be incorpgHahmssé Nto a sinple kit format. ApbiiaiUa6rboessl vant age

is that an oligonucleotide primer having a sequence conplinentary to-a
conserved or variable region of the ‘genone of t he organi sm of interest
can be used and thus can be designed for high or | ow specificity (i.e.,
genus specific, species specific or straip specific). a rapid and
sensitive nethod for the detection of specific polynucleotide sequences
or nucl eotide changes in specific pol yRaBtéeti de sequences using a single
ol i gonucl eot i de pr tbehis example ofGErecusl ¢fy theninvirg ioreférotheofietebtdon méent i on t he
detectabl e [lybanits’reb ?maesafa&tbraed. By Son®Dut-tiSREROWK Th FigdreON wﬁ_sﬁ&g_a? a\t/vay _OI
uni ncor por at e : [ ep it
does add to thé'e 'H? isgg&?equ?ﬁé%q?%? té‘?@é@%é‘ﬁ%&‘qfﬁgﬂg‘%‘“ege@éﬁg"b‘g‘%v“é?‘*corre by
choosing a oSt &8 e el ement whereby any uni ncor porated detectabl e

el ement can be sinple inactivated antl3|sP¥A in the reaction mx, rather
than having to be 3 physitall g oemyeds ¢ T ¢ A ¢ ¢ Ganerad laya .a. degrecti on
sensitivity in the ordes 0f J18[€krdcc d@[£EM g c genome copies is quite
adequate for detecting a W de range of virus, bacterial and parasitic
organi sms which are usual ly present ﬁpﬁd:ﬁfdg?iﬁ'fre to high nunbers in their
respective di seaseThket sreekfic myimegefasciyntiiesisad asingran olipenyplechide| nf ect i ous
agent i s presesyntienisgrin very | ow nunbers (e.g. HV) t he nethod of the

invention can makerpSgea@fioh A xtwas Nt GYasOfo1 RRE Y MEri sation chain reaction
(PCR) which is effectively an anplification step which results in an

increase in sensitivity. 2. Infectious Disease D agnosis Advant ages
The nethod of the i nvﬁpi’@nm;?@?‘ﬁi 8% he rapi d, sinple and 2.5u1

0.8 pmoles specific primer 2.0p1

10x reaction buffer 1.5u1

ddH,0 1.0p1

.This reaction mix was incubated at 55°C for 10 minutes at which time
the following were added:

32

P dATP (3000 Ci/mmole, 10 mCi/ml) . 0.5u1
32p ddATP (3000 Ci/mmole, 10 mCi/mi) 1.5u]
DNA polymerase (Klenow) {1 unit/pl) 1.0p1

This reaction mix was incubated for a further 15 minutes at 25°C.
The reaction was stopped by the addition of 4ul formamide dye (95%
formamide, 0.1% xylene cyanol, 0.1% bromophenol blue). The reaction mix
was heated at 100°C for three minutes prior to loading on a 20%
polyacrylamide gel and electrophoresing for 30 minutes at 30 milliamps.
The gel was then fixed in 10% acetic acid, washed with ddeo and exposed
to X-ray film at -B0°C for 12 hours.

The resulting autoradiograph (Figure 4) exhibited only one band of 18
nucieotides in length. Thus the primer had been extended by only one
nucleotide by the incorporation of a labelled adenine residue and thus
detecting a specific single nucieotide in a nucleic acid sequence.

Example 4

In this example of the detection of a specific polynucieotide

sequence, the method of Fig. 2a was used for detection of the single



non- hazar dous detection of specific polynucleotide sequences in sanples of
bi ol ogical material especially infectious agents. The detectabl e sequence
may be part of an infectious organismsuch as a virus, bacterium Protozoan
or fungus, or part of a gene in which an abnormality results in a genetic

di sorder: for exanple, sickle-cell anem a, cystic fibrosis, WO
90/ 09455 WO 90/09455 | PCT/AND/99058 058
-26- a-thalassema or [err]-thal assem a. Non- vi abl e organi sns can
be detected using the nethod of the i nventi on. A further advantage

Is the nethod can use a m xture of " oligonucleotide prinmers for the
detection of a battery of agents suspectedss-of causing a broad range of

di sease states tef'-agded ggwggm 3 tm/q,g ePRRage iRl anydi a, streptococcus,

| egionella, RS sgase D agnosi s Advant ages

The method can be u 28 on of an altered nucleotide
base (point nutati of)25afes Pir compiemerdaeicte YFS o5ONE s iswrtdetiizerh by Clondet et i on
of one or nore rusal.eotides in a pol ynucl eotide sequence. In this instance

t he genetic change has zggnepq,aglggmu@ggigp@g@g;@ri sed at the DNA

5'-X ACG TTG TAA AAC GAC GGC CAG TGC C-3'
where X is biotin covalently attached to a modified nucleotide.
2. i i rimer nsi

The primer was mixed with buffer containing either MI3 DNA (target)
or herring sperm DNA (control) and extended using DNA Polymerase I (Klenow
fragment).

Reaction conditions were as follows:

50 mM Tris pH 7.5

10 mM MgCl2

4 mM DTT

100 mM NaCl

50 ug/ml bovine serum albumin

0.02 mM each dATP, dGTP, 4TTP

1 ¢t 3% dere

742.5ng/5047 M13 or herring sperm DNA

25.8ng/50ut biotin-primer

C.5 units DNA polymerase I, Klenow fragment.

The reaction mixes were incubated at 37°C for 60' and terminated by
precipitation and washing.

Precipitation was carried out by addition of 5M ammonium acetate,
calf thymus DNA as carrier and ethanol. Pellets collected by
centrifugation were washed with 70% ethanol until washings contained less
than 500 cpm.

Washed pellets were then dissolved in binding buffer consisting of
200mM NaCl, 10mM Tris pH 7.5, ImM EDTA and applied to a column of
streptavidin-agarose. Columns were washed with several volumes of buffer
and counts bound to streptavidin agarose (SA) were measured, with the
following results:

Target cpm bound to SA

Mi3 11,939

Herring Sperm 83

The results demonstrate that only primers extended in the presence of



sequence | evel . The detection of a single or nore base changes can
"be aut omat ed. The nmet hod can be adapted to | arge scal e screening
for single (or nore) nucl eoti de changes. This is particularly inportant
in screening for genetic di seases such as cystic fibrosis but can al so be
adapted to the differentiation of alleles not necessarily involved in

gene expression such as used for DNA profiling. This particul ar
met hod does nwo goreaEsve solid-1iquid hybridisation, pr e RCIZAVIOPODSS
hybri di sati on conditions and is not technically denmandi ng. O her systens,

such as Southern bl ot hybridisation, require that the target

pol ynucl eoti de sequence is linked to a solid support (technically
demandi ng) and/or the use of oligonucl eotisde probes that require precise
hybri di sati on e re not
easi |y adapt ed%?%g% tgr‘?gﬁaség ?ggf%g 1?%@@-@6‘\%&@@1@% : iy 0 Bri ef
Descri ption of © ‘%ﬂnngs Preferred enbodi nents of the invention are.
now described with reference tolndustrial Peplisgildinvwi ngs in which

Figure 1 is a SChenﬁTeirﬁ‘etlﬁUdadﬁi ftg DivestitRichode freadi et @@t inntheaf@p@GhHY | C

pol ynucl eoti de ; E@ Figure 2a is a schematic drawi ng of a
Separati on el erent ”%ma PSR PO HRIEEh r BB BRI 1 on o
an extended priner; infectiopmp g’u?eés%°f §“'¥5P"§ch@|%&sl H’doﬁ‘a\h‘ﬁsng of a method

for detecting a spewifitbe spgpdficnuebabteddargegoeecd: tersiongofa besepehaagesoim
el ement which links tofyfgic aett aRdedePOpirttu IRy an WxteeBd@bnsA BBk
- defects and DNA fingerprinting;
¢) kits for use with the above applications; and
d) automated eguipment for use with the above applications.



VO 90/ 09455 PCT/ AU90/ 00058
-27- Fi gure 3a |s a schematic dravm ng of a method for detecting a

nucl eoti de or base chahi ¢ ation el ement which links to the
ol i gonucl eoti de pri ner ext ended pri ner; Figure 3b is
a schematic draw ng of etecting a nucl eoti de or base change

usi Ng a separ &0 sprorisenent whi ch links to the ext ended ppcC1/iaUgs/eobssan

ext ended pri ner; Figure 3c is a scheratic drawi ng of a nmethod for
detecting a nucleotide or base change using a detectable € enent linked to
the, extended portion-of an extended pricoeINS Figure 4 shows an

aut or adi ogr aph used to verify the size of the ext ended ollgonucleotlde
producedlnthethlrdear@e otf e_invention re 5is

schemati c depi ction of %g gg(g& 5° oq‘c‘c;ngl,;‘gtﬁém?lc °lynu8%1ee°to)% (FU5EE hods
of the invention. est Nbde and 'O her Nbdes of Carrying out the

I nventi on a) Thereeapesimgurs=ispetitaiyl ptef enr ed igpphcLadtiions pfinthe
met hods of t he i nvent Paying ha%equs?nc gomphemeitas bftW)rPae“F <af $Paej fResific

nucl eot i-de sequence (ﬁgffb’?“?ﬁgﬁ‘&e@) eotlﬁ r%;ﬁ@ §er:@ i"?ﬁ’ét

detection of a nucleoti QteriQal chan e (ma or app‘Tlcatlons genetrc

di seases and DNA fingerprinting) (iii) the detection of nulti pI e specific
nucl eotide  séguences estagiioif peisat oaptute tbeepolwsclenfipde sequence
application: nultiple vhereis poysxfpriasseaiveanin(Pgys defetedtorlefelenrrs pl e
nucl eotide or base ch8hgeSSPATATIEAEATSHGI ynucl eoti de sequences (maj or

applications: yltiple s.gonaling dhyeasesadd b f INgerPrd Rtk DE) -wiarsingl e
apparatus (with'mnor  sepdi freéticiNSdodss sati tblee ddtedta@ldl tdleabht not

appl i cations. 1 inlatdecit uonsajrfd axspeedf pmm&l godi de sequence
Referring to F| gure 1, ggget hod for etecting a po ynucl eotide

sequence first |nvoI ves (:P %@EF Y E‘E ﬁég%‘jﬁ@% e A S en

conpl enentary to the tapgéheUnLRES Do SBRUICHE Ben 1 Sy RN A My 18N T N

of the priner depends onndhedieagiftné prhsermestt thasglevedisenuenteieotide
seguence in said material and the absence of said
extended primer in said fraction is indicative of the
absence of the specific polynucleotide sequence in saig
naterial.

2. A method for Getecting a specific polynucleoctide seguence
in - a material comprising:

a) exposing said material to an oligonucleotide primer
having a seguence complementary to part of said specific
polynucleotide sequence wherein said primer binds to part
of said polynucleotide seguence when present in said
material;

b) extending primer bound to the polynucleotide seguence
wherein any extended primer includes a detectable element
and a separation element;

c) separating detectable element not included in said
extended primer from any extended primer wherein any
extended primer is separated into a fraction; ang

« d) determining whether any extended primer is present in
said fraction by assaying said fraction for said
detectable element wherein the presence of said
detectable element is indicative of the presence of the
specific polynucleotide seguence in said material and
the absence of said detectable element in said fraction
is indicative of the absence o©of the specific
polynuclectide sequence in said material.
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Jn the pol ynucl eotlde sequence to be detected up to a maxi numlength of 30

nucl eot i des. his $heet | acgk i nBr is preferably attached to an inert
solid support, usi of Ashl ey and MacDonal d (1984). Any inert
support particle t DNA nol ecul es can be attached can be

used, for I nstance cellulose or nylon. The pol ynucl eoti de sequence to be
detected is to the support - spegjfic priner conj i t he
presence of a% %@?ﬁ?l on t hat pronot es r%i'd hybri di sati oﬁgﬁzﬁe%g ;B he
specific prinmer and WO 90/ 09455

PCT/ AU90/ 000583. A method for detecting at least two difP@rentt hpecific
pol ynucl eot i de sequencé’°1®ﬁéch%§¥rlég z ueneef i BAtehitlala¥ing B R usaditym
chloride, 0.015M sodi urifcPtF 58 Hn 8 BRSPS eIy FERR ISP SPPBUTINY * The

support is thep washed.exposing Hagachpiweeiof washhpg fuslkero @et ar rENGS .t he
stringency cond| tions. Aigshatikairdabuf fpelimézs 148xeM sodf umsahd or kdereddrM

sodiumcitrate and Zomllsedu@lﬁ has phraitme V’#ng a Sequenca’rrew@ emerﬁ'qa(ry .
prinmer is extended usi es ) ald T merslcf?

reverse transcriptase i %c > glt? gsqg[‘: > g§ ifggﬁi
one of which is |abell nra &%@htv |n€htt|e@1al each of said

oligonucleotide prlmers binding to part of a different
specific polynuclectide sequence to the other of said
oligonucleotide primer(s);

b} extending said different oligonucleotide primers bound
to their different specific polynucleotide seguences
wherein any extended primer includes a detectable element
or a separation element;

<) separating any extended primers intc at least one
fraction wherein said fraction(s) does not have
detectable element not incliuded in said extended
primer (s); and

d) determining whether any extended primers are presant in
said fraction(s) by assaying said fraction(s) for at
least one of said extended primers wherein the presence
of said extended primer(s) is indicative of the presence
of at least one of the different specific polynucleotide
sequences in said material and the absence of said
extended primer{s) in said fraction(s) is indicative of:
the absence of at least one different specific
polynucleotide sequence in said material.

4. A method for detecting at least two different specific
polynucleotide sequences in material having a plurality
of different polynucleotide seguences comprising:

a) exposing said material to at 1least two different
oligonucleotide primers <@each of said different
oligonucleotide primers having a seguence complementary
to part of one of said different specific polynucleotide
seguences wherein each of said primers binds to its
complementary polynucleotide seguence when present in
said material each of said oligonucleotide primers
binding to part of a different specific polynucleotide
sequence to that of the other oligonucleotide primers;
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or with a fl uérés_(':méri't_mlﬂébel The length of extension depends upon the tine

and tenperatu maon'freact lon providing all chemcals are in
non-I imting c Generally the reaction is carried out at
37[err]C for 3 the | abel is 32[err]. The | evel of
I ncorporation of |abe nucl eotide i nto“t he extended prinmer is measured
by l'iquid SC|nt|IIat|on mhen the | abel is4332[err]. ively
the | abel carV®&894FF yorescent | abel . Fol | owi ng pr F%ﬁ%@%l on the
m xture is washed and assayed for presence of the | abel. The

presence of | ahel aftere:dthadinq\aslalwasnfﬁmmcabbsgctmaﬂetbtueieprplrmers hasneen
extended, and that, théCetbed; cORRleRfEery B ﬁhg%"e‘ fr €8 BRBIRIEF sWhaseEilfg
assayed is present. Thé‘“%g?ﬁ?rid@d?ﬁ (’:ﬁﬁl‘&‘ﬂs apdeEAtaRtR £ AFEPRY a"(dhé
nucleic acid to which it 'S conp ry asterrplate In summary
this nethod i ol ves tr@paeéfknw n@eﬁatoeasle element hAoBYNhkesd& Ofina said
specific priner conpl emeaqieyd troipars Gfomgakpnoextended prprersawbéene kneuw
nucl ei ¢’ aci d sequence, ¥Fen§eq gerimers arei [EPAFRERRhnERtoofata daptlur One
(Configuration A - Fi gfF8555 0 et ect or (Configuration B - Figure
2b) molecul e tg the 5 RrdrRinftBewsdPaEr! by extende®@ drTRers are préféht in
hybri di sati on, in sol utdadg, £fedctibinss spacidsisey plig nevidt erddieicdngsgetfor said
nucl ei ¢ acid sequence dezeczagiwe ath:helf;lt(o?) t ¥heheimolkei (Prreéénit%eo;fomald
deoxyri bonuel eot | des affteCitls o FIPTL) U8, SEHETOLIE TN ERET R ol
the target is DNA) or & ces in sa ﬁ 1 bqgget
is RNA) under conditionSement(s) $Hid ab&&ifcﬁar(st; hﬂ; aaay&w&ﬂv@ @ﬁtt@asamr@fe t he
specific priner. One af at leagdreor®f Hhefadeoryrsipariddéteqidigeschaside
coval ently attached to sequance in sayetmageviakml ecul e (Configuration A) or a
capture nol ecul e

5. A method for detecting whether a specific nucleotide or
base is at =a particular position in a specific
polynucleotide seguence in material comprising:

a) exposing said material to an oligonuclectide primer
having a segquence complementary to part of the specific
polynucleoctide sequence wherein said primer binds to part
of said specific polynucleotide seguence in said material
.immediately adjacent to the particular position;

b) extending primer bound to the specific polynucleotide-
seguence with the proviso that the bound primer is only
extended up to and including said specific nucleotide or
base when said specific nucleotide or base is at the
particular position in the specific polynucleotide
sequence vwherein the extended primer has a detectable
element and/or a separation element at a position
complementary to said specific nucleotide or base;

c) separating any extended primer into a fraction wherein
saild fraction .does not have detectable element not
included in said extended primer; and

d) determining whether any extended primer is present in
said fraction by assaying said fraction for said extended
primer wherein the presence of said extended primer
indicates that the specific nucleotide or base is at the
particular position in +the specific polynucleotide
sequence and the absence of said extended primer
indicates that the specific nuclectide or base is not at
the particular position in the specific polynucleotide
seguence,
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. WD 90/ 09455 PCT/ AU90/ 00058
-'29- (Confi-guration B) t he pol ynerase enzyne extends the
prinmer using the target nucleic acid as a tenplate and
si mul t aneously incorporates either a detector or a capture nol ecul e
into the extended primer t he reac#n can be heat denatured and the
cycl e repeate i fy the ano of extended sp r
for Confi guraﬁ%ﬁ”@% he specific affinity nol ecule (attacEa‘(ff'ﬁlug“fg({ogére
solid support) is added to the solution under conditions conducive to
t he bi nding of éthe capt &r aefepdcifte ‘%QSEFHH‘ tf‘FE E‘P‘hﬁ“f’! %I%LFI ent

for Configuration B, thép%ggtf:e‘ﬁq%‘gfiéﬁét‘??ﬁ cii‘;i‘;gz
with ethanol, washed tog &Jma\é%suahnf;@{mraq Q 9!9 J.fferent

capture nol ecul e conpl egsglﬁcfﬂca@ov\@&éqlsague;t&b& ex:h;ﬁﬂdedgspem fi | c
primer is resuspended-in a solution conducive to the binding of the
capture nol eculzé to t heesmllnﬂl csafd | ARt ’—’Jn?dl eé‘ﬁll ét Theagpedipj cdifferent

affinity nol ecul e (attaE é‘?fnucl ﬁ % g%)&(ﬁfé@ompdlfggigﬁ‘ée
the extended specific pEb rt! 8f a& $fic polyné&?éd%1g§
nol ecul e-sol id support egegpdresVivaetfen cazpctturcef rB?HlGCLﬂrﬁmei‘QEblnds toMi¥si S’
washed extensively undepomlglmestann ueé;mﬂltdleoﬁsquence wigh tipesent in
concl usi on of the vvashl texipd tn? élﬁl 3<EA “%tle“ldeuc ‘q&g
appropriate for det ectl &’?&8&2@ Ihg& s ) s;,f;%?(gyltc r@lioeach

nucl eotide or base changg said priférs NBIH¥Rd doVidlsVeSonp aqu,\mg;gaca eps:
the synthesis of a specpblynpniieneide osgaiuement any staddpauateﬁian Kivoadiately

or partly known nucl ei ca2dg3ekndegacte par heculargeesitipe) specific

B ) extending said different oligonucleotide primers bound
to their complementary polynucleotide seguences with the
proviso that each of the bound primers is only extended
up to and including the particular position when said
specific nucleotide or base is at the particular position
in the specific nucleotide sequence wherein each of said
extended primers has a detectable element and/for a
separation element at a position complementary to said
specific nucleotide or base;

c) separating any extended primer({s) which has extended only
up to a specific nvcleotide “"or base at a particular
position into at least one fraction wherein said fraction-
does not have detectable element not included in szid
extended primer; and

4a) determining whether at least one extended primer is
present in said fraction(s) by assaying saiqd fraction(s)
for said extended primer(s) wherein the presence of an
extended primer indicates that a specific nucleotide or
base is at a particular position in a specific
polynucleotide seguence and the absence of said extended
primer(s) in a fraction{s) indicates that at least one
specific nucleotide or base is not at a particular
position in at least one different specific
polynucleotide seguence.
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primer sequencepisxh&PHR! tary to the target sequence either

I mredi atel y adj a he I ncl udi ng the single nucleotide or
base to be det ecgm"ilﬂ& l ‘ diately adjacent to the single
nucl eoti de or ba ted but having an interveni ng sequence

bet ween the bound prinmer and the nucl eotide or base to be detected

t he attachmeniwodereasgapt ure (Configurati®©h A - Figure 3a) rIT/Aiasomoessr
(Configuration B - Figure 3b) nolecule to the 5° end of the specific
primer. For Configuration G (Fi QY §.38¢inlCiidi8kr LYES. Ofucleot

et ect or mol ecll e ar e aﬁatsggﬁegl ta the ;ﬁé‘gia‘uilerﬁrrﬂdé%%&n e SeBthiric
the hybridisation, in sglyhiholgotdliet beguedpecid imatprialecompridind:ar get

nucl eic acid se)quence . the ?ddition, to the solution (if only one type
. S : a : e ¢ ori

of i deoxyrino®) T FREEAREi S8 So RORLLIGG BIATIER 2eRRC SEi3me

one whi ch-can pair polynucleotitde &éé) wherein said primer binds to part

PCT/ AU90/ 00058 of said specific polynucleotide sequence J0r said mate®ial
hydrogen bond with the reaseimofediatébot bdiideptbacdatrected-digull e position
target .sequence and ei tWheFeay DRM@SI% ,@}“d@htlwvggwngﬂ bFﬁ‘ée":::l‘g?;z
target is DNA) or a Mﬁégé@@idﬁgeg@n@%r% i PPURS £3r §8e ©#8

b} extending bound primer with the proviso that the bound
primer is only extended up to and including said specific
nucleotide or base when said specific nucleotide or base
is at the particular ©position in the specific
polynucleotide sequence wherein the extended primer has
a detectable element and/or a separation eléement at a
position ‘complementary to said specific nucleotide or
base with the proviso that the intervening sequence
cannot be one where bases or nucleotides complementary
to the intervening seguence and which are incorporated
into the extended primer cause incorporation of an
interfering detectable and/or separation element;

c) separating any extended primer which has extended only
up to a specific nucleotide or base at a particular
position into a fraction wherein said fraction does not
have detectable element not included in said extended
primer; and

da) determining whether any extended primer is present in
said fraction by assaying said fraction for said extended
primer wherein the presence of said extended primer
indicates that the specific nucleotide or base is at the
particular position in the specific polynucleotide
seguence and the absence of said extended primer
indicates that the specific nucleotide or base is not at
the particular position in the specific polynucleotide
seguence.

8. A method for detecting whether the same or different
specific nucleotides or bases are at particular positions
in at least two different specific polynucleotide
seguences in material having a plurality of gdifferent
polynuclectide seguences comprising:

a) exposing said material to at least two different
oligonucleotide primers each of said different
oligonucleotide primers having a seguence complementary
to part of one of said different specific polynucleotide
seguences wherein each of said primers binds to its

L
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.RNA) under conditions suitable for the enzymatic extension of the

specific prinmer. The di deoxyribonucl eoti de (or deoxyri bo-
nucl eoti de) has covalently attached to it a detector nolecule

(Configuration A and C) or a capture nolecule (Configuration B) t he
pol ynerase enzyne:ext-ends the prinmer usi ng the target nucleic acid
as a tenpl at g, onI y one nol ecul e of fhe di deoxyr i bOpcrsauceso00ss
nucl eoti de (oré’lg‘goxyrl bonucl eotide) if base pairing is pogg GI e. ooo|5q

specific prinmer is notcexpratedairy baspwpaestig heiqeesste t het immediately
di deoxyri bonucl eoti de @8jackytxy PI mwr@mm pasitk ichewheredpert there is an
sequence i s not possi bPBteW G %rﬂe’: E‘F’?ittl"’ﬁnp t&ﬁ’dlﬁ) PgFifglon and
Capture. (Confi gut ati onPBYRRHPERTH 56 the aris: BT At e
denatured and the Cyclgrm&mt naspn@rr&ol Mart of edi?ﬂ”ﬁékl@ ¢ Of sfxtiepdled
specific prinmer pbbymCarot fidie afeigonnds ttohemsq)exfl the cﬂ:fhfetnpzt:ynelmlsepul e
(attached to a solid_ support) is added to the soI utlon under
condi ti ons corfdfdci ve tg"tigiiggclfﬁédetﬁen 17 "Bf" i erLBeFEEﬁﬂ beynd he
specific affinity mol efLE of 5 he S q‘i e;;%a% FeR hoel”sd

and
specific primer is preghplLidiRd the partw;mmet Aok onvxarsae 4@ TN e;c
uni ncor por at ed di deoxynibbbertide or bavechectt Gteecxaap:ttucelamlp@(sultsorcamsptm( (or

deoxyri bonucl eot i de- caﬁPa‘belc “001?ﬁ‘}llé€ulﬂ*‘éq@6 er%’t ereaghs sa%ﬁhe
exteed Spect )¢ br nEETEES e gy e RO S e o
the binding of the cap g Eitic nucl o@ b8s 90@13 ¥ the

mol ecul e. The specifi Claéé:l-xmrhyzg sequen net(aabt %bed wherd S@éésﬁ
support) is then addednucleotldhercwm‘q oty mwstAeamdtﬁveomne $dm:eexz:éended
specific primer is and dcRed ﬂbcctlli’@rg Pt it Eﬁ‘%’/’dﬁﬁlﬁ@me@i%bl id
support the conpl ex g:g:;@@;‘f?ﬁiﬁé@?’g 2 nﬁFEﬁﬁeéln?h §bd e ZOA4TF
extensi vely under hig |ngency condi tions for

Confi gurati on & and B sapa:t-ahﬁr@oaﬁjv Usttaihded pligmewashidlg hakepxtédtRa only

m x i s assayed using awpr @oe@urﬂeap fopniceetidr okt batdd mr tdieparticular

det ector nol ecul e posiy P uraé'tlb?PsG PR rf@actign Mherely | sadkd
onto a | ane of an fra § ‘% F§h§‘if@b 8Ie18F‘e§E|“f°§b]Ir€lUdEd
conposi tion, electrop oresed. reso ‘'ve the extended specific

pri mer-det ect an daﬁém:m.egcmrex sl ebdcBanddd/ passaye@d rdSpresent in

procedure appropriate said fraction(s) by assaying said fraction(s) for said
extended primer{s)s wherein the presence of an extended
primer(s) indicates that at least one specific nucleotide"
or base is at a particular position in a specific
polynucleotide seguence and the absence of said extended
primer(s} in a fraction indicates that at least one
specific nucleotide or base 1is not at particular
positions in at least one @different specific
polynucleotide seguence.

9. The method of claim 1 wherein said extending comprises
using at least one nucleotide selected from the group
consisting of dATP, 4dCTP, 4GTP, ATTP, 4UTP, dITP, 4A4ATP,
ddCTP, ddGTP, 4dITP and 44aTTP.

10. The method of claim 2 wherein said extending comprises
using at least one nucleotide selected from the group
consisting of 4ATP, 4CTP, 4GTP, 4TTP, 4AUTP, QITP, A4ATP,
ddCTP, d4dGTP, d4ITP and ddTTP.

Sheet Has Been R laced
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WO 90/ 09455 PCT/ AU90/ 00058

- 31- for detecting the detector nolecule. Labelled size standards
are normal Iy included in another |ane of the gel. 3. Detection of
Mul ti pl e Specific Nucleotide Sequences using Different Capture

Mol ecules. ie Multiple Infectious Di seases This nethod involves the

foll owi ng st eRien/e94s the synthesis of 4ful tiple differepcrplintlobiss .
prinmers each of which'is conpl ementary to a different known nucleic
aci d sequence, the tar the attachnent of different capture

ets
mol ecul es to tHe 5' eng“k?f mehpod of clayp ¥ athenein Fadics pstendimsr somprises t he
hybri di sation, In sol utﬁi@;@?s?fn; :@Fffggﬁ? eggg‘?g@&gﬁ@c{‘ he Jroup
(with attached di fferergdcqsaﬁ' sHcpoAEGH esd ddarblie different targe !
nucl eic acid sequences to ich the different specific primers are
conpl enentary 12. tmxeadldtgwl)rvft glehe ssobarem ofidt hetéxa%ijmg ga;:prises
deoxyribonucl eoti des affing at lgqshopegn én? %‘g@& Ber P f
the targets are all DN@ﬁ,g,f,;StgggT;Srd B en ; gfyﬁﬁ‘gse‘i‘iwf"'the
targets. are all RNA) or ‘ Cbot’h polynerases (if the targets are a _
m xture of botis.DNA andhleNApthod of cliatierl cbedein onddsektaddiggf abmpligses
enzymati c extensi on of Ltsﬁe‘?s?e‘i Mi:(fiergntdﬂucéﬁﬁﬁﬁ Fé¢ledteder ¢heigroup
primers are hybridi sed %@‘SFES jyfs: f AN a?§r'ggﬁ;‘§gnfi§?§ﬂ ERTFetdIflec| 2 Paci d
sequence. One or nore o é ) o

14. The method of claim 2 wherein said extending comprises
using four different nucleotides selected from the group

consisting of dATP, d4dCTP, dGTP, 4TTP, GUTP, AITP, ddATP,
ddCTP, d4GTP, ddITP and 4dTTP.

15. The method of claim 3 wherein said extending comprises
using four different nucleotides selected from the group
consisting of 4ATP, 4CTP, A4GTP, 4ATTP, QUTP, 4ITP, d4ATP,
ddCTP, ddeTP, dAITP and d4dTTP.

i6. The method of claim 4 wherein said extending comprises
using four different nucleotides selected from the group
consisting of dATP, dcTP, 4GTP, 4TTP, 4UTP, dITP, 4AdATP,
ddCTP, adGTP, 4dITP and AdTTP.

17. The method of claim 5 wherein said extending comprises
using one nucleotide selected from the group consisting’
of 4ATP, d4CTP, dGTP, d4TTP, 4AUTP, 4ITP, 4dITP, JddATP,
adCTP, G4dGTP and d4aTTP. N

1g. The method of claim 5 wherein said extending comprises
using one nucleotide selected from the group consisting
of d4ITP, d4ddATP, 4dCTP, ddGTP and 4AQTTP.

1i9. The method of claim 6 wherein said extending comprises
using at least one nucleotide selected from the group
consisting of dATP, 4ACTP, 4GTP, 4TTP, dUTP, JdITP, ddATP,
ddCTP, d4GTP, ddITP and 4dd4dTTP.

20. The method of claim 6 wherein said extending comprises
using at least one nucleotide selected from the group
consisting of d4dATP, d4CTP, ddGTP, daITP and 44TTP.

21. The method of claim 7 wherein said extending comprises

using one nucleotide selected from the group consisting

. of dATP, 4CTP, d4GTP, d4dTTP, dUTP, d4ITP, d44ITP, Q&dAaTP,
ddacTP, da&GTP and d4TTP.
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deoxyri bonucl eoti des has covalently attached to it a detector nol ecule
t he pol ynerase enzyne(s) extends the different specific prinmer using
the different target nucleic acid sequences as a tenplates and

si mul t aneously incorporates a detector nolecule into the extended

prinmers : the reaction can be heat denatured and the cycle repeated to
anplify t he anobunt of different %tended specific prinmers
different speeobéressss finity nol ecul es ( i ch have specifi CCMWWW

for the dlfferent respectlve C | ecul es and are attached

soli d support£%uch as Eﬁ%f %ptaég i Jé{?j!;% BT Sor e ’%E?’gf;’m@n

condi ti ons conduci ve tgo bf\gmq. r@re@fﬂca i € Jrebe AQ'p

to their different speaitre, ai‘ irR| tae 1wl eFdllaTTP. once the different
extended specific pri mrargs are attgched to tfhEI r ot 2szpem fic aifll ni gy
nol ecul e-sol i #3suppor t TEEeRR®LEsoVi2qYt Aee Aff F ° vieefigy at leas
mol ecul es, each differ &Rf Lorfi-Ex™) a‘g\letpér‘rﬁ%%dlﬁs §GARPYe €tementhith the .

appropriate test stripopi g rdbseumNbhy dfscy\@ﬁ%ed to 22 whé&Xdi@nat igla¥t
under high stringency emadétisis nucleotides ha¥ls 9¥33455on element.

PCT/ AU90/ 000582

5. The method of any one of claims 9 to 22 wherein at least
one of said nucleoctides has separation and detectable
elements.

26. The method of any one of claims 1 to 8 wherein the

oligonucleotide primer incorporates a detectable element.

27. The method of any one of claims 1 to 8 wherein the
oligonuclectide primer incorporates a separation element.

28. The methed of any one of claims 1 to 8 wherein the
oligonucleotide ©primer incorporates detectable and
separation elements.

29. The method of any one of claims 1 to 8 wherein any
extended primer includes a separation element and sa
separating step comprises: contacting any extended prlmev
with a molecule having affinity for +the separation
element, said molecule being linked to a support that
_facilitates said separating; and separating said
contacted extended primeri{s} To provide said fraction.

30. The method of any one of claims ) to 8 wherein any
extended primer includes a separation element and said
separating step comprises: contacting any extended primer
with a molecule having affinity for the separation
element; and separating said contacted extended primer(s)
to provide said fraction wherein said separation element
and said molecule are selected from the group listed as
follows:

\\l\\\\\ \\\\\\ \\\Eﬂ
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at the conclusion of the washing step, one of the test strips is
assayed for the presence of detector nolecul e using a procedure
appropriate for the particular detector nolecule. If the assay

i ndicates that the detector nolecule is present on the test strip
then this is indicative that the -specific nucl eotide sequence
targeted by t{gop/phd&®r having that parti&sl ar detectabl e FErEqIsbRodsE
present in the test sanple. |f the assay indicates that no detector
nol ecule is present on the test strip then this is_indicative that
t he specific nucle 2 Lar get ed by HEPr Frtif TR L y_ for
particul ar detectable nolecule is not -present™~T1 the rieafamg%ﬁpl e t he
procedure of the | ast sd edgesargpeahech for eacheabptdie drstnstyigass; 4.
Detection of a nultipl ethaxel @ota deceptdrase changes in different

pol ynucl eoti de sequences. ie nultiple genetic defects_ or ‘di seases or
geneti c- fi nger B nti ng @ TCEPH¥t’'hod i nvol ves tife B \icHgtRe epfgeptor;

the synthesis pfy a nul tiplaaedidf.erent specifig, Q_;,Egrggdg, %thp;amggp;

is conplenentary to a different known nucleic acid sequence, the

targets. The (B ferentarspatibédy forner sequerteesnbigerconpl enentary

to their respective differefPtt¥get sequences inmedi ately adjacent

to the single Fé\,se to bg, Q(;;Eggégeé%?p%ﬁe t he aaﬁFaCQH‘E@Bo%E, different

capture nolecules to the 5 agf arftiifi b €68/H S RREI Hddy ; Pri ers
the hybridization, in solution, of these different specific priners

to their diffef®nt respeceRebedy der #ucl ei c aciedtsktiraypés antibodyt he
addition of the sol uti GH'OFIAPIYRGURIEIRRSY  of L §R®:AGIBELY

nucl eoti de (eg(g)ddATR Q%QEE’enﬂQ@BupddTTp) apgd %%gé%?f%e haptenic

dependent DNA pol ymerase (if all the targets Aol

dependent DNA polynerase (if all the targets are RNA) or both (if the
targets are a fiXture Gi* BotRPBNATande RNA) uriher hapyrtiitci gnsusui t abl e

for the enzymatic extem@AP5A™oF FIREPdi fferent specific primers. Each

di deoxyri bonuc}lgotide hasepoypdently attached, t g, id;y digr{]i%rigg% for the
det ector nol ecul e. t he pol ynerase enzyémygg;gﬁs the different
specific prinmers using . .. the different target nucleic acid sequences
as tenpl ates atithing only binding ighédietrecul e e eneywsf- the

di deoxyri bonucl eot i des *°F 30 enzyme;

31. The method of any one of claims 1 to § wherein any’
extended primer includes a separation element and saig
separating step comprises: contacting any extended primer
with a molecule having affinity for the separation
element, said molecule being linked to a support that
facilitates said separating; and separating said
contacted extended primer(s)} to provide said fraction

wherein said separation element and said molecule are
selected from the group listed as follows:
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the reaction can be heat denatured and the cycle repeated to anplify

t he anbunts of extended different specific priners WO 90/ 09455
PCT/ AU90/ 00058 - 33- t he
specific affinity nolecules (with specific affinity for the

di fferent réspective capture nol ecul es and are attached to solid

supports such_as st strips") are addedsgo the solution H:ng
condi tions coWMfo\sl to the binding of the different capt Abso/000ss

nol ecul es to the different specific affinity nol ecules once the

di fferent extended %gg{id‘n BhieRBAS are attacmotuget heiing AffinSBECESE C
affinity nol ecul e-solid support conpl exes Vi ent capt ure
nol ecul es, each different_conplex is renoved i nd| vi.d Q’ with the
appropriate teststrip ”guég’gcﬁﬁc%@ny |s ?‘?;Si dflc reécepEQT oty \FEFy
under high stringency cg f; at the conél usion of the washing
step, one of the test strips |s assayed for the presence of detector
nol ecul e usi ng (&) procedarsrecific regypropri at etheor lidmndarker char spetétior
mol ecul e. If the assay i ndi cat es 't hat f?f‘eeﬂi’réfect or nolecule is
present on the test str . then this is, t speC|f|c
nucl eoti de sequﬁ LR al}tzi‘rgeet ed by the prt aﬁ%ggi@g t%%ypgo% I cul ar

det ect abl e nDIecuIe S
(4 a specific antibody the antigen;
for an antigen; :

{e) an antiidiotypic a specific antibody for the

antibody antiidiotypic antibody;
{(£) an antibody for an - an antiidiotypic antibody

antiidiotypic antibody; specific for the antibody

(g) a haptenic group; a specific antibody for the
haptenic group;

(h) a specific antibedy the haptenic group
for a haptenic group;

(i) an enzyme; a tight binding inhibitor for
the enzvme; and

{3) a tight binding the enzyme.
inhibitor for an enzyme;

32. The method of any one of claims 1 to 8 wherein the
specific polynucleotide seguence(s) is a DNA seguence.

33. The method of any one of claims 1 to 8 wherein the
specific polynucleotide sequence(s) is an RNA sequence.

34. The method of any one of claims 1 to 4 wherein the
specific polynucleotide sequence(s} is from an infectious
or disease causing organism.

35. A kit for detecting a specific polynucleoctide seguence
in a material comprising:

a) an oligonucleotide primer having a sequence complementary
to part of said specific polynucleotide sequence;

b) polymerase enzyme for extending the oligonucleotide
primer; -
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present in the test sanple. If the assay indicates that no detector

nol ecule is present on the test strip then this is indicative that

t he specific nucl eotide sequence targeted by the priner having that
particul ar detectable nolecule is not present in the test sanple t he
procedure of the last step is repeated fosteach of the test strr

Appar at us for Wo0/0455g out Met hods of the Invention B’P??Q to
Fig. 5 apparatus 100 is general ly suitable for carrying out the nmet hods of
the invention accorgi ngat 0 I@BtaUbNANuEl st idet ORBldctedpr ERHURS. Theup

ext endi ng and separ atrotmg? &ty rodsdATHe APTRC @GP ¢ [TAP , rddImBY adl TP r 8aRTRY 10
which is disposed withi ¥SHpp8ftTRe84ETP £PC WEFE| 219 s tenperature

control I ed by therg- COthre@eceQbi@%Kete,J@ ana_%:;r Cs%teg'tlsonotelexteﬁcmtcﬂoi@re
m xed by shaking vessel ogtli dasi g athakesa 13 e1bpsRcObot IRABE Ofierl Brhase
specific porosity rrenbr@;neno}:é sfipper bedidprigesbr ane support 15 Reactor 10
IS suppbrted in vessel support for renovabl e reacto

Sanpl e materiaP® priner s}‘nuc €< trf‘cﬁ ﬁ gﬁ?s% @Fglaqgﬁ EQ tsﬁ ﬁzfctor
10 from,their respectivge del%sfg Ol Cair; LOEL e 2RRG Y
extension are permtted to occur for an approprr ate peri od under gentle '
m xi ng and fixed tenperat eastorwb tdidhsrenthb3igemcl ponider paiesrsan exkerided
primer having a detect apf esadberehteranbia sidgar at$ I Er e EGTP L prOVIaTY - hrrt

sanpl e has a specific pdtyifcPEotdideSBY éﬁcB"]f’B’r”c\?\ﬁ?"cWet RESPTIREF has a
WO 90/ 09455 b} a polymerase enzyme(s) for extending thECTa/l/:\EJQPéxOcOO%

oligonuclectide primers;

c) at least one nuclectide selected from the group
consisting of &@ATP, 4CTP, d4dGTP, 4dTTP, 4UTP, 4ITP, AdATP,
ddCcTP, dd4GTP, ddITP and ddTTP; and

d) a detectable element and/or separation element
which is optionally attached to the oligonucleotide
primers or onz cr more of the nucleotides.

37. A kit for detecting whether a specific nucleotide or bass
is at a particular position in & specific polynuclectide
seguence in 2 material comprising:

a} an oligonucleotide primer having a seguence complementary
to part of the specific polynucleotide seguence wherein
said primer binds to part of said specific polynucleotide
seguence immediately adjacent to the particular position;

b) a polymerase enzyme for extending the oligonucleotide
primer;

c) one nucleotide selected from the group consisting of
dATP, 4CTP, &GTP, 4TTP, 4dUTP, 4AITP, A&dITP, ddATP, dd4dCTP,
ddGTP and 4dTTP with the proviso that said nucleotide is
selected whereby bound primer is only extended up to and
including said specific nucleotide or base when said
specific nucleotide or base is at the particular position
in the specific polynucleotide seguence; and
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-34- sequence conplenentary to part of the specific polynucleotide
.Sequence. Subsequently specific affinity nolecul e(s) (SAMYS))
attached to an inert support for the separation elenent are added to
reactor 10 from SAM supply vessel 19 and allowed to react with extended
prinmer for ‘an appropriate period. Unreacted-reagents, buffer and

unext ended pri rre”g@é are then renoved tob5®aste contai ner uum

| i ne 25, havi H'GJ Bei at ed vacuum punp 24, attached to the ase o support
vessel 11 whilst extended priner(s) havi ng attached SAM'S) are retained in
reactor 10 by menbfhne 213etati@bie; ai?itﬁi‘ Z%WE%)WI‘Eﬁésmaﬁ*e wesRby

with wash reagent supplef“ggfa@d% E % @Q ’@ﬁgrv ‘Egot;Qli eby
create the first fractiggBoidtid 1g5t;l&)e dhe gsgmfrg &ha/or
exam ned for the pr ESEBéﬁa:ﬁftldﬁt ecd Rddledt el esprabnauiyh detﬁ-.cdma 23to the

Typical ly, the detect abbéigwivwientids Péfl?“aﬂ-l oactive eI errent such as 32[err]
and detector 23 s a &g(.itll 311 0Q, £¢ L{b ther t he assay |nd| caées
that the detect’dr nol ec g Tis Prestits §fir eg al:% frpff IRV g%eﬁ@gs
speci fic nucl eoti de seqygncg: | s_eggeseﬂ,to | 83 e SHpes Jl

i ndi cates that no det ect-;eqmmieecuhemase:praaseﬂvmc; h&l‘lpld‘rlaﬂltﬁ bnda Cedereft
that the specific nucI e@ﬂﬂ@@@@@%@qqsems Cprnesmmgr n the test sanpl e.

Exanmple 1 n, t hi o] ct i on_.of spec
pol ynucl eot i de seq{len(z gggkggkft 5?7:,9;?% g°$\ iﬁeotl v?arsmﬁsﬁd for the
detection of the ‘si nglcgm§i€_r,@|9, 86y GRNQRYE CQNAne ag;;ea;rllfgghage ML3.
1. Synthesis of the syntyeidieopideresequences whearelﬂ lafech DA sl wrieatar y
to ML3 ssDNA was synt he$ines tonisn Jpplienentarg) selysAsopNg Seaneras »oen

material eac of said igonucleotide

The 17-nmer had the nucl 6?1"% s‘%‘géﬁé e part - dlffgent erecific
-T-GACCGGCAGC uence to T:}ﬂ Le Of '{Fﬁa" o'tﬁepoﬂr* lr s)
conpl ementary to M3 si taghe Shdranae de LA sad@ SOpridetBe PAcdET ital its
doubl e- stranded DNA pl aswng]enedCa2y speZ;xf;cApémmeltbt:@fe sheu@idareim said
cel | ul ose. material immediately adjacent to the particular position;
b} a polymerase enzyme(s) for extending +the different

oligonucleotide primers;

c) at least one nucleotide selected from the group
. consisting of dATP, 4&CTP, GGTP, 4ATTP, AUTP, AITF, ddlTPp,
ddAaTP, dd4dclTP, d'*GTP and 44TTP with the proviso that saia
nuvleotlde is selected whereby bound primer is only
extended up to and including said specific nucleotide or
base when said specific nucleotide or base is at the
particular positien in the specific polynucleotide
seguence; and

d) at least one detectable element and/or separation element
whereby each extended primer has a detectable element
and/or a separation element at a position complementary
to said specific nucleotide or base and a detectable
and/or separation element optionally attached to the
oligonucleotide primer. .

39. A kit for detecting whether a specific nucleotide or base
is at a particular position in a specific polynucleotide
segquence in a material comprising:

2) an oligonucleotide primer having a seguence complementary
to part of the specific polynucleotide seguence wherein
said primer binds to part of said specific polynucleotide
sequence not :.mmedlately adjacenu to the particular
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Jhe nethod of Ashley and MacDonal d (1984) was used to attach the pri mer
to ABM cel |l ul ose. The am no benzyl oxynet hyl (ABM groups on ABM cel |l ul ose
wer e diazotized to form di azobenzyl oxynet hyl -cel | ul ose (DBM cel | ul ose) .

The specific primer was attached to the DBM cel | ul ose. Appr oxi mately 40
[err]g of specific prinmer was bound to 2063y of cell ul ose. WO
90/ 09455 WO 90/09455 PEXZAU/HOF00058

Lol b zat] OBofle ROl PR f S MLESE A CELI 0SS wmh
target hucleic ac ae partic éb iﬁﬂﬁu a%%rxﬁ§f’§n@%&ge€g kBeds

contai ning the target npslpuriecttheiddhaendd3 ssDNA or pUC12 and water
This was m xed, boiled for 5 m nutes and quenched on ice. The m xture was
t hen washed by cent®) fugaPPbﬁ“%}?lsﬁgeazkf\ia%hf%ufef’@ﬁ“%ﬁ?ﬁprft@i i3 920w enddfiem
chl oride, 15nM sodi um cPEtAt and 20nM sodi um phosphate, pH 7.0 to renpve

nucleic acids that bhad gl hybiddtiiaedswhtbeddherrSR- ¢8| YLoSE: cénsistiRY T BET
ext ensi on The speahty C dpre nRIGTRASAEDH, caurr] asTmgdBhée paapoef aseTh,

(Kl enow fragment) toget HE¢TRvanH 4R wied thaderronspaiialt] edihusicéertidesis
The reaction conditionsSGepeEess"reyghygound primer is only extendedypp.to gnd:

S inc udlng sai c1f1 nucl ide se whenh said
Reaction M x specific nucl %Q_ or b eog gt ular position

in the specific polynucleotlde sequence with the proviso
that the intervening sequence cannot be one where bases
or nucleotides complementary to the intervening sequence
and which are incorporated into the extended primer cause
incorporation o©of an interfering detectable and/or
separation element; and

d) a detectable element and/or separation element whereby
extended primer has a detectable element and/or a
separation element at a position complementary to said
specific nucleotide or base and a detectable and/or
separation element optionally attached to the
cligonucleotide primer.

40. A xit for detecting whether the same or different
specific nucleotides or bases are at particular positions
in at least +two different specific polynucleotide
sequences in material having & plurality of different
polynucleotide seguences comprising:

a) at least two different oligonucleotide primers
each of said primers having a seguence
complementary to part of one of said specific
polynucleotide seguences wherein each of said primers
binds to its complementary polynucleotide seguence when
present in said material each of saigd oligonuclieotide
primers binding to part of a different specific
polynucleotide sequence to that of the other primer(s)
and wherein each of sald primers binds to its
complementary specific polynucleotide seguence in said
material not immediately adjacent to the particular
position whereby there is an intervening sequence between
the particular position and primer bound to the specific
polynucleotide sequence;

b} a polymerase enzyme(s} for extending the different
ocligonucleotide primers;

c) at  least one nucleotide selected from the group
consisting of 4ATP, 4CTP, dGTP, dTTP, 4UTP, 4ITP, adITP,
ddATP, 44CTP, 4dGTP and 44TTP with the proviso that said
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8r11\/l‘ Magnesi um chl ori de 4mM di t hiothreitol

4mv sodi um pyr ophosphat e 1mM each dATP, dGTP
and dTTP 1d 32[err] dCTP

7 units DNA polynerase |, Klenow fragnent. It was found that the
addi tion of polyethylene gI ycol 6000 to a fi naI concentration of 4%

i ncreased the incorporation of radioactivity%up to three fold. The
reaction mix weSopssibated for 2 hrs at 20[err]C. AtPGTIAUBE0S8f t he

i ncubation, unincorpor gl edefMidL0id des) MeEE LESDMRA BYunteStUiRg-the on
SP-cel | ul ose four tinmes@¥néentubl td@gati Hriudbhey WaASAI sige IR Eefudrast 140 ta;&‘:’l
sodi um chl ori de, 15nmM sedeurhent saide spedi2inMMwddruitphosphetee,ispldt? tBe The
sanpl e was vortexed forPaIth?‘FﬂLﬁrl Bes¥96m té’hptépact : it;fiée@ve YF‘Pthfddat
12,0000 for 5 mnutes. cEHLSCTR LUUAST LT, Tt ot HOREEY, O
SP-cel | ul ose was added d0+Re Vi tlerGONiRY gé@‘gen%@sngh WHile@Nas

i ncorporation was deterﬂNtBedhblSéflgarﬂeBI gHimbryeh nt:abiatiz&rbr@eﬂﬂﬁﬁfn of a*:
Exanpl e 2 In thi &nenaﬁqﬁzexqoﬁettekreaweq en@ﬁmse@aampemkment(ﬁ. and

pol ynucl eot i de sequence according to t N enb 2 i ment _of th .
Prventon, Si ngi o 41 el e RIS S ELb D LRk bALE OF GRHALA A R v
det ect ed U3|ng t he and/or a separatlon element at a position complementary

to said specific nucleotide or base and a detectable

and/or separation element optionally attached to the
oligonucleotide primer.

41. An apparatus for performing the method of any one of
claims 1 to 8 comprising:

a reactor;

means for adding oligonucleotide primer and reagents for
extending said primer to said reactor, said means for
adding being operatively associated with the reactor;

means for separating extended primer into at least one
fraction{s) and for holding said fraction(s), said means
for separating being operatively associated with the
reactor; and

a detector for detecting the presence of any extended

primer(s) in said fraction(s), said detector bksing-
operatively associated with said means for separating.
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MO 90/ 09455
PCT/ AU90/ 00058 "his Sheet Has Been Replaced ] -36- follow ng
W GGTTCGAA.

ol i gonucl eoti de pri mer: ML3 ssDNA
3. .. TTTGCTG
5 AAACGACGGC

5"
Specific Priweo®/9455  The configuration used in this eXGHNE0(040s8
~demonstrated in Figure 2b; the detector mol®&cll e in this exanple is
32[err] and is attached to the 5 end of the specific priner; the capture
nolecule is biotin and is incorporated into the extended priner as

bi oti n-16- dUTR.( an anednoggieeidbd fol T)ertinbeths peeiehic otifat i ekity twwonl ecul e i s

streptavidin and gigestki QeSUPPbiynud18013885PRBnces in materilb%ﬁﬂgczj fic primer
was synt hesi sed--ustu??ne%g I ser_an s 5 end
U

| | d h
| abel ied with 32[8 iﬁgé’gg‘fnrygr(r%ﬁjg?lté’é‘fcﬁapeﬁEelntrs\%t%gnceéscof“%rﬁfo'\ﬂé: React i on

m x: aSpecF’FHGé“}Sr? rma(:g(jabﬁ@”aéslessfoﬁoeﬁi(fgsrent oligonucleotide

lerr]l 190imehd eidhhofosdinedifDdrent oligonucleotide primers having a

S[err]i 1QqudMeBitinb Bdmentary to part of one of said different specific

[SE;I?; } f ][ lar r]P- dATPp lsyagfég%qld%&égv%’s vﬂbze'ig’ea?lpoWawgfi gx[sr L?nds to part

15[ err]| opt Pf pal § iTfeevt pec it haskyne B eetidniseayenges when

2[err] | detdsertr }0 said material each of said oligonucieotide primers binding

22[ err]| 15QaFeaelsl O rdvext VR 1F RCAI AR oA de3ddo8Edck Gof @ Afedm NUt es.

The | abel | ed pri.gprsaypgl@gﬁ_ﬁﬁ&ttggnéri%p(?pi ncorporated [err]p using a DEAE
o e priner ex

cellul ose col um. T ensi on reaction was carried using
the fol |l owi ng®? r e8EEPHHRY Hkd é’??‘%éﬁ“tvﬂ]ﬁﬂ’?"ﬂﬂﬂ3°ﬁﬂi§r8‘?‘"f 2RvatbEeieri ophage
(as a non- honol diffasent omeeidlhy polynucieotide sequences wherein any extended
primer includes a detectable element and/or a separation element;
c) separating any extended primers into a fraction wherein said fraction
does not have detectable element not included in said extended
primer(s); and
d) determining whether any extended primers are present in said fraction
by assaying said fraction for all of said extended primers wherein
the presence of any one of said extended primers is indicative of the
present of at least one of the different specific polynucleotide
sequences in said material and the absence of all of said extended
primer(s) in said fraction is indicative of the absence of all of the
different specific polynucieotide sequences in said material.

43. A screening method for detecting whether the same or different
specific nucleotides or bases are at particular positions in at least
two different specific polynucieotide sequences in material having a
plurality of different polynucieotide seguences comprising:
a) exposing said material to at least two different oligonucieotide
* primers each of said different oligonucleotide primers having a
sequence complementary to part of one of said different specific
s polynucleotide sequences wherein each of said primers binds to its
complementary polynucieotide sequence when present in said material
gach of said oligonuclieotide primers binding to part of a different
specific polynucleotide sequence to that of the other primer(s) and
wherein each of said primers binds to its complementary specific
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. WD 90/ 09455

* *PCT/ A9/ 00058 1 -37-
ML3 ~ Lanbdais 200! ng) 2.5ul
10ul [err] P labell ed \ r 10ul 10ul DNA
pol ynerase (Kl enow, 1 | ul | ul Biotin-16-dUTP
(1nmV lul dCTP (1 rddr/auso/o00ss
| ul WO /09455 dGTP (1 - 56 - | ul |
lul dATP (1 nm\V | ul lul Nad (5
M _ | ul lul MySO[err] (1 M
8 gglul Bovi ne ser Lﬁﬁ?%ﬂ%gteﬁ]gote?ie%u r}};: I%xoslaié ai[EMal Mg:e?ntely adjacent toltél-ggﬂ:
Tris HCl, pH7.0 (1pagjicular pos iony 2. 5ul 2.5ul ddHerr]0
24. 75ul b) ex2Ero2fgikaid differefheligeact ecdidenpri mevasbound dbathetd at

37[err]C for 60 m&H{uﬁzﬁent@\ty bmnu&mb@u&eﬂc@i Wi B then gL %t de Xt ended
pri mer was pr eci pl%

b ore . 12%GETE" RS et A R M TR e

anmoni um acet at e a??d*tZBﬂ)u’F‘e’éﬁh‘éniﬂe“ff‘E)I“P‘E)\R@Hdb;i"' 436% df afi Senkpratrytar

i ncubation at -20[mst{ich fiorthenwedidir nucllaetipr eciupndeavherataseach of said
extended primers has a detectable element and/or a separation element
at a position complementary to said specific nucleotide or base;

c) separating any extended primer(s) which has extended oniy up to a
specific nucleotide or base at a particular position into a fraction
wherein sald fraction does not have detectable element not included
in said extended primer; and

d) determining whether at least one extended primer is present in saig
fraction by assaying said fraction for all of said extended primers
wherein the present of an extended primer indicates that at least one
specific nucleotide or base is at a particular position in a specific
polynucleotide sequence and the absence of all said extended primers
in said fraction indicates that at least one specific nucleotide or
base is not at a particular position in any of the different specific
polynucieotide sequences.

44, A screening method for detecting whether the same or different
specific nucleotides or bases are at particular positions in at least
two different specific polynucleotide sequences in material having &
plurality of different polynucleotide sequences comprising:

a) exposing said material to at least two different oligonuclieotide
primers each of sald different oligonucleotide primers having z
sequence complementary to part of one of said different specific
polynucleotide sequences wherein each of said primers binds to its
complementary polynucieotide sequence not immediately adjacent to the
particular position whereby there is an intervening sequence between
the particutar position and primer bound to the specific
polynucleofide sequence when present in said material each of said
oligonucleotide primers binding to part of a different specific
polynucleotide sequence to that of. the other primer(s}; )

b) extending said different oligonucleotide primers bound to their
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acoll ected by centrifugation, dried briefly, resuspended in 50ul ddHerr]O0
and applied to a 200ul streptavidin/agarose colum (containing 0.12ny

st rept avidin) previously equilibrated with binding buffer (10 nM Tris HC1,
pH7.5; 200 MM MaCl; 1 nmM EDTA). The colum was washed five tinmes with
500ul each of bi nd| ng buffer. The streptavidin/ aga*”ose was suspended in
I'm bi ndi ng QYlehBsask © Whi ch was added 6ml of scintillati egrfdusbdoosind t he

‘m xture counted in a liquid scintillation ?“,punter The results for
the ML3 and the | anbda systens were as foI o]

Tenpl ate : 29 055

| anbda resul ts. demns t at the
primer was specif .‘85?‘|e§}e“é§&”e‘??3é'a‘%‘h‘1“"e SeqfJ Het rwjéesréin"cégg’f {ﬁg | ogous

tenpl ate, ML3, butpriesrs dxteahyedtenfed He tﬁraé%éﬁ%’é‘dﬁ‘ﬂ "thﬁepaﬁb‘rfi’hﬁnﬁ?séb’@ﬂs
tenpl ate, | anbda. vJhes tshigr spebifot inoc e@sidenmobyperiat @dtlienporttdvdare xosnttad

pri ;Ter 50/ in M0 QQLPPARBc1eotide sequence wherein each of said extended
ISR R ~primers has a detectable element and/or a separation efer:éeSn_t at a
‘e position complementary to said specific nucleotide or base with the

- proviso that the intervening sequences cannot be ones where bases or
nuclectides complementary to the intervening seguences and which are
incorporated {nto the extended primer(s) cause incorporation of
interfering detectable and/or separation element(s);

¢) separating any extended primer which has extended only up to a
specific nucleotide or base at a particular position into a fraction
wherein said fraction does not have detectable element not included
in said extended primers; and

d} determining whether any extended primers are present in said fraction
by assaying said fraction for all of said extended primers wherein
the presence of an extended primer indicates that at least one
specific nucleotide or base is at a particular position in & specific
poiynucieotide sequence and the absence of any extended primer
indicates that a specific nucleotide or base is not at a particular
position in any of the different specific polynuclieotide sequences.
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JExanple 3 In this exanple of the use of the invention for the
detection of an altered nucl eotide base, the configuration shown in Figure
3c was used. The ML3 sequence detected and the ol igonucl eotide priner

sequence used were as follows: 58 ML3
SsSDNA 3 .. . TTTGCTGCCGGTCACGGTTCGAA. . .5
5§ AAACGACGGCCAGTGCC

Specific Priner The specific primer was synthesised using an

ol i gonucl eoti de synthesiser. The reaction m x was set up as

fol | ows: DETECTION OF RQQU@ET CE OR A CHANGE THEREIN
2.5[err]l pnol es speC| I'c primer

2.0[err]l 10x reaction buffer

1.5[err]l ddH err] 0

1.0[er BSTRACT This reaction mx was incubated at 55[err]C for 10

m nutes at which time the foll ow ng were added: [err]P dATP
(3000 G /nmole, 10 nCi/m) 0.5[err]l [err]p
ddATP (3000 Ci/nmmle, 10 nCi/m) 1.5[err]l

DNA pol yner &s me(hqdefnodyteqtmgm sn@c;fwrpqul;ucleoude sequence in a material is distlosed.|

This reaction n x was incubated for, a further 15 mnutes at 25/ err]C. The
react | a‘ﬁemhgci 6’&}}’@85 s&pqsms Bishimetepial Gransligopugleriide puimgrdayngod sauBPIfENi de,

0. 1% xyl en anol hro lﬁenol bl.ue The re ctlon eat ed

at 100 ¢omPlEaGEY ¢4 paisohs Slymicieqiita geapsics, Rotsi, Rid et PYAGE de
gel and u he was t hen
Pixed PR SEoRaaRfbeRefife sz@sﬁceed% éfﬂiﬂ@ﬁﬁ?ﬂ?@} Beterl e Elmer OGBSl £ 171,
at -80[e rs éqﬁmﬂ ?tﬁ&a i gure 4)
exhibi% on @ﬁ%%e B%%%l§?mf§kﬂ é@%ﬂ es 1n #%ﬂkﬂ@ﬁ?gﬁ %EIHEF had
been eéieﬁﬂﬁ?gmmfr 93&%/%% elbente OAh)‘j@Jn@ﬁﬂeH *iﬁ‘nﬁd?(i@fﬂéﬁrséﬁdtﬁlﬁd %o fratieh! €d
adenlne resi due an

wherein said fraction does not have detectable element not included in said extended primer.

One then determines whether any extended primer is present in said fraction by assaying said

i

fraction for said extended primer wherein the presence of said extended primer is indicative of

the presence of the specific polynucleotide sequence in said material and the absence of said

extended primer in said fraction is indicative of the absence of the specific polymucleotide

sequence in said material,

Fig. 1
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detecting a specific single nucleotide in a nucleic acid sequence.

Exanpl e 4 In this exanple of the detection of a specific
pol ynucl eoti de sequence, the nmethod of Fig. 2a was used for detection of
the single WD 90/ 09455

PCT/ AU90/ 00058 . 1./8 - 39- stranded
genonm c DNA @, act eri ophage ML3. T Synt hesi s nﬁpﬁ&ﬂ hetic
%ri n}[ar ( SA(\;A fu%er DN$hcor2715)I eman':]aélyt':]o M SI SSPNS\ vvagcsr{/n esl I%ed by
ont ec : e 25-nmer ha ucl eoti de sequence
5" -X ACG TG TAA AAC GAC GGC CAG TGC C—é‘ E\.?Jflj}er esabplcolRbAlig coval ently
attached tg asmaiskéfdstracheoti te. Z,LM @/ﬁri HESAUROPTARBEr N4 MEr
4L

ext ensi on The primer was m xe uf fer containing either M3
DNA (targét) or herring sperm DNA (control) and extended using DNA

Pol yrer as é”iC @KIPEIH@BOW%@HEM) : “Reaction conditions were as
fol l ows: DBM-CELLUMSE \ Tri's pH 7.5 10 mM MgQl [err]

]
L4

HYBRIDIZATION TO

TARGET DNA
I
TARGET DNA _ Y
. NS - /'\/
-~ - —
Co0oOOCOO0OOLOOCO
XX XX g
P
//
PRIMER” -

WASH To REMOVE
UNBOUND DNA

Y

0000000000 .
X Xx || LABELLED NUCLEOTIDE X

UNLABELLED NUCLEQTIDES XX

X0

PRIMER EXTENSION USING
DNA POLYMERASE [ (KLENOW)

Y X r
, 00000 00 _00_0 X X
XXXxX XX XX X X
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X X x

*
X

WASH TOo REMOVE
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. 7 v NUCLEOTIDES
o000 00 00 O
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4 mM DTT 100 mM Nadl 50 ug/ M bovi ne serum al bum n

0.02 nM each dATP, dGTP, dTTP 1 G [err]p dCTP 742. 5ng/ 50ul
ML3 or herring sperm DNA 25. 8ng/ 50ul bi oti n-primer 0.5 '
units DNA polynerase |, Kienow fragnent. The reaction m xes were incubated

at 37C for 60" and term nated by precizgitati on and washi ng.

Preci pi‘tati onwaesy/®assr | ed out by additi A8f SM ammoni um q,(&g.}ﬂbg al f

t hymus DNA as carri-er and ethanol. Pellets collected by centri /38)3& on
were washed with 70% et hanol- unti|l washi ngs conidined | ess than 500 cpm
Washed pellets were then dissolved in bindin uffer consisting of 200mM
NaCl , 10 p;l.}/j;/sc pHs7.5, 1nmM EDTA and appli to a colum of

streptavi GHalgagar oSE. Cot umms~ wer e washed wi th several7ARGLites of buffer
and counts bound to streptavidi n agasose (ShMeye nmeasured, with the
follow ng results: Tar get cpm bound to SA ML3
11,939 Herring Sperm 83 + Thé-M<Ul ts denpnstrate that only
" prinmers extended in the presence of . d-NTP -

.t

RIGH STRINGENCY WASH

Y
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.
WO 90/ 09455

PCT/ AU90/ 00058 -40- target ML3
DNA result in significant radioactivity being bound to the colum.

I ndustrial Applicability The nethod of the invention can be readily
used in the fvabbgudssg  applications: a) the sigmdlLuoerddbdsd.
sensitive and aut omat abl e detection of i nfectious di seases of
humans, aninmals and pl ants; 3048 the specific, raprt and |arge

scal e detection of base changes in nucl aci d sequences,
particularly in thgpgg&%gtish of gene . def ect s BadcDRA
fingerprinting; FRLMFRC) Biits for use with“the above applications; and
d) automated equi pment for use with the above a#¥fVeHti ons.

- 41 - CLAI VB: 1. A net hody f eerpdet ecting a specific
pol ynucl eoti de sequence in a material conprisi b a) exposi ng
said material to an oligonucl eotide priner 4avingj;a seﬁﬁénce 5

conpl enentary to part of said specific polynucleotide sequence wherein said

priner ’ binds to part of said polynucl eati de sequence when present in
said materi al ; b) extending priner jbound to the pol ynucl eotide
sequence wherein any extended primer iqcludes a detectable el enment or

T ¢ ¢ 1T T 1 & + 3

5) T Frii ¢ 7 ¢+ ¢t ¢ & 1 ¢+ 3 !
._’_LJ_.L_l_.!_.‘_l—'—i-L-Jr—LTLJ.—.\_I-.‘I.J_{_L..l_-p_
YY ¥y ¥vY Y

Y

a separation el enent;
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&
@) separating any extended prinmer into a fraction wherein said fraction
does not 10 have detectable elenent not included in said extended priner;

and - d) determ ni ng whet her any extended priner is present in said
fraction by + assaying said faction for said extended priner wherein the
presence of saiw @reggaded prinmer is indicative of the presence of the
speci fic pol yntleoti de sequenice ingsakd material and FRAUNEWAEe of
said extended prinmer in said fraction'is indicative of the 15 absence of
t he specific pol ynucl eoti de sequence in said material . 2.

A nmethod for detecting a specific palriYeata de Zequence | MARGET

mat eri al conpri sing: a) exposing said material to an

ol i gonucl eoti de prinmer having a sequence conpl=2nentary to part of said

speci fi c pol ynucl eoti de sequence whétein said pri™eX¥§X NOE/G BRP4ER of
sai d polynucl eoti de sequence when ppesent in saidéﬁgég&hgl; b)
extendi ng prinmer bound to the pol ynucl eoti de sequ rein any extended
prinmer i.ncludes a detectabl e el enentt and a separatggm-g@l enent ; c)
separatihg detectable el enent not included|{in said extended primnmer from any
extended priner wherein any extended priner| is separated into a fraction;

and 25 d) determ ni ng whet her any eXtended prinmer is present in said
fraction by assaying said fraction folf said detectable el enent wherein
t he presence of said det ect abl e;el enent jgs indicative of the presence
of the specific polynucleotide sequ@negyx x-.dgirn said material and the
absence of said detectable element inygs@ fracjion Ls indicative of

t he absence of the specific pol yndacl eoti de|sequence Th-said material. 30

3. A nmethod for detecting at |east t different specific

pol ynucl eoti de sequences in material lhaving a plurality of different
pol ynucl eoti de sequences conpri si ng: a) exposi ng said

material to at least two different oligonugl eotide primers each of

said different oligonucleotide priners hav’ng a sequence conplenentary to

part of one 35 of—saidjdifferent sp?cshkg_gg ynucleotide sequences

wherei n each of said prifers isRds to partiof one of said different

speci fic polynucl eptide $ en prese in said mat eri al each
[

of said oligonucle)tkgg Bt i 5 &0 t of a different specific
pol ynucl eoti de sequerntce % égygé' &%EQR?EC|69tide priner(s);'

FIG. 3a

Y
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#-42 - b) extending said different oligonucleotide priners bound
to their different speci fic pol ynucl eoti de sequences wherein any .
extended priner includes a detectable el enent or a separation el enent;
c) separating any extended priners irgggat |east one fraction wherein
said 5 f r actwomi/eymszioes not have detectable el enent not POWAUHNEWOSIN sai d
extended priner(s);- and d) det er mi ni ng whet her any extended
prinmers are present in said fraction(s) by assaying said fraction(s)
for at |east one of said_extended i mers whergipekire presence of said
extended priner(s) is indicative of the presence of at |east one of the
different 10 specific polynucleotide gequences in said material and the
absence of said extended + pri mer (W)xxxx saiSPAGIALT PEMER i s indicative
of the absence of at |easi one differgnéﬁﬁpecific ' pol ynucl eot i de
sequence in said material . . A nethod for detecting at
| east two di fferent specific pol ynucl &é6fde sequences in nmateri al
having g plurality of different, polynucleotide sequences 15 conpri si ng:
a) exposing said material tp at least two different oligonucleotide
prinmers each of said diffefent oligonucleotide priners having a
sequence conpl enmentary to part of ope of said different specific
pol ynucl eoti de sequences m@é&g&&-g@¢h of said prinmers binds toits
conpl ement ary pol ynucl eoti deysequensezabign_present in said .material each of
20 said oligonucleotide priners binding to part of a different specifi-c
pol ynucl eoti de sequence toYthat of the other oligonucleotide priners;
b) extendi ng sai d gt r"ﬁg,“a;" aHcl eoti de prinmers bound to their
conpl enment ary pol y fg@ﬁ 4% S ences wherein any extended priner
i ncl udes a detectabl e el enent and a separation elenment; 25 @)
separating detectabl e el emenfyi@lli ncluded in said extended prinmers from
any extended priners wherejmany extended priners are separated into
at |east one fraction; and d) det er mi ni ng whet her any
extended priners are presequngﬂgggwﬂ fraction(s) by assaying said
fraction(s) for said detect nt(s) wherein the presence of said 30
detectabl e elenent(s) is indicakive of the presence of at |east one of the

different specific

FIG. 3b
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§ pol ynucl eoti de sequences in said material and absence of said detectable

elenment(s) in a fraction(s) is indicative of the absence of at |east.
one different specific polynucl eotide sequence in said material.

5. A nmet hod for detecting whether aE?F%fifiC nucl eoti de or base is at a
35 parti cul\%gg}g égi on in a specific pol ynucl eotide seqpepsgoossdoseat eri al
conpri si ng: af exposing said material to an oligonucl eotide priner
havi ng a sequence conplenmentary to part of the specific polynucleotide
sequence wherein said pri-ner

-43 - bi nds t o-partY bY YAZFdZHeci-tc polYfRGEfeoti de sequence in said
material i mrediately adj acent to the particular position; b) .

extending prinmer bound to the speciffc pol ynucl eoti de sequence with the
provi so that the bound priner is onl yX¥%&endedPafdftCo PBHE& R ncl udi ng said
specific 5 nucleotide -or base when s@iglygpecific nucleotide or base is at
the particular position in the s iLi c pol ynucl eoti de sequence
wherein the extended priner hgs a detectable el emrent and/or a
separatd on el enent at a positijon conplenentary to said specific

nucl eoti de or base; c) separating any extended priner into a
fraction wherein said fractioH does not 10 have detectable el enent not
included in said extenged pri ¥r: and d) det erm ni ng whet her any
extended priner is presgiixxd gdpai d fraction by assaying said fraction
for said extended pri neyyYwherehd ah8Zpr.esence of said extended pri mer

i ndi cates that the specific nycleotide or base is at the particular
position in the speci fic {pol ynucl eoti de sequence and the absence of
sai d extended priner indicatey that 15 tﬁgygﬁgcgééealﬁucleotide or "base is
not at the particul ar p¢ k ] ' specific ~ pol ynucl eoti de
sequence. 5. s od for detecting whether the sane or
different specific nucle?tides or bases are at particular positions in
at least two different speciiilc
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pol ynucl eoti de sequences in material having a plurality of different

pol ynucl eotide 20 sequences conprising: a) exposing said materi al
to at least two different oligonucleotide priners each of sai d

di fferent oligonucleotide primers having a sequence conplenentary to part
of one of said different specific polynucl eoti de sequences wherein
each of said MA99455bi nds toits qo;rgl enent ary pol ympaes)a9bioohss
sequence when present in said material each of 25 said oligonucleotide
prinmers binding to part of a different specific polynucleotide

sequence to that of the other primer(s) and wherein each of said priners
binds to its conpl enentary specific polynucl eoti de sequence in said
mat eri al i medi atel y adj acent to the particular position; b)
extending said different oligonucleotide prinmers bound to their

conpl enentary 30 pol ynucl eoti de sequences with the proviso that each of
the bound priners is only extended up to and including the particul ar
posi ti on when said specific nucleotide or base is at the particular
position in the specific nucleotide sequence wherein each of sai d
extended priners has a detectable elenent and/or a separation elenent at a
position conplenentary to said specific nucleotide or base; 35 O
separating any extended priner(s) which has extended only up to a specific
nucl eoti de or base at a particular position into at |east one fraction

wherein said fraction ~ does not have detectable elenent not included in
sai d extended priner; and

-44 - d) determ ni ng whet her at | east one extended priner is
present in saildtBLaEDi IBNSY FoTior BYABSSAYing said fragtfhn(s) for said

extended priner(s) wherein the presence of an é?ix%. 2d pri ner

i ndicates that a specific nucleotide or base is at a parflcular position in
a specific polynucl eoti de sequence and the absence of sald ext ended
primer(s) ina 5 fraction(s) indicates that at |east®*one specific

nucl eoti de or base is not at a particul ar p03|t|on in at |east one
different specific pelynucl eoti de sequence. i;

-

._'()T Y\l’
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4
7. A net hod for detecting whether a specific nucleotide or base is at a
particular position in a specific polyntleotide sequence in materi al

conpri si ng: a) exposing said material to an oligonucl eotide prinmer
havi ng a seque‘%go,w‘ conpl ementary to-p@tgof the specific polynucleotide
sequence whereiln ¥ pri ner binds to part of said spBCI/AU¥/000s8

pol ynucl eoti de sequence in said material not imedi ately adj acent to
the particul ar position whereby there is an intervening sequence between

t he particul ar pogsiti pnsameopei mer lbound |t aykke specifilc, 22

pol ynucl eoti de sequerdfe;,\— S« By ext endi rjg deepng 7primerf with the

provi so, that the bound pr[m’ﬁ“ﬁé ‘only extleMdé®c4p t o and i ncl udi ng

said specific nucleotide or base when sai d speC| f| c nucl eoti de or base
is at the particul gr ifJ on}lin tthe s | ynt| eotj de_sequencd
wherein the extendedplgj'%_r{)éér has a|det eg(91 fJé’ nent | and orffé"’separ.cg,i/Qn
el enent at a po&g{!_on conpl erfent Spedi fi / 2ot i de
base wi th the provj so nt’&f %‘nl ng sequ

wher e bases or nucl€otTdes conpl egentary to Lne(_c
and which are incotoratied into the extended priher
i ncorporation of an interfering d

=l
?_i\
2

c) separating any extended priner which|has extended only up to a
specific nucl eoti dg¢ or base at a part{dqul ar position into}ja fraction
wherein said fraction dr s _not have detject included in
sai d extended priner; szg)m detefini ng whgt her any extended
priner is present in s:agdj< Fag asisayi said fraction for said

extended prinmer wherein the presen
that the specific nucleotide or bas
speci fic pol ynucl eoti de sequence an

Of said ext ehded cypx-Rri ner indicates

oo alpa epalitli cul ar posi gl Org in the
hgeabsence sal ed prinmer

i ndi cates that the gpegiidec puc] otide or bag e
particular position in the specificN3pP polynucl et ?mﬁfaqe

8. A method for detresssdags Whet hie Fldf Tferent specific

nucl eoti des or bases araua!’taaw;tgr | fap= t least t ¥EF er ent

specific pol ynucl eot i de sequenc' h ality of
di fferent polynucleotide _ sequen S 35 a) exposi ng
said material to at |east gonuc eot| de prinmers each of-
said different oli gonucr;é;gfo lavi ng a/sequence conplenentary to
part of one of sai ¢ ﬁg'r d} i ki ¢ pofynucl eotide sequences
wherein each of said prl ners bin conpl emgnt ary polyngcl eoti de
sequence not i nmedi at el ys@ghoxeent ticular VAC LUM
vESsEL Pune
T2k

WASTE
CONTANER
™25
po

/
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P2 T e T

145 - position whereby there is an intefy, em‘\’ﬁ's(é“ct EHE & & Reen *Phe
particul ar position and prinmer bound to {He S‘e'éq KRR Fpof nudy doETHe
sequence when present in said material each M‘o g} d ‘FEEDTuCT dBEY dé’

priners binding to part of a different specif|d<pdEy m}éé)edprde ----- fo paged ...
sequence to that of the other prinmer(s); 45 b) b‘,tr-*@txt erpfced) Fdp pazed .=
different oligonucleotide priners bound to their conpl enentary

pol ynucl Sot Ciaam ggljeg_ces vvhherei n eaclh of the pogm@apprnggsmmgnf.ﬂ?éxtended
up to an I n¢l udi nq t reic osi t Far PECITTC .
nucl eotide or base'is a t’ﬂ‘ghgf ttorp | &8 @Xn‘i“ﬁe‘{%ﬁ% SqHMERGG o a
nucl eot i de matpriahcemptigingi n each of said extended prinmers has a
det ect abl e enen §1§aqgji t eI [
conpl enent argi/ to s’éﬁ%ﬂ{% I'C nuagl gé;ﬁndeﬁgw%ﬂ&hd@ ﬁ%&#{]eﬁgr i% S°THEFC t he
i nt er vens ngcompleneéameﬁeeeﬂca Rod specibin apolymvsleotide seqenee merain tspideprimer
conpl enent abiﬁd&@obﬁ@of@h&&%%@ﬂoﬂde seqBEte WHeRD r@s@ﬂtiﬁﬂ?ﬁf‘mtﬁ& ;ncor por at ed

I nter

into the ex ended use |ncorBorat|on erlng

det ect abl e ®hnd/ oF &’5 Ouéﬂéﬁéhﬁ glynucleoudeceequence JhsEein any, gXignded
ext ended prpfmbrmmhakteewaeﬁeﬂfﬂm axfaﬁomeleneﬁtflc 15 nucl eotide or

b t t I t .f

fract; on(s) Choes MEPrRBcACPubtles i e TEHof REtSE s Fritn Bt afe

pri mer sjo anbiave detectible elenwtnt notrinclndeyt lmmidtmntendmypamee;mm prinmers are .
t d f t“h‘%‘ﬁ dief

E;EZﬁgedl BI’I rr{er(s§l wher el )V{l%ﬂm a“eﬁ%@“‘ﬁ%‘#@g"ﬁ’%’ gﬁf%éirl]tggg%pﬁ (rrﬁvear ?iﬂ%\dby

i ndi cat es thﬁﬂynag spidafractionefos ;sexsii extended prizaari wherein tbamesegcmpf said extended
*8?”5;01(11' ar t xQHndleat?veSBF%é pféséﬁde%/éw&itee QlebiiR dﬁzﬂ th i ﬁéilﬁeaihsﬁi&e
| ex aflr Ion 1 n S. a ea
speci fi e nufj® d}‘gﬁhieé'é’?%sm% ’ﬁg{dggtpr%ftmcﬁﬂ FLT é’% Bast’
one dif fer emseﬁweﬁ thee speudfiy polyheclédtite se@.wnemhesald material. : The

e oot de. sel eci Bt 11 ofy bGP YAATRE | £ pelifc (Hyphmay g %%ﬁlsncmpa
dUTP, 25 dI Faferid sBprisiagTP, ddGTP ddl TP and ddTTP. .

one ﬂﬁi?igt.deCLZ‘F’?““ﬁomt eﬁr%LﬁQS’%@?‘é‘%‘Hﬁ““*?ﬁS‘ﬁé% §%§r““‘°°

dTTP, sequeneer wherein said primer
20 bmds to part of sald polynucleot:de sequence when present in said material;
b) extending primer bound to the polymcleotide sequence wherein any extended
primer includes a detectable element and a separation element;
c) separating déetectable element not included in said extended primer from any
extended primer wherein any extended primer is separated into a fraction; and
25 d) determining whether any extended primer is present in said fraction by

assaying said fraction for said detectable element wherein the presence of said
detectable element is indicative of the presence of the specific polynucleotide sequence
in said material and the absence of said detectable €lement in said fraction is indicative
of the absence of the specific polynucleotide sequence in said material.

30 3. A method for detecting at least two different specific polynucleotide
sequences in material having a plurality of different polynucleotide sequences
comprising:

a) exposing said material to at least two different oligonucleotide primers each of
said different oligonucleotide primers having a sequence complementary to part of one

35 of said different specific polynucleotide sequences wherein each of said primers binds
to part of one of said different specific polynucleotide sequences when present in said
material each of said oligonucleotide primers binding to part of a different specific
polynucleotide sequence to the other of said oligonucleotide primer(s);

s is the replacement sheel
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11. The nethod of claim3 wherein said extending conprises using at

| east 30 one nucl eotide selected fromthe group consisting of dATP, dCTP,
*dGIP, dTTP, dutP, dI TP, ddATP, ddCTP, ddGIP, ddlI TP and ddTTP.

12. The nethod of claim4 wherein said extending conprises using at

| east one nucl eotide sel ected fromt¥e group consi sting of dATP, dCTP,
dGTP, dTTP, dutP, dI TP, ddATP, ddCTP, ddGTP, ddI TP and ddTTP. 35

13. The Bkt hodewendingi ssid differeat roligepucleotiden arimgre: hound stos thait rdjfferent
different n t r Y J B, detlelid
dGTP, dTTP, e pitos g(%tg'% &gdé&ircgm%ﬂ%lg B B4 il BT ackickble
-46 - elementoragqpara °n‘ﬂlf'én‘?ﬁ§t hod of claim2 wherein said extending

conpri ses ue) ng f separatin; primemgointclest feaktc ohedfrictivm wherdn osgam

cons St Bhefil i Fio Eﬁm slment, Bt il o Rl e

ext endi ng cambrises using four 5 different nucleotides selected fromthe

dactp, Tl ang Sestiibine Shdder S6F Crgldel primers a8 Hesprl il dpid Balon Gt
sai d ext endhssgyieg wpid frectionts) fer atolgast one Oféillﬂfeétf@ﬁ?d primesowhersin the|preseage

B&X?pt hgdgcfl_gﬂ&lﬁ%&' fim a(ng -(lj_idiid_gl_%ﬂfof tHeThtesehdd Of at least SdéT & th(é'hoc erent
oo 5o sscihts golymgs s B8 meerisl nd e absenet o1 EXERAEL o

fromthe grprimec@Ni sifid ﬁgcﬂxfn(s)ﬁi ndicktive of diseTdhsenkE 10T, at dédEPone differedit Specific

ddl TP, ddAT 18. The net hod of
claimb5 V\heﬁ%l?'ﬂlgcg(ﬁ%ie @;’%ﬁg 6 @o Ii)Errlla%es usi ng one nucl eoti de
select ed from t he4gr oupAcnmthodt forgletecting) BT Teastawor diffegent mpecifid pplynucleotide

ddTTP. 9 T 4
-conpri ses u5|qu1lg at f&ars?taxqrm "Yavilig E}Pdplﬁlfaht}} BeMBrrABR PolyrdBleBide | RGaLidEs .
comprising:
a) exposing said material to at least two different oligonucleotide primers each of

said different oligonucleotide primers having a sequence complementary to part of one
of said different specific polynucleotide sequences wherein each of said primers binds
to its complementary polynucleotide sequence when present in said material each of
20 said oligonucleotide primers binding to part of a different specific polynucleotide
sequence to that of the other oligonucleotide primers;
b) extending said different oligomucleotide primers bound to their complementary
polymucleotide sequences wherein any extended primer includes a detectable element
and a separation element;

25 ©) separating detectable element not included in said extended primers from any
extended primers wherein aﬁy extended primers are separated into at least one fraction;
and
d) determining whether any extended primers are present in said fraction(s) by

assaying said fraction(s) for said detectable element(s) wherein the presence of said
30 detectable element(s) is indicative of the presence of at least one of the different specific
polynucleotide sequences in said material and absence of said detectable element(s) in a
fraction(s) is indicative of the absence of at least one different specific polynucleotide
sequence in said material.
5. A method for detecting whether a specific nucleotide or base is at a
35 particular position in a specific polynucleotide sequence in material comprising:
a) exposing said material to an oligonucleotide primer baving a sequepce
complementary to part of the specific polynucleotide sequence wherein said primer

R
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‘one nucl eotide selected fromthe group consisting of dATP, dCTP, dGIP,

dTTP, dutP, dI TP, ddATP, ddCTP, ddGIP, ddlI TP and ddTTP.

+20. The nethod of claim®6 wherein said extending conprises using at

| east 20 one nucl eoti de selected fromthe group consisting of ddATP,

ddCTP, ddGTP, ddI TP and ddTTP. ~43- 21. The nethod of claim
7 wherein said extendi ng conprises using one nucl eoti de selected from
the group cbind's Sto pgtm‘f sjl.id' IBpeQiﬁI!I' polyhetieptidET FiRjuenksT i said magtrial imontdiBkly
ddATP, ddCT os?ti_b 22. The met hod of claim8
wher ei n sai extendln conprl es uéln at | east one nucl eoti de

sel ected fr8h t he HeBBE CPIEEE t qugdoﬂo theT specificT polyaleotideT pequence  wighutthe
dl TP, ddATPpréigdel that A& hound dpriiennsl chtkT 'EEtended up to and mélt’id said'@pe&ffod

of any one of cl aj ns to 22 V\/a rel nucl e,otldes
o 0 90 SRS, Bk Vi S Sl sk SRAL gy gRtigHpr gRsitign in
clainms 9 totHéZspMce ipolyatucleotidd sequencd wimr&in the extundécbqfrhn&rshisaa detectable
separation t of .¢l ai 9
to 22 wher e:ér?ﬁ{agﬁplaggér %ne Saleéénent at gqorggi goﬁﬁlgﬂl@ég%f]?%tgabﬁ sﬁ#{]ﬁc
det ect abl e oucipetidesor base; The met hod of any one of clainms 1

to 8 wherei gy the qlig@RichfPbidiks eﬁ%rgﬁ?ﬁ?d’a'ﬂ%ﬂ&n?% sRidIRARO RS not

el enent . any one o al s

the ol i gdnubrvesdstersable elemsnt ﬁ%trmP M@E‘B}%H@n el enent .
-47 - @) . deteifining defemﬁptéxﬁefndamprﬁﬁa B pidssiin sl fFaceon” oy n’

telhgrrgln![ gonuc eo.t | de C:d fragg?n 51’_Hiencor r at esa%ﬁ“@ b:¢ %ﬁ%agﬁéggar at i on.d
wher ei n anypﬂnteenﬂchdatps thmeithe- spwﬁquﬂddﬁﬂe@rﬂnmrsaatlthmpeﬂmuhmpoamﬂnsm
separating ) §15e%ﬂ'icc Bgf%ﬁcﬁgcﬁidecs%ﬁ&% 'ali¥ 1t dbsence of said extended primer indicates that
15 the specific mucleotide or base is not at the particular position in the speciﬁc
polynucleotide sequence.

6. A method for detecting whether the same or dlfferent specific
mucleotides or bases are at particular positions in at least two different specific
polynucleotide sequences in material having a plurality of different polynucleotide

20 sequences comprising:
a) exposing said material to at least two different oligonucleotide primers each of
said different oligonucleotide primers having a sequence complementary to part of one
of said different specific polynucleotide sequences wherein each of said primers binds
to its complementary polynucleotide sequence when present in said material each of
25 said oligonucleotide primers binding to part of a different specific polynucleotide
sequence to that of the other primer(s) and wherein each of said primers binds to its
complementary specific polynucleotide sequence in said material immediately adjacent
to the particular position;
b) extending said different oligonucleotide primers bound to their complementary
30 polymucleotide sequences with the proviso that each of the bound primers is only
extended up to and including the particular position when said specific nucleotide or

base is at the particular position in the specific nucleotide sequence wherein each of
said extended primers has a detectable element and/or a separation element at a position
complementary to said specific nucleotide or base; )

3/ C) separating any extended primer(s) which has extended only up to a specific
nucleotide or base at a particular position into at least one fraction wherein said fraction
does not have detectable element not included in said extended primer; and

A
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‘5 extended priner with a nolecule having affinity for the separation

el enent, said nol ecul e being |inked to a support that facilitates said
iSeparating; and separating said contacted extended primer(s) to

provi de said fraction. 30. The met hod of any one of clains
1 to 8 wherein any extended priner i#tr udes a separation el enent and

sai d separating step conprises: contacting any 10 extended primer with a
mol ecul e ha\d)ng afdeteninining evhethier at basir ortei extended printer laprbsent in sgidpfraciiony

Separati on ceRHEg e Ralfff)Stor) Qid cRER pAex() Setch] dif Bhefe? Bt

fol | ows: extended pmng,@ %atesdhatg spRSHiC nucleotlde or base is at a mcg},q;m@sm, lﬁg

Affinity for specific polynucleoude sequence and the absence of said extended prim&€Haffhi On

F L?nfﬂé Fig m{m&(s) md(ugx):es ' dar gt Ieoéte%gpelogprec < eielo%déjl o;' asé) t1s01r10t ataa rpgce g}r

| i gand for tpositioadept least one diff¢rent speclﬁalpolymuclgeukle seque

the antigen: Yooy ASilthod o, delsripg wil e?%%;%gﬂ% fn?cﬁeo%s Bt o

t he anti di op;xpiwlar position in a specific polymlcleonde sequence m material comprising:

ZRH Eggz for th(f)exposmga”saﬁi“ﬂlﬁeﬂﬂ ft@%xf"bl&%ﬁdléﬁtﬁfeyﬁhﬁleraﬁavﬁﬂg 14 eghoralC

anti body® complegentary g Pﬂbmﬁe wﬁs polynucleotide sequence sgheggin,sgishipriossy

t he hapt eni ®inds to C& art of said specific polymucleotide sequence in said material not imédedistély

0 anzyrer WabbiL 8 bl hicn S6SKEy gt AR rin etz e
~enzyne; "and paruculz(rjp)osmonaadlprmhrrhgunmto thetspeclﬁ@pélymoslem:gdamequencé he enzyne.

31. The get hod Q%Hﬂié%e né"%{djg’ 24 1thE°P§> Y&*&eﬁﬁk r}hé‘%u‘ﬁ%itgﬁﬂﬁp 07 bl

I ncludes a s paratl S€ 2 ng, step co

cont act ithg &Atended upesq @ndemcl@dmesaldn mc@cm@mde o m“éﬁll said \speeifict he
separati on gyeRBRde of Bhdd is at ér? positiod 1h'tﬂé<§ﬁ:clﬁb g(r)l et tidet deghence

EAlEE X i e e e v
sai d nol eculpesitivg cvalpi@iadarfy’ Padid epepific dutlestidedon badeotwithe proviso that the
intervening sequence cannot be one where bases or micleotides complementary to the

20 intervening sequence and which are incorporated into the extended primer cause
incorporation of an interfering detectable and/or separation element;
©) separating any extended primer which has extended only up to a specific
pucleotide or base at a particular position into a fraction wherein said fraction does not
have detectable element not included in said extended primer; and

26 d) determining whether any extended primer is present in said fraction by
assaying said fraction for said extended primer wherein the presence of said extended
primer indicates that the specific nucleotide or base is at the particular position in the
specific polynucleotide sequence and the absence of said extended primer indicates that
the specific nucleotide or base is not at the particular position in the specific

30 polynucleotide sequence.

8. A method for detecting whether the same or different specific
nucleotides or bases are at particular positions in at least two different specific
polynucleotide sequences in material having a plurality of different polynucleotide
sequences comprising: )

3% a) exposing said material to at least two different oligonucleotide primers each of
said different oligonucleotide primers having a sequence complementary to part of one
of said different specific polynucleotide sequences wherein each of said primers binds
to its complementary polynucleotide sequence not immediately adjacent to the particular

R
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- 48- Separ ati on El enent Mol ecul e Havi ng

Affinity for Separation

sEl ement  (a) a ligand for which there is a specific a specific
receptor for the |igand; recept s (b) a specific receptor;
the ligand for the specific A

receptor; (c) an antige a specific antibody

for the position whereby there is an intervening sequence between thenpartiewlar pesition andn
speci fi c anpiifRfBoast toPthe IPEINE Poly n&é]@otﬁ@tsbt?ﬂﬁce {vBén preseritin 3k thAbQAIVRLE

anti body; I c.antl
ant i di o%/ypl ef spid; %&ﬁ?}‘“&(’? e primers, @ﬁiﬁgb@dparf &f Hdiffersnt; specific polynuciegtide
anti i di ot ypieuende toatiyt ofitke ofber primer(s);  anti body;

for the ant t))bOdy; e)(tgﬂding saidl Jﬂﬁ'@feﬁpgﬁg&wgﬁde primers bound to their cozﬂgaf&g% eific

anti body” for’the
group; (h) polynumeMcaequmcemwhmuyedchrofahmbzpnﬂrprmxers tishenlfi amtended up toapd

group; (i) ine %d#?‘ thd' dificular position when said specific muciBofided'd PAsEdiant the

i nhi bitor for
(i) a t Paticuler pesitign; inthe ispegific gmcigatide saquenge,Wherein each of sa:é @zsqméled

32. The pRinefAd s ANYeRRGDY CEMERS abd/of 8 WEREfich {démSieat f 4 Cposition
By onoty - EHEPRELEERY S GPRILAC AHeQHIE ot e with the proviso that e infervening
sequences cannot be ones where bases or nucleotides complementary to the intervening
sequences and which are incorporated into the extended primer(s) cause incorporation
o .- of interfering detectable and/or separation clemént(s); ce T :
c) separating any extended primer which has extended only up to a specxﬁc
16 nucleotide or base at a particular position into at least one fraction wherein said
fraction(s) does not have detectable element not included in said extended primers; and
d) determining whether any extended primers are present in said fraction(s) by
assaying said fraction(s) for said extended primer(s) wherein the presence of an
extended primer(s) indicates that at least one specific nucleotide or base is at a
20 particular position in a specific polynucleotide sequence and the absence of said
extended primer(s) in a fraction indicates that at least one specific nucleotide or base is
not at particular positions in at least one different specific polymucleotide sequence.

9. The method of claim 1 wherein extending comprises using at least one
nucleotide selected from the group consisting of dATP, dCTP, dGTP, dTTP, dUTP,

2s  dITP, ddATP, ddCTP, ddGTP, ddITP and ddTTP.

10. The method of claim 2 wherein said extending comprises using at least
one mucleotide selected from the group consisting of dATP, dCTP, dGTP, dTTP,
dUTP, dITP, ddATP, ddCTP, ddGTP, ddITP and ddTTP.

11. The method of claim 3 wherein said extending comprises using at least

30 one nucleotide selected from the group comsisting of dATP, dCTP, dGTP, dTTP,
dUTP, dITP, ddATP, ddCTP, ddGTP, ddITP and ddTTP.

12. The method of claim 4 wherein said extending comprises using at least
one nucleotide selected from the group consisting of dATP, dCTP, dGTP, dTTP,
dUTP, dITP, ddATP, ddCTP, ddGTP, ddITP and ddTTP. )

35 13. The method of claim 1 wherein said extending comprises using four
different nucleotides selected from the group consisting of dATP, dCTP, dGTP, dTTP,
dUTP, dITP, ddATP, ddCTP, ddGTP, ddITP and ddTTP.

and
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pol ynucl eoti de sequence(s) is an RNA sequence. 34. The net hod of
any one of clains 1 to 4 wherein the specific polyntleotide sequence(s) is
froman infectious or disease causing organism 35. A kit for
detecting a specific polynucleotide sequence in a material conprising: a)
an ol i gonucl eotide primer having a sequent®-conpl enentary to part of said
speci fic pol ynucl eotide sequence; b) pol yner ase enzyme for extendlng

t he ol i gonucl eoti dd. pri rihe; met}hod of dMinl 2 awtierein sajduettemiingl eomptissst wing

daGTP, ag TRkt e St bm Bekrowd cpiify Saate, Bors? %ﬁ'ﬁa’ar
el ement whi cWTR, CH'[IPL GAATPy dETRC AAGTP oddIRR aodidgdARc| eot i de primer or one

or nore of the nuql5eot| method ofclalm h id extendi
o st e A e T

49 -
pol ynucl &ot .daﬁe@ahwmeﬁ PFI%F%foF! ROHD crpsisting of QATPy GrTPd AT, TP
pol ynucl eot idFTB,edITP)dEATPOGHCTR] ddGTR) ddITP aall ddgdPt two different

ol i gonucl eoti de priers gach of .said.prinmers .havin guence

conpl enentary to gt of n‘@e@f’dQ |°g“€’p%%?nﬁ3‘dy% ‘ﬁ?ﬂ FofuPUseS Asing foury,)
a pol yner as differegtmicigotides seledtethfrompthe Igeoupi ddnsisting oHHUATPN ACTRO IGTP, @TTHr S ;
C) at | d up consisting of dATP,
dcTP, dGTP, ﬁﬁﬁ*’ﬁ%‘&rﬁﬁkﬁ?’rﬂ&é’gﬂ#‘iﬁ B Bl P 5 o TP and o
a det ectigbl e el emdft andhsrmethpd roftcleim 5| whesein sald extending womprises ysing taehed
to the ol i IMERLAG sélectsd | M%@grdﬁﬂ%dﬂélsﬂﬁ% 8f AATPhAICIE | A9TP JGPTP, dUTP,

oLt cutar GBEPL TS QTR AR BB R TP s couence | o it or cal -
-conpri Si ng:- a) 18an “olTigomethbé @i clsit Srviieeeinhaid- egendiag @osipees using one -
conpl enent ary £ G:RALL L1 1% the group consisting of ddITP, dIATP, ddCTP, ddGTP and
15 ddTTP.
19. The method of claim 6 wherein said extending comprises using at least
one nucleotide selected from the group consisting of dATP, dCTP, dGTP, dTTP,
dUTP, dITP, ddATP, ddCTP, ddGTP, ddITP and ddTTP.

20. The method of claim 6 wherein said extending comprises using at least

20 one nucleotide selected from the group consisting of ddATP, ddCTP, ddGTP, ddITP
and ddTTP.

21. The method of claim 7 wherein said extending comprises using one

nucleotide selected from the group consisting of dATP, dCTP, dGTP, dTTP, dUTP,
dITP, ddITP, ddATP, ddCTP, ddGTP and ddTTP.

26 22. The method of claim 8 wherein said extending comprises using at least
one nucleotide selected from the group consisting of dATP, dCTP, dGTP, dTTP,
dUTP, dITP, ddATP, ddCTP, ddGTP, ddITP and ddTTP. '

23. The method of any one of claims 9 to 22 wherein at least one of said
nucleotides has a detectable element.
30 24. The method of any one of claims 9 to 22 wherein at least one of said
nucleotides has a separation element.
25. The method of any one of claims 9 to 22 wherein at least one of said
nucleotides has separation and detectable elements.
26. The method of any one of claims 1 to 8 wherein the oligonucleotide
35 primer incorporates a detectable element.
27. The method of any one of claims 1 to 8 wherein the oligonucleotide

primer incorporates a separation element.
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uspeci fic polynucl eoti de sequence wherein said prinmer binds to part of said
speci fic pol ynucl eoti de sequence i mmedi ately adj acent to the particul ar

sposi tion;
prinmer; c)
dCTP, dGTP dTTP,

b)

one nucl eoti de selected fr

dutP, dI TP, ddI TP, ddA

a polynmerase enzyne for extending the oligonucleotide

n1the group consi sting of dATP,
ddCTP, ddGIP and ddTTP with the

proviso that said nucleotide is sel ected mhereby bound pri mer

Is only

extended up to an8.i ncl Ube methosd of ameond pEchimg édoi &iwherein thecolignmucleatide

specific nu
poLynucl eoti de se
el emrent whereby e

or base and
the ol idbnu

iRt hﬂ@rﬁa@@&&eéﬁ?l@tan&

SGpablich il

uence;

endeﬁh@meﬁmd 9f.0y 0T At CieDS | Lctoch BbEFRIn ARYI e
separation ﬁicmae@ta Abpaati®if ieldnieht CAP kAT ERparaying OstéP i cAmpei

position in the specific

‘el eent, and/ or separation
primer

&4: T &g eQﬁS} de

AR S oS ) R SRBUD, S i

sane or dif ineleenle brp@ Emkcxi toua |sepportl dahat (fzcﬂhlatessaldr separatipgyr ancbs&;mratmgssaﬁd ons

in at Ieast

at least two diff

ent Ghe

a sequence ﬁﬁﬁﬂb@@%&?&’ﬂn&? eleidnt Oafndogﬁdoaf

sequences wher e]
pol ynucl®ot ¢

ol i gonucl eogg
pol ynucl eot |

said pri ner%cpﬁfa?i'ﬁgu °nc?%{‘t§8‘ét?3§|né

said materi al

qB@WGé

pol yner ase enzygg(.s)

- 50- ©¢)
dATP, dCTP,

@
(b)
©
@
®

®

@

M)
@

)

31.

a ligand for which there is a receptor;
a receptor;

an antigen;

an antibody for an antigen;

an antiidiotypic antibody;

~ an antibody for an antiidiotypic

antibody;
a haptenic group;

an antibody for a haptenic group;
an enzyme;

a binding inhibitor for an enzyme;

€ Sequences conprisin

|qlmm§ let@c&whbreyaaw gxte

cpiiifly
of sald@g@ﬂgrs bln tott‘?’s o 2

tingi sBd Si:ohtaﬁtédn&télﬁieﬂapﬁm&f(s)at(ﬁ Edvide Rhids pacticn ®vherem said

< °t%greﬁ% ”ﬁﬁgﬁmﬁg&%‘"

[ ncmadl ately adj acent to the . parti cul ar pos—| t ion;

0!nde sequences in materi al

havi ng a pl urwgﬁgﬁ%ﬁ?{m%gfynuc t“g}

Plhg)ﬂ‘ ng
adiﬁﬁ&ﬁg' gy

Ie nt a
ma ; and

'cfo rides: Y

n each of

0é’%fuence in

a receptor for the ligand;

the ligand for the receptor;

an antibody for the antigen;

the antigen;

an antibody for the antidiotypic
antibody;

an antiidiotypic antibody for the
antibody;

an antibody for the haptenic
group;

the haptenic group;

a binding inhibitor for the
enzyme; and

the enzyme.

The method of any one of claims 1 to 8 wherein any extended primer

includes a separation element and said separating step comprises: contacting any

extended primer with a molecule having affinity for the separation element, said
molecule being linked to a support that facilitates said separating; and separating said
contacted extended primer(s) to provide said fraction wherein said separation element
and said molecule are selected from the group listed as follows:

N O A
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dGrP, dTTP, dUTP, dI TP, ddl TP, ddATP, ddCTP, ddGIP and ddTTP with the
provi so that said nucleotide is sel ected whereby bound priner is only

sext ended up to and including said specific nucleotide or base when said
specific nucl eotide or base is at the particular position in the specific
pol ynucl eoti de sequence; and d) at l'edst one detectabl e el enent and/or
separation el ement whereby each extended prine[, has.
and/ or a separ atSeparatioFamentit a position conpleeHfais 8
nucl eoti de or base and a detectabl e and/or seo:&»~=»‘ RNt optional ly

attached to,the oligonucl eo riper A Ki or .det ectl n
whet her a s¥ecific? g‘&q"i V&fé‘dléﬂg) e LA specific 5 %Wfflﬁﬂeﬁ?p é’l‘ Sligand °

speci fic pol ynucl egdceporsequence in a material conprising: a) an

peciTic ponuct cbrpatesiloR "oIrern o ahmedt Kl SRNET O cai o

speci fic pol ynucl eoti de sequence not i medi at eteyelztd!‘,acent to the particular
position whegseby the an intervening sequep rticul ar
position anﬁﬂprl mer Eou%ezl to the specific polyng}gﬁceot Ee sequetﬁge b)

pol ymer ase enzynme for extending the oligonucl ctitizen; pr| mer; c) one

nucl eoti de gpl ectegpk dﬂﬁb@aymﬁpﬁm A Ng Bk adifiddn; dCTP dGTP dTTP,
dutpP, dl TP dI TP, d TP ddCT GTP ancf ddTTP W'n{} thﬁﬁ‘g’ o that said
nucl eot i de sel ef o prinmer i s %™ o and

i ncluding said specific nucl eoti de or base V\hemmlmtyblslantibddy@ nucl eoti de or

base is at e par e spec ﬁhﬁ uence
with the proviso t%ﬁ?ﬂé@gyl nfervenl n gquence%%‘%ﬂ tj'Slgjg:uone% eﬁeﬁ%ases or.
huc) eot i des. conpl eamtihodyy t o-t he i nterveni ng stoq thnansibodys whi ch are - :

i ncor por at egyi nt o %gﬁgj prinmer cause in t nterferlng
det ect abl e (aknd/or sslep rgftcl on ‘el ement; and d) ﬁP@b@f tdggtag le e errent )
and/ or separation el enent whereby ext ended prlmﬂte%gm&l’det ect abl e el enent
and/or a seggrati ofn speificintibod fHOS haptéric corrpihelmpﬁemcmbﬂp said specific
nucl eotide or base and a detectable and/or separation el enent optionally
attached to the ol g’é’b‘ﬂml eotide priner. 40. A kit for detecting
whet her the(ipame oanendfym;ent specific nucl eota tight kinding smsbicorefon the
particular positions in at |least two different @2& {nﬁ pol ynucl eoti de
sequences in material having a [t))l urality of di ¥ eht pol ynucl eoti de
sequences cGhpri si Agightbinding ighibiterfs anwo di f f &EEAEYMR-i gonucl eot i de priners
each of said prinegggyagyi ng a sequence conplenentary to part of one of said
speci fic pol ynucl eoti de sequences wherein each of said priners binds to its
conpl ement ary pol ynucl eoti de sequence when

32. The method of any one of claims 1 to 8 wherein the specific

polynucleotide sequence(s) is a DNA sequence. :

33. The method of any one of claims 1 to 8 wherein the specific
polynucleotide sequence(s) is an RNA sequence.

34, The method of any one of claims 1 to 4 wherein the specific
polynucleotide sequence(s) is from an infectious or disease causing organism.

35. A kit for detecting a specific polynucleotide sequence in a material

comprising:

a) an oligonucleotide primer having a sequence complementary to part of said
specific polymucleotide sequence;

b) polymerase enzyme for extending the oligonucleotide primer;

c) at least one mucleotide selected from the group consisting of dATP, dCTP,
dGTP, dTTP, dUTP, dITP, ddATP, ddCTP, ddGTP, ddITP and ddTTP; and

d) a detectable element and/or separation element which is optionally attached to

the oligonucleotide primer or one or more of the nucleotides.

R
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present in said material each of said oligonucleotide prinmers binding to
part of a different specific polynucleotide sequence to that of the other
sprinmer(s) and wherein - 51 -
each of said priners binds to its conplenentary specific polynucl eotide
sequence in said material not innediaterA%ﬂﬂ acent to the particular
position whereby there is an interveni ng sequence between the particul ar
posi tion and pri m3f. bourd kib fohaleteoting fdtclepss| tw clifferchi spenific cpodynuckeotide  a

pol ymer ase gg@é S)kn f.Or anell t L el @Ngicald RRlkde ' ;
c) at |ea tﬂg‘%e)h}\uagl eot | eﬂgggéc?g%}gﬁ%fnoﬁh&eﬂg%é%%%m st1ng ?1! g{ggrP
dCTP, dGTP, COMPHSINGUTP, dI TP, ddl TP, ddATP, ddCTP, ddGTP and ddTTP with the
provi so thap)sai dapysise td différens eligsiueRotides pERtro eahdod sdid§irithérs davihg a

extended up to an includin id cific cleqtide or, base when sai
specific ngé?‘ﬂ@?%lﬁo%?lg’ﬂlﬁgarfg’l %‘fgﬁ%‘{"dﬁrsﬁﬁ&u Fd C:BBE’PF?IS?P%F"HH@"Q%e::i fic
pol ynuc Ibeot ibdle agqmemkd énzyine(s) favexsendingethe differenttotigommdlendide puintsrses
cannot be ones In t . 1.0 _t e e n
Coquoncos ab wht g TeabE Bfe albichi; SQbAF Tropf T BIUHD Afpkiskfls of uA T SRR, "
i ncor por at i 6GTH, IR, KER,«HTRgddATB-ddGIR, ddGITR A TP and ddTRPambent (s) ;
dd I . :
and d) ) ea%édeegé&?abi’@éﬁﬁ%gighgﬂﬁéet ct%’?% 1 t SARH &L dtidnatly SHEREA to

wher eby each” exten or 1 ner enent and/’or a ‘separation

el ement at HeRligonuelso iReRs ArQu¢ of gnars of thegmileptidesq ycl eot i de or base and

a det ect ?bl e and/ g7, sepay &if for abeomiy whihePnAkpecifd nacleesdd or thge is at a
ol 1 gonucl eo

et hodof - aRGHHET SPEPD i spesife BolmHFIFGE Agfiense T a RaPplcnge -
smeans foi -adyli ng ahigligonutlectidedpriper tavingral sequeges complementary ridi puyt ofii the
Primer to shelifie3ohcicdahe! sl Werdif $hidTpHibn $uRh ofo™phat Yt self $PELiAL o
polymucleotide sequence immediately adjacent to the particular position;
b) a polymerase enzyme for extending the oligonucleotide primer;
c) one nucleotide selected from the group consisting of dATP, dCTP, dGTP,
dTTP, dUTP, dITP, ddITP, ddATP, ddCTF, ddGTP and ddTTP with the proviso that
said nucleotide is selected whereby bound primer is only extended up to and including
said specific nucleotide or base when said specific nucleotide or base is at the particular
position in the specific polynucleotide sequence; and
d) a detectable element and/or separation element whereby extended primer has a
detectable element and/or a separation element at a position complementary to said
specific nucleotide or base and a detectable and/or separation element optionally
attached to the oligonucleotide primer.

38. A kit for detecting whether the same or different specific nucleotides
or bases are at particular positions in at least two different specific polynucleotide
sequences in material baving a plurality of different polynucleotide sequences
comprising:

a) at least two different oligonucleotide primers each of said primers having a
sequence complementary to part of ome of said specific polynucleotide sequences
wherein each of said primers binds to its complementary polynucleotide sequence when
present in said material each of said oligonucleotide primers binding to part of a
different specific polynucleotide sequence to that of the other primer(s) and wherein
each of said primers binds to its complementary specific polynucleotide sequence in
said material immediately adjacent to the particular position;

b) a polymerase enzyme(s) for extending the different oligonucleotide primers;
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“means for separating extended priner into at |east on fraction(s) and for
hol ding said fraction(s), said neans for separating being operatively

.associated with the reactor; and a detector for detecting the
presence of any extended priner(s) in said fraction(s), said detector being
operatively associated with said means & “separati ng. 42. A

screeni ng nethod for detecting the presence of at |east two different
speci fic potlynucl aoleasteoree queleatise setectest fromathehgroup goasigting af IGATR)fdCTP,
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priners bindj ng tat feast ont detectabler eleinestp and/or Cscparation celoméntd eviefsbyegach t 0

e 00 e il P BHE "Gt Bk Shigior » semsration gement &t AoRasition,
their di ff ecmnplempntary tccspdlspnuﬁbemcleoudseqwasacm aidetactablen ad/ox sepadtatibn

primer inclyy gﬂ?ﬁﬂcﬁe@k&{m hg@ﬁl?,/l ( ration el enent; c)
o-a fractl

separating any ext en pr| mers._ I nt ere| n said fraction does

not have detectab??® el efekit fo5tdstecting whether gaﬁmc@étmds PIdases IS ahi )
det er mi ni nopigilBeposifion RXd QRATSL RAVARIGHA SeqBbRRan'a titchiflbnipiiig: On DY
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- of at |east spaaﬁcoﬁolyhmlebﬁdeesaqnémpwhefeim sqid | primer! bintls de ey o saids specifiai d
oo eSO b e By SRR, B, Pl e o
poI ynucl eot theee is aquinicceningsequente hetweendhe particular position and primer bound to the
specific polynucleotide sequence;
b) a polymerase enzyme for extending the oligonucleotide primer;
c) one nucleotide’selected from the group consisting of dATP, dCTP, dGTP,
dTTP, dUTP, dITP, ddITP, ddATP, ddCTP, ddGTP and ddTTP with the proviso that
said nucleotide is selected whereby bound primer is only extended up to and including
said specific nucleotide or base when said specific micleotide or base is at the particular
position in the specific polymucleotide sequence with the proviso that the intervening
sequence cannot be one where bases or nucleotides complementary to the intervening
sequence and which are incorporated into the extended primer cause incorporation of an
interfering detectable and/or separation element; and
d) a detectable element and/or separation element whereby extended primer has a
detectable element and/or a separation element at a position complementary to said
specific nucleotide or base and a detectable and/or separation element optionally
attached to the oligonucleotide primer.

40. A kit for detecting whether the same or different specific nucleotides
or bases are at particular positions in at least two different specific polynucleotide
sequences in material having a plurality of different polynucleotide sequences
comprising:

a) at lease two different oligonucleotide primers each of said p.rimers having a
sequence complementary to part of one of said specific polynucleotide sequences
wherein each of said primers binds to its complementary polynucleotide sequence when
present in said material each of said oligonucleotide primers binding to part of a
different specific polynucleotide sequence to that of the other primer(s) and wherein
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43, A screening nmethod for detecting whether the same or different
specific nucleotides or bases are at particular positions in at |east two
.different specific polynucl eotide sequences in material having a plurality
of different polynucl eotide sequences conprising: a) exposi ng said
material to at least two different oligo®icleotide prinmers each of said
different oligonucleotide priners having a sequence conplenentary to part
of one of sedcH ofi §die rpeimers fhindsf foc itp @biplenientiry dpecific) polymasleutide séquenec in of

resent i Suf iAoy St RERLG RHCARY 1 e AR pRIGE WABRES, MaRls on
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priner(s) yHREERIR seqtehc®f said prinmers binds to its conplenmentary
specific po ﬁnucl eot] de sequence jn said material inmmediately adjacent to
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sequences. element optionally attached to the ohgonucleoude primer.

41. An apparatus for performing the method of any one of claims 1 to 8
comprising:

a reactor;

means for adding oligonucleotide primer and reagents for extending said
primer to said reactor, said means for adding being operatively associated with the
reactor;

means for separating extended primer into at least on fraction(s) and for
holding said fractmn(s), said means for separating being operatively associated with the
reactor; and

a detector for detecting the presence of any extended primer(s) in said
fraction(s), said detector being operatively associated with said means for separating.

42. A screening method for detecting the presence of at least two different

specific polynucleotide sequences in material having a plurahty of different
polynucleotide sequences comprising:
a) exposing said material to at least two different oligonucleotide primers each of
said different oligonucjotide primers having a sequence complementary to part of one of
said different specific polynucleotide sequences wherein each of said primers binds to
part of one of said different specific polynucleotide sequences when present in said
material each of said oligonucleotide primers binding to part of a different specific
polynucleotide sequence to the other of said oligonucleotide primer(s).
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- 53 - 44. A screening nethod for detecting whether the sanme
or different specific nucleotides or bases are at particular positions in
sat least two different specific polynucleotide sequences in nateri al
having a plurality of different polynucleotide sequences conprising: a)
exposing said material to at |east two di¥¥erent oligonucleotide primers
each of said different oligonucleotide priners having a sequence
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sequences. said oligonucleotide primers binding to part of a different specxﬁc polynucleotide

sequence to that of the other primer(s) and wherein each of said primers binds to its
complementary specific polynucleotide sequence in said material immediately adjacent
to the particular position;

b) extending said different oligonucleotide primers bound to their complementary
polynucleotide sequences with the proviso that each of the bound primers is only
extended up to and including the particular position when said specific nucleotide or
base is at the particular position in the specific nucleotide sequence wherein each of
said extended primers has a detectable element and/or a separation element at a position
complementary to said specific nucleotide or base;

c) separating any extended primer(s) which has extended only up to a specific
nucleotide or base at a particular position into a fraction wherein said fraction does not
have detectable element not included in said extended primer; and

d) determining whether at least one extended primer is present in said fraction by
assaying said fraction for all of said extended primers wherein the presence of an
extended primer indicates that at least one specific micleotide or base is at a particular
position in a specific polynucleotide sequence and the absence of all said extended
primers in said fraction indicates that at least one specific nucleotide or base is not at a

particular position in any of the different specific polynucleotide sequences.
Rl
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44, A screening method for detecting whether the same or different
specific nucleotides or bases are at particular positions in at least two different specific
polynucleotide sequences in material having a plurality of different polynucleotide
sequences comprising:

a) exposing said material to at least two different oligonucleotide primers each of
said different oligonucleotide primers having a sequence complementary to part of one
of said different specific polynucleotide sequences wherein each of said primers binds
to its complementary polynucleotide sequence not immediately adjacent to the particular
position whereby there is an intervening sequence between the particular position and
primer bound to the specific polynucleotide sequence when present in said material each
of said oligonucleotide primers binding to part of a different specific polynucleotide
sequence to that of the other primer(s);

b) ~  extending said different oligofiGledtide primers bound to' their- complementary
polynucleotide sequences whetein each of the bound primers is only extended up to and-
including the particular position ‘when said specific mucleotide or base is at the
particular position in the specific nucleotide sequence wherein each of said extended
primers has a detectable element and/or a separation element at a position
complementary to said specific nucleotide or base with the proviso that the intervening '
sequences cannot be ones where bases or nucleotides complementary to the intervening
sequences and which are incorporated into the extended primer(s) cause incorporation
of interfering detectable and/or separation element(s);

©) separating any extended primer which has extended only up to a specific
mucleotide or base at a particular position into a fraction wherein said fraction does not
have detectable element not included in said extended primers; and

d) determining whether any extended primers are present in said fraction by
assaying said fraction for all of said extended primers wherein the presence of an
extended primer indicates that at least one specific nucleotide or base is at a particular
position in a specific polymucleotide sequence and the absence of any extended primer
indicates that a specific nucleotide or base is not at a particular position in any of the
different specific polynucleotide sequences.
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DETECTION OF A NUCLEIC ACID SEQUENCE OR A CHANGE THEREIN
ABSTRACT

A method for detecting a specific polynucleotide sequence in a material is disclosed.
The method includes exposing said material to an oligonucleotide primer having a sequence
complementary to part of said specific polymucleotide sequence wherein said primer binds to
part of said polynucleoude sequence when present m said material. Primer bound to the
polymxcleoude sequence is extended wherein any extended pnmer mclud&e a detectable
element and/or a separation element. Any extended primer is then separated into a fracuon
wherein said fraction does not have detectable element not included in said extended primer.
One then determines whether any extended primer is present in said fraction by assaying said
fraction for said extended primer wherein the presence of said extended primer is indicative of
the presence of the specific ﬁolynucleotide sequence in said material and the absence of said
extended primer in said fraction is indicative of the absenée of the specific polynucleotide
sequence in said material.
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