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BACKGROUND OF THE INVENTION

In vitro nucleic acid amplification techniques ~have provided powerful tools for
detection and analysis of small amounts of nucleic acids. The extreme sensitivity of such
methods has lead to attempts to develop them for diagnosis of infectious and genetic diseases,
isolation of genes f0f analysis, and detection of specific nucleic acids as in forensic medicine.
Nucleic acid amplification techniques can be grouped according to the temperature
requirements of the procedure. The polymerase chain reaction (PCR; R. K. Saiki, et al. 1985.
Science 230, 1350-1354) , ligase chain reaction (LCR; D. Y. Wu, et al. 1989. Genomics 4,
560-569; K. Barringer, et al. 1990. Gene 89, 117-122; F. Barany. 1991. Proc. Nail. Acad.
Sci. USA 88, 189-193) and transcription-based amplification (D. Y. Kwoh, et al. 1989. Proc.
Natl. Acad. Sci. USA 86, 1173-1177) require temperature cycling. In contrast, methods such
as strand displacement amplification (SDA; G. T. Walker, et al. 1992. Proc. Natl. Acad. Sci.
US4 89, 392-396 and G. T. Walker, et al. 1992. Nuc. Acids. Res. 20, 1691-1696, both
disclosures being incorporated herein by reference), self-sustained sequence replication (3SR;
J. C. Guatelli, et al. 1990. Proc. Natl. Acad. Sci. USA 87, 1874-1878) and the QP replicase
system (P. M. Lizardi, et al. 1988. BioTechnology €, 1197-1202) are isothermal reactions.
In addition, WO 90/ 1006__4 and WO 91/03573 describe use of the bacteriophage phi29
replication origin for isothermal replication of nucleic acids.

A variety of methods have also been developed to detect and/or measure nucleic acid
amplification. For the most part, these methods are primer-based, meaning that they depend -

on hybridization of a primer to the target sequence, in some cases followed by extension of the
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to produce biotin-containing amplification products. These amplicons can then be hybridized
to a second probe containing a fluorescent dye or other reporter group. The hybridized
complex is then selectively isolated from other components of the reaction mixture by affinity-
based immobilization of the biotin-containing complex and is detected by means of the reporter
group. Laongiaru, et al. (1991. European Patent Application No. 0 420 260) describe a
similar use of biotin-containing PCR amplification primers conjugated to fluorescent dyes for
detection of PCR amplification products. The amplicons containing the primers are separated
from unextended primers on the basis of size, and multiplex amplification was detected using
different fluorescent dyes on two amplification primer sets. Kemp, et al. (1989. Proc. Natl.
Acad. Sci. USA 86, 2423-2427; 1990. PCT Patent Applicatidn No. WO 90/06374) describe a

method for capturing amplified DNA by incorporation of one modified amplification primer
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and use of a second modified amplification primer as a means for detection. The Kemp
"capture primer" contains a 5' tail which is the single stranded form of the recognition sequence
for the double-stranded DNA binding protein GCN4. - The Kemp "detector primer” includes a
biotin moiety on its 5' end. The amplified product is immobilized by binding to the double-
stranded GCN4 recognition sequence ggnerated by amplification using the capture primer.
The biotin moiety introduced by the detector primer is bound to an avidin-peroxidase complex
to provide colorimetric detection of the immobilized PCR amplification product. Wahiberg, et
al. (1990. Proc. Natl. Acad. Sci. USA 87, 6569-6573) report a similar method in which one
PCR amplification primer is biotinylated and the other contains a 5' tail encoding the E. coli lac
operator sequence. Double stranded amplification products are immobilized by binding to
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5 and the double-stranded binding protein provides colorimetric detection. This suggests that
the two methods could be combined by using two amplification primers, each with a §' tail
encoding the recognition sequence of a different double-stranded binding protein. Amplified
products could then be immobilized by binding to one double stranded binding protein and
detected by binding to the other. C. A. Vary (1992. Clinical Chemistry 38, 687-694; 1992.

10 PCT Patent Application No. WO 92/11390) describes the use of amplification primers
containing 5' tails which form hybridization sites for a third oligonucleotide when incorporated
into otherwise double-stranded amplicons.- Hybridization of one tail was used to capture. the
amplified product and the other was used to detect it by hybridization to a probe conjugated to
a fluorescent dye.

15 All of these primer-based methods of detecting PCR amplification products require two
amplification reactions to achieve high sensitivity, i.e., detection of fewer than 100 copies of
the target sequence. That is, a first amplification of the target sequence is followed by a
second amplification using nested primers incorporating the desired modifications for capture
and/or detection. Two consecutive amplifications in this manner are needed to avoid

20 unacceptably high levels of background signal produced by amplification of non-target DNA
spuriously primed with the modified, signal-generating primers. This feature of the prior art
methods makes them time-consuming and cumbersome, and-the advantages of primer-based
detection methods are therefore often offset by the requirement for a second consecutive
amplification reaction.

25 Non-specific amplification of DNA would be expected to present particular problems
for primer-based detection of amplification products in SDA reactions because these

amplifications are carried out at a relatively low temperature (about 37°-40°C) which would
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SUMMARY OF THE INVENTION

10
The instant invention provides methods for detecting, immobilizing (capturing) or
localizing primer extension producté of an SDA reaction which are coupled to, and an
indication of, amplification of the target sequence. The primer extension products are
secondary, target-specific DNA products geherated during SDA of the target sequence and
15  can therefore be used to detect and/or measure target sequence amplification. The secondary
- products, however, are not amplifiable and remain inert in the SDA reaction after they are
formed without interfering with the exponential amplification of the target sequence. The
secondary product can be desxgned or modified to contain special features to facilitate its
detection, immobilization (capture) or localization. The inventive methods are useful for real-
20 time monitoring of SDA reactions, especially in situations where detection of target sequence
amplicons would interfere with further amplification or manipulation. The instant methods will
also be useful for detection of amplification products in fixed cells after in situ SDA, especially
when the secondary products contain 5' tail sequences to facilitate detection or localization of

amplification products.
25
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5  sequence using two signal primers. Fig. 1B shows the analogous process originating from the
complementary strand when the original target sequence is double stranded.

‘Fig. 2 illustrates the production of the secondary product using a single signal primer.

DETAILED DESCRIPTION OF THE INVENTION
10

The present invention is a method for detecting, monitoring or localizing amplification
products of SDA reactions by real-time primer extension. Amplification of a target sequence
by SDA is detected, monitored or localized by simultaneously ‘generating a secondary
amplification product, the production of which is tightly coupled to amplification of the target

15  sequence. This secondary amplification product is produced during the SDA reaction without
requiring any additional additional amplification steps or manipulations. Once génerated, the
secondary amplification product is inert in the-reaction mixture and does not interfere with or
inhibit ﬂormal SDA of the' desired target sequence. The methods are therefore useful for real-
time monitoring of SDA and detecting amplification of the target sequence, especially in

20 situations where detection of the amplified target sequence itself would inhibit or prevent
further reaction or manipulation of the amplicons.

The present invention provides a primer-based amplification detection method in which
the need for a second amplification reaction is eliminated. The method employs signal primers
which are similar to capture and.det.ectoi' probes and do not function as amplification primers

25. - in the SDA reaction. Consequently, any extension products formed through errant extension
of these signal primers on non-target templates cannot undergo subsequent amplification.

Because misprfihing tself is compatatwely rare, it is detectable only after subsequent
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An amplification primer is a primer for amplification of a target sequence by primer
extension. For SDA, the 3' end of the amplification primer (the target binding sequence)
hybridizes at the 3' end- of the target sequence. The amplification primer comprises a
10  recognition site for a restriction endonuclease near its 5' end. The recognition site is for a
restriction endonuclease which will cleave one strand of a DNA duplex when the recognition
site is hemimodified ("nicking"), as described by Walker, et al. (1992. PNAS, supra). A
hemimodified recognition site is a ‘double stranded recognition site for a restriction
endonuclease in which one strand contains at least one derivatized nucleotide which causes the
15 restriction endonuclease to nick the primer strand rather than cleave both strands of the
recognition site. Usually, the primer strand of the hemimodified recognition site does not
contain derivatized nucleotides and is nicked by the restriction endonuclease. Alternatively,
the primer may contain derivatized nucleotides which cause the unmodified target strand to be
protectéd from cleavage while the modified primer strand is nicked. The preferred
20  hemimodified recognition sites are hemiphosphorothioated recognition sites for the restriction
endonucleases HincIl, HindIl, Aval, Ncil and Fnud4HI. The amplification primer also
comprises a 3'-OH group which is extendable by DNA polymerase when the target binding
sequence of the amplification primer is hybridized to the target sequence. For the majority of
the SDA reaction, the amplification primer is responsible for expoﬁential amplification of the
25  target sequence. ' '
Extension products are nucleic acid;_s which comprise a primer and a newly synthesized

. strand which is the complement of the target sei1uence downstream of the primer binding site.
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amplification primer, such that extension of the bumper primer displaces the downstream
5  amplification primer and its extension product. Extension of bumper primers is one method for
displacing the extension products of amplification primers, but heating is also suitable.
Identical sequences will hybridize to the same complementary nucleotide sequence.
Substantially identical sequences are sufficiently similar in their nucleotide sequence that they
also hybridize to the same partially complementary nucleotide sequence.

10 The terms target or target sequence refer to nucleic acid sequences to be amplified.
These include the original nucleic acid sequence to be amplified, its complementary second
strand and either strand of a copy of the original sequence which is produced in the
amplification reaction. The target sequence may also be referred to as a template for extension
of hybridized amplification primers.

15 A signal primer is a primer which hybridizes to a target sequence downstream of an
amplification primer such that extension of the amplification primer displaces the signal primer
and its extension product. The signal primer comprises a 3'-OH group which can be extended
by DNA polymerase when the signal primer is hybridized to the target sequence. The signal
primer may be unmodiﬁed, e.g., for detection of secondary ampliﬁcation products based on

20  their size. Alternatively, the signal primer may include a reporter group or label, or a structural
feature to facilitate detection of its extension product.

Ampliﬁcatiod products, amplified products or amplicons are copies of the target
sequence generated by hybridization and extension of an amplification primer. This term refers
to both single stranded and double stranded amplification primer extension products which

25 contain a copy of the original target sequence, including intermediates of the amplification

reaction.
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In the methods of the invention, amplification primers for SDA. are hybridized to a
10  target sequence and the target sequence is amplified generally as described by Walker, et al,
1993 PNAS or Walker, et al. 1993 Nuc. Acids Res., supra. As described in these two
publications, the target sequence may be prepared for SDA either by restricting total DNA
with an appropriate restriction endonuclease (e.g., HincII) or by generating target fragments
having the appropriate restriction endonuclease recognition sites at the ends using bumper
15  primers and amplification primers. Prepared fragments containing the target sequence are then
amplified by SDA as described. However, the SDA reaction of the invention further comprises
at least one signal primer which results in simultaneous or concurrent generation of a
secondary amplification product for use in detecting, monitoring or localizing amplification
products produced by the SDA reaction. The secondary amplification products may also
20 | contain features which facilitate their capture or immobilization, so that they may be isolated
for detection, quantitation or further manipulation. The secondary amplification products are
produced in the SDA reaction by inclusion of at least one signal primer in the reaction mixture.
For certain applications, it may be preferable to include a pair of signal primers. The signal
primer or signal primers hybridize to the target sequence downstream of the hybridization site
25  of the amplification primers. They are extended by polymerase in a manner similar to
extension of the amplification primers. The signal primer hybridizes at a site in the target

sequence such that extension of the amplification primer displaces the extension product of the
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-group, label or affinity ligand. Alternatively, the 5' end of the signal primer may comprise a

5  sequence which does not hybridize to the target sequence but which contains special nucleotide
sequences (often involving structural features) which facilitate detection or capture of the
secondary amplification product. These chemical modifications and speciai sequences are
incorporated into the secondary amplification products when the signal primers are hybridized
and extended on a template. Examples of chemical modifications include affinity ligands {(e.g.,

10  avidin, streptavidin, biotin, haptens, antigens and antibodies) and reporter groups (labels, e.g.,
radioisotopes, fluorescent dyes, enzymes which react to produce detectable reaction products,
and visible dyes). Examples of special nucleotide sequences include (i) sequences which will
form a triple helix by hybridization of a labeled oligonucleotide probe to the double stranded
secondary amplification product, and (i) recognition sites for double-stranded DNA binding

15 proteins which become capable of binding the double-stranded DNA binding protein when
rendered double stranded during amplification (e.g., repressors, regulatory proteins, restriction
endonucleases, RNA polymerase). Nucleotide sequences which result in double stranded
restriction endonuclease recognition sites are a preferred structural feature for use in signal
primers, as subsequent restriction may be used to generate a secondary amplification product

20  which is recognizable by a characteristic size.

When the inventive methods employ two signal pﬁme;s which hybridize to opposite
strands of a double stranded target sequence, as illustrated in Figs. 1A and 1B, one of the
signal primers may containla special nucleotide sequence or chemical modification to facilitate
capture or immobilization of the secondary amplification product and the other may contain a

25  detectable reporter group or label for detection of the captured or immobilized secondary
amplification product. The use of labels and reporter groups for detecting nucleic acids as well

as the use of ligands, chemical modifications and nucleic acid structural features for capture or

10
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It is an important feature of the invention that the signal primers do not function as

amplification primers in the SDA reaction in which they are employed. Without wishing to be

10  bound by any specific mechanism by which the inventive methods work, Applicants believe it is

this feature which allows the signal primers to be added to the amplification reaction mixture

without promoting the high levels of background signal generated by other primer-based

methods. High levels of background signal are believed to be due to non-specific priming and

subsequent amplification of spuriously primed non-target DNA when the primers are capable

15  of functioning as amplification primers. The present invention therefore greatly simplifies the

procedures for primer-based detection methods, which previously relied on two consecutive

amplification reactions to attain high sensitivity and specificity, the second reaction being
performed with internally nestéd signal-generating amplification primers.

As stated above, nucleic acid fragments having appropriate restriction endonuclease

20 recognition sequences at the ends and containing the target sequence may be prepared for

amplification either as described by Walker, et al. 1992. PNAS, supra or as described by

Walker, et al. 1992 Nuc. Acids Res., supra. For simplicity, the illustrations of the inventive

methods in Fig. 1A, Fig. 1B and Fig. 2 begin with a nucleic acid fragment containing the target

~ sequence. If prepared according to Walker, et al. 1992. PNAS, supra, it represents restricted

25  double stranded DNA which has been denatured. If prepared according to Walker, et al. 1992.

- Nuc. Acids Res., supra, appropriate restriction endonuclease recognition sites are added to the

fragment according to- the disclosed t_ar‘gét generation scheme. It is believed that bumper,

11
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Dat e: 12 Ldigfeously generat;ng amplifiable target fragments and secondary amplification products.

S Fig. 1A and Fig. 1B illustrate one embodiment of the invention in which a pair of signal
primers are used for detecting amplification of a double-stranded target sequence (5'-A-B-C-D
/ 5-D'-C-B-A"). Fig. 1A illustrates the method of the invention for the first of the two
complementary strands of the target sequence (5-D'-C-B'-A"). The raised portion of the
amplification primers illustrated in Figs. 1A, 1B and 2 indicates a nickable restriction

10  endonuclease recognition site as described above and by Walker, et al. (1992. PNAS and Nuc.
Acids Res.). Long-raised portions illustrate full-length restriction éndonuclease recognition
sites and short raised portions illustrate partial restriction endonuclease recognition sites,
generally produced after nicking and displacing a strand. The nucleic acid fragments
comprising the target sequence may be generated either by endonuclease restriction of larger

15 nucleic acids (Walker, et al. 1992. PNAS, supra) or by target generation as described by
Walker, et al. (1992. Nuc. Acids Res., supra). However, for purposes of illustration and to
simplify the diagrams, Figs. 1A, 1B and 2I begin with the target sequence contained on a
nucleic acid fragment previously restricted with a restriction endonuclease which does not cut
the target sequence.

20 InFig. 1A, signal prirﬁer R-B is included in the SDA reaction mixture and hybridizes to
the target sequence downstream of a first amplification primer by hybridization of the B
portion of the signal primer to B'. The R portion of the R-B signal primer sequence includes a
reporter group or léb.el, or is a structural feature to facilitate detection or capture. R may or
may not hybridize, as discussed above, but is shown here as not hybridizing to clarify the

25  different functional features of the signal primer. For the purposes of this illustration, R will
contain a reporter group, but may contam other chemical modifications or structural features

as dxscussed above.  Both amphﬁcatlon pnmer A and s1gnal primer R-B are extended by DNA
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product. The Q-C' extension product is displaced by extension of the second amplification

primer. The displaced Q'-C' extension product (structure #2) then serves as a template for
hybridization and extension of R-B, resulting in a double stranded, target-specific secondary
10  amplification product (structure #3) which comprises the terminal segments (R and Q) of the
signal primers and -the internal segment B'-C' of the target sequence. As the secondary
amplification product does not contain nickable restriction endonuclease recognition sites, it is
not amplifiable in the SDA reaction and remains effectively inert throughout the remainder of
the amplification reaction, but additional copies of the secondary amplification product are

15  generated from the target sequence. |
Hybridization and extension of the second amplification primer (D'), in addition to
displacing the R'-B'-C'-Q' extension product, generates a double stranded fragment with the
R/R' sequence at one end and a hemimodified restriction endonuclease recognition site at the
other end (structure #4). This restriction endonuclease recognition site is nickable by the
20 restriction endonuclease present in the SDA reaction. The DNA polymerase present in the
SDA reaction can then initiate polymerization and displacement at the nick, resulting in the
illustrated R'-B"-C'-D' product comprising a portion of the restriction endonuclease recognition
site. This product can be made double-stranded by hybridization and extension of R-B
(structure #5). Althbugh cyclically repeating the nicking, polymerizing and displacing cycle
25 -amplifies this fragment at a linear rate, generally neither the single-stranded or double-stranded
product will be detectable by virtue of the absence of the Q/Q' portion containing the

modification or sequence to facilitate capture. If the functions of Q/Q' and R/R' are reversed,
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be detected by gel electrophoresis and autoradiography.
Fig. 1A also shows how extension 6f the first amplification primer on the target
sequence, in addition to displacing the extension product of R-B, generates the double-

10  stranded target sequence with the hemimodified, nickable restriction endonuclease recognition
site which is required for amplification of the target sequence by SDA (structure #6). These
reaction products enter the conventional SDA reaction and are amplified. Formation of the
secondary amplification product is therefore tightly coupled to amplification of the target
sequence and is useful to monitor whether or not amplification has taken place as well as to

15  provide a measure of target amplification. In spite of the tight linkage of generation of the
secondary amplification product and generation of amplification products, however,
amplification of the target sequence is not inhibited provided essential reaction components are
present in excess. In addition, amplified target sequences may also bind signal primers,
resulting in generation of additional copies of the secondary amplification products.

20 Fig. 1B illustrates generation of secondary - amplification products from the
complementary second strand of the double-stranded target sequence (5-A-B-C-D). In
general, the reaction steps for the complementary second strand are similar to those for the
first strand. However, the second amplification primer (D) and signal primer C'-Q' hybridize
first to the complementary strand and are extended. The first amplification primer (A) and

25  signal primer R-B then hybridize to the displaced extension product of C-Q' (A-B-C-Q,
structure #7) and are extended to produce R-B-C-Q (structure #8). Hybridization of Q-C' to

R-B-C-Q and extension results in the double stranded secondary amplification product R-B'-
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partiall y 1&@&&3) £fplied by nMng PO HE AR placing (structure #10). The displaced single

5  strand of this linear amplification becomes double stranded by hybridization and extension of

"Q-C' (structure #11). Generally, neither the single or double stranded reaction products of this

linear amplification are detectable due to the absence of either tﬁg reporter group or the

capture group.' They are not further amplifiable because they ‘lack an intact restriction

endonuclease recognition site. However, if Q comprises a reporter group which is detectable

10  independent of capture (e.g., a fluorescent label or a radioisotope as described above),
structures #10 and #11 will also be detectable.

Detection specificity will generally be improved when two signal primers are employed
as in Fig. 1A and Fig. 1B, but a single signal primer may also be used. This method is
illustrated in Fig. 2. In this case, the signal primer may contain either a capture group or a

15  reporter group, and the target sequence itself or an amplification primer may optionally provide
a second capture or reporter group. Alternatively, when both 2 capturé and reporter group are
required, the signal bﬁmer may contain both a capture and a reporter group which act in
conjunction only when the signal oligonucleotide becomes double-stranded. This structure is
formed only when the presence of target sequences induces priming, extension, displacement

20  and re-priming as shown in Fig. 2. Such bi-functional signal primers may also form the basis
for a variety of homogeneous detection methods such as fluorescence anisotropy or
fluorescence energy transfer.

To generate secondary amplification products using a single signal primer according to
Fig. 2, a first amplification primer (A) and the signal primer R-B are hybridized to a single

25  stranded target sequence A'-B-C-D'. Both primers are extended, and extension of the first
amplification primer displaces the extension product of signal primer R-B (R-B-C-D),

producing structure #1. As there is n6 ‘second signal primer, only the second amplification

15
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detectable only in double stranded form or by virtue of R when the reporter group is detectable

alone. When detection of the reporter group does not require double-strandedness (eg.,.a
fluorescent label), structures #1, #2 and #3 are detectable as secondary arnpliﬁcation products.
10 |
EXAMPLE 1

The real-time detection of amplification of the instant invention was compared to
conventional post-amplification detection of amplified target sequences. Fragments of the

15 IS6110 sequence of Mycobacterium tuberculosis (M.tb) were amplified in SDA reactions
performed essentially as described by Walker, et al. (1992. Nuc. Acids Res.), except that each

60 uL reaction mixture contained 0.2 pg of human placental DNA and varying amounts ef
genomic M.tb DNA. Amplification primer sequences (S; and S;) and bumper primer
sequences (B; and B,) were also as in Walker, et al. (1992. Nuc. Acids Res.) For the

20  amplification reactions incorporating signal primers, the 32P-labeled signal primer 32P-
CGTTATCCACCATAC (SEQ ID NO:1) was added to the reactions prior to amplification at a

final concentration of 60 nM. Predicted secondary amplification products produced in these
reactions were 35 and 56 nucleotides in length. For post-amplification detection of amplified
target sequences, one-tenth of the reaction mixture was used to detect amplification products

25 by primer extension of SEQ ID NO:1 as described by Walker, et al. (1992. Nucl. Acids. Res.,

supra), producing extension products.either 35 or 56 nucleotides in length.
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genomic DNA was detected using the signal primer according to the invention. Also, the

5 signal intensity decreased with decreasing target levels, indicating that the levels of secondary
amplification product reflect the dégree of target sequence amplification. The real-time
extension of the signal primer appeared on the gel to be several fold less sensitive than the
coﬁventional post-amplification primer extension method, possibly because the 32P-labeled
signal primer was present during SDA at concentrations about 10-fold less than the SDA

10  primers. If SDA primers are extended on the target sequence before a signal primer binds and
is extended, no signal will result. Thus, higher concentrations of signal primer should increase
the method's sensitivity by improving hybridization kinetics for the signal primer. Higher signal
primer concentrations are therefore preferred when reaction products are separated for
detection, but the concentration of amplification primers may be kept similar to the

15  concentrations used in conventional SDA. However, lower signal primer concentrations are
preferred to keep background low for homogeneous detection methods such as fluorescence
anisotropy. The lower concentrations of signal primer are preferably used with lower
concentrations of polymerase and the amplification primer which hybridizes upstream of the
signal primer than is customary in conventional SDA. This experiment also demonstrated that

20 the presence of the signal primer in the amplification reaction mixture does not lead to
signficant levels of background signal. In fact, background signal levels appeared to be lower
in samples detected by real-time signal-primer extension as compared to post-amplification

primer extension.
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anplification products produced by the SDA reaction. The secondary
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capture C;xrumiama?ciellitialzg%iA? r;ﬁe isncc)iictathe?itarr&or&i%/ ofr'rgzlongsle;szodleggiggt Klenow (United States

Biochemicals), 150 units HincII (New England Biolabs). Reactions were run for the indicated

time at 41°C. SDA reactions contained varying amounts of M.tb DNA; which contains the

10 IS6110 target sequence for amplification. The S; amplification primer sequence, the By

bumper primer sequence and tl_le B, bumper primer sequence used were as described by

Walker, et al. (1992. Nuc. Acids Res., supra). The S, amplification primer (SEQ ID NO:2)

had the target binding sequence and HinclI site disclosed by these authors, but comprised a

different sequence at the 5' end. The amplification primers hybridize to nucleotide positions

15 972-984 and 1011-1023 of the IS6110 sequence. The bumper primers hybridize to nucleotide

positions 954-966 and- 1032-1044. Secondary amplification products were visualized by

autoradiography after electrophoresis on denaturing polygqrylanﬁde gels.

SDA reactions were performed for 3 hrs. in the presence of 0.1 nM of a 5'-32P-labeled

signal primer (SEQ ID NO:3). This signal primer is 28 nucleotides in length and hybridizes to

20 nucleotide positions 985-1012 of the IS6110 target sequence, between the amplification

primers. S; and S, were present at 180 and 30 nM, respectively. Exonuclease deficient

Klenow was used at 0.25 units. Samples 1-4 contained 100, 10, 1 and 0 M.tb genome

molecules, respectively. During the SDA reaction, SEQ ID NO:3 is extended by polymerase

to a length of 44 nucleotides using the target sequence as a template. As discussed above, this

25  template is most likely primarily the displaced, amplified target strand generated during SDA,

but concurrent extension of the bumper, amplification and signal primers on the original target

sequence has not been ruled out and would be expected to occur as well. The 44-mer is

18



for. detection, quantitation or further manipul ation. The secondary | :
anpl i f.i cat%mwa&nﬂzeﬂa@d produced in the SDA-eaetiR—hy-—tneloay M28X1 at

| east one s n the reaction m xturg TH®ISHEET HASBEEII cat i ons,

it may be IO g‘mm !Incl ude a pair of signl prlmlsACMe Si i | primer
or signal priners ridize to the target SequerEe—gov

hybri di zation site of the anp |If|%t|0n priners. They ar e, ext.ended b
8 'ilfc&mnﬂml%a)s

pﬁ| ymer as@sn laped fmﬁb tags?ﬁ Jegyence, mxparﬁdhe PRI ATP g(g :{}.

TeS|gn ]agrrg {I Iéll% " g e
<l of s Aarme obBeE wb?cﬁ i e

the - RepL FTEgEhg?%ggET bt '@pq LG e i et

| east the %ub (b éne§|'§ﬁ%lfnes % 3 a sequence which Erﬁl | zes -

to the taﬁag agf" %*h@?ﬁ@am;[ NoGitd Weré 'oggal/edo bhiffSh (HRYprodenks G4 M.t RBrget

target se
5  sequence (samples 1-3), indicating signal primer extension and transformation to double

stranded form.

The preceding SDA reactions were repeated in the presence of 0.1 nM (samples 1-3) or
1 nM (samples 4-6) of a 5'-32-P-signal primer which was 15 nucleotides in length (SEQ ID
NO:4). This signal primer hybridizes at nucleotide positions 999-1013 of the ISGIIO.target

10  sequence, between the amplification primers. S; and S, were ﬁsed at 500 nM.  Two units of
exonuclease deficient Klenow were used and SDA was performed for 2 hrs. The three
nucleotides at the 5'-end of SEQ ]D NO:4 and the three nucleotides at the 3'-end of SEQ ID
NO:2 (the S, amplification primer) are identical and therefore compete for the same 1S6110
binding site. Samples 1 and 4 contained 10000 M.tb genome molecules while samples 2 and 5

15 contained 100 genome molecules. Samples 3 and 6 did not contain M.tb DNA.

During the SDA reaction, 45-mer and 66-mer secondary products are produced when
the target sequence is amplified. They were observed only in the presence of M.tb DNA,
indicating extension of the signal primer and transformation into double stranded form
(samples 1, 2, 4 and 5). In the absence of M.tb DNA (samples 3 and 6), no radiolabeled

20  products were seen. More sensitive detection was obtained when using a concentration of 1
nM of signal primer (samples 4-6) as compared to 0.1 nM, most likely due to more favorable
hybridization kinetics for the signal primer and improved thermodynamic stability of the signal
primer/target sequence hybrid during SDA.

SDA was repeated in the presence of 0.1 nM of a 5'-32P-labeled signal primer which

25  was 42 nucleotides in length (SEQ ID NO:5). The 26 nucleotides at the 3'-end of the signal
primer (the target binding sequence) hybridize to the IS6110 target sequence at nucleotide

positions 985-1010, between the amplification primers. 5' to the target binding sequence isa
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recognition site at the 5'-end of the signal primer becomes cleavable by HincIl upon formation

of the double-stranded 79-mer. That is, in the double-stranded 79-mer, both the strand

10  comprising the original signal primer and the strand formed through polymerase extension
using dGTP, dCTP,-TTP and dATP«S are cleavable. HinclII does not cleave the signal brimer
in its original single-stranded form. Cleavage of the double stranded 79-mer during the SDA
reaction produces a 5-32P-labeled 13-mer which is detectable as a secondary amplification
product.

15 58-mer and 79-mer primer extension secondary amplification products and the 13-mer
cleavage secondary amplification product were observed only in the presence of M.tb target
DNA (samples 1-3), indicating extension of the signal primer and transformation to double-
stranded form. In the absence of M.tb DNA no secondary amplification products (extension
products or cleavage products) were observed.

20 SDA was repeated in the presence of 0.1 nM of a 5'-32P-labeled signal primer which
was 33 nucleotides in length (SEQ ID NO:6). The 26 nucleotides at the 3'-end of the signal
primer (the target binding sequence) hybridize to the IS6110 target sequence at nucleotide
positions 985-1010, between the amplification primers. 5' to the target binding sequence is a
recognition site for the restriction endonuclease EcoRL. S; and S, were present at 180 and 30

25 M, respecﬁvely. Exonuclease deficient Klenow was used at 0.25 units. SDA was performed

| for 3 hrs. S_amples 1-4 contained 100, 10, 1 and 0 M.tb genome molecules. After SDA, 20

20
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primer (S{), forming a double-stranded 70-mer after extension by polymerase. The EcoRI

recognition site at the 5'-end of the signal primer becomes cleavable by EcoRI upon formation

of the 70-mer and addition of EcoRI. EcoRI cleavage of the double-stranded 70-mer produces

a cleavage product which is a 5'-32P-labeled dinucleotide. This dinucleotide is detectable by
10  autoradiography as a secondary amplification product. |

49-mer and- 70-mer extension products and the dinucleotide cleavage secondary
amplification product were observed only in the presence of M.tb target DNA (samples 1-3,
indicating extension of the signal primer and transformation to double-stranded form. In the
absence of M.tb DNA no secondary amplification products (extension products or cleavage

15 products) were observed.

The 32P-dinucleotide cleavage product was alternatively detected by liquid scintillation
counting. SDA was repeated in the presence of 0.5 nM 5'-32P-labeled SEQ ID NO:6 signal
primer. Prior to its use in SDA, the 32P-labeled signal primer was purified away from the
gamma-32P-ATP used in the kinase labeling reaction by denaturing gel electrophoresis. S; and

20 S, were present at 180 and 30 nM. Exonuclease deficient Klenow was used at 0.25 units.
SDA was performed for 3 hrs. Samples 1-7 contained 105, 104, 103, 102, 10, 1 and 0 M.tb
genome molecules. After SDA, 40 units of EcoRI were added to each SDA reaction and the
samples were incubated at 37°C for 30 min.

A }2.5 ul aliquot from each 50 yl SDA reaction was diluted to 75 pl in 20 mM TRIS-

25 HCL (pH 7.4), 50 mM KCl, 5 mM MgCl,. Each of these samples was then filtered using a
MICROCON-10 microconcentrator (Amicon, Beverly, MA) and 32P activity was detected in

the filtrate and on the filter by liquid scintillation counting. The results are shown below:
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REPL ACENENGheey T Date:12 DEC 1995 immobilization of nucleic acids is -
wel | kno G cAaReplacad t er nat.i vel y, the signa Loel npoRH282kd,
i.e., W M groups, capture groups off & Hr

facilita r capture of the secondarly anplpggiGiggn Prgducts.

Ad GEENTES O
The secondary anplification products may then b i their
‘si.ze, e.g., by gel electrophoresis and ethidiumbromde staining. Al of
t hese net hods are usef ule in the present invention_and one skilled in the
art can routinely s appr’&fﬁﬂé?@ met h&Htateor &I@T(W"§ny particul ar
anplification assay system MibGenemei npor(cpm} feature of the invention
that the signal priners do ndviofegules i on as anplification prinmers in the SDA
reaction in which they are enployed. Wthout w shing to be bound by any
speci fi ¢ mechani sm by lwhi ch t hel®nventi ve 1388 0ds \/\84,&92 Applicants believe
It is this feature which allows the signal priners to be added to the
anplification reacti o® mixture Wthout prd@B@8%ng t hd9.89%Qh | evel s of
background si gnal gen%rat ed by %3}1er pri meg-o(t))g\sed

50,739
4 102 6,689 52,712
5 10 3,153 57,732
6 1 2,072 55,835
7 0 2,120 57,995

The 32P-dinucleotide released by EcoRI cleavage of the double-stranded 70-mer

extension product is small enough that it passes through the MICROCON-10 filter, while the

5 larger initial 32P-labeled 33-mer signal primer and 32P-labeled 49-mer extension product are
retained on the filter. Using this filtration detection method, the IS6110 target sequence could

be detected in a sample which contained as few as 10 M.tb genomes prior to SDA.

EXAMPLE 3
10
Two signal primers, one modified to facilitate capture and one modified to facilitate
detection, were used to generate secondary amplification products in an SDA reaction. In this
experiment, one signal primer had an affinity ligand (Q', three biotin moieties) attached to its 5'
end and the second signal primer was 5'-end labeled with a reporter group (R, a 32P-containing
15  phosphate group). Thus, double-stranded secondary amplification products which comprised
both the reporter group and the affinity ligand (such as structure #3 and structure #9 of Fig.
1A and Fig. 1B) could be captured and detected. In this example, streptavidin coated magnetic
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/_7 .
met hods. Hi. I o8 ﬂg]abeackg'round signal are Rpelieved to be due to
non- speci Thi et%\‘{seé 1 subsequent anplifi cat’ ] : B | Pe2iR21
mamm rinmers are capabl e of _ ol i fication

. non-target )
prinmers., T ntion therefore greatisy , fir ocedur es
for prinmer-based detection nethods, which previously relied on tTwo '

ti | ificati t to attai hi gh Jtivi
Cpoci 11 ol tipadt REre,UER 0 SRR Al SEBIAYG ureeondact MIPLAEATRR AFRAIFES hish ware

si gnal - generati.n | Lfiscation priners. As stated above, nucleic acid

f ragnment sqﬁ%ﬁ&ﬁ'ﬁg%\%@)%b'}tﬁllgﬁ%n ?oélé‘ﬁ? "ction endonucl ease recognition sequences
at the ends andg:¢ LAokag..t t . .
anplification ceilsltg gﬁagg klgr{e]asl- ri eé%&gx;’; R}éﬁﬁg‘??&&ugg‘%‘, @@9&&%&&%3‘3&@5 Oo'r7 as

descri bed I 2 ' : Si | EdrldMn
CRoCT| Dod s, htietted 8h o ApdiRI BIMenfio DIGA %"Sﬁ‘%gﬁ a‘ilz?l?.g OB i %’g&dz

begi n wi t piRsphérariidite Sltdntlsthy. TDREMEtrRSHE Hab kHitd JsbiPtd AfaER three BiotiA gPoupk fto the
prepared according to Wal ker, et al. 1992. PNAS, supra, it represents

restrict edpligomidiedtidt birthled skddbssivaicotiplihas vAREBIOTNAOM shidspHorarniditg Cledetech).
according to Wal ker, et al. 1992. Nuc. Acids Res., supra, appropriate

restricti ciollendig syitiesise the oligorucleotide wag sdepratectedidg treattmbnt with concentrated

ammonia and purified by denaturing gel electrophoresis. The biotinylated signal primers with
attached affinity ligands for capture of the secondary amplification products are referred to as
10  capture signal primers and, for the purposes of this example, are analogous to the Q'-C' signal
primer of Fig. 1A and Fig. 1B wherein Q' comprises biotin. '
To prepare 32P-labeled signal primers, -oligonucleotides SEQ ID NO:1 and SEQ ID
NO:8 were labeled with radioactive phosphate as described by Walker, et al. (1992. Nucl
Acids Res., supra). The radiolabeled signal primers are referred to as detection signal primers
15 and, for the purposes of this example, are analogous to the R-B signal primer of Fig. 1A and
Fig. 1B wherein R comprises a radiolabel. In the experiment, one of these two detection signal
primers was used in conjunction with the capture signal primer to generate secondary
amplification products.
SDA was carried out essentially as described by Walker, et al. (1992. Nucl. Acids Res.,
20  supra) with the following modifications. Amplification primers were SEQ ID NO:9 and SEQ
ID NO:10 (analogous to A and D' in Fig. 1A and Fig. 1B). These primers amplify a 103
nucleotide fragment (nucleotide positions 944-1046) of the IS6110 insertion element of M.tb.
Each 50 pl reaction contained the following components: 45 mM KjPOy4, pH 7.5; 6 mM
MgCl,; 0.1 mg/ml acetylated BSA; 12% dimethylsulfoxide; 0.5 mM dUTP; 0.2 mM each
25 dCTP, dGTP, dATPaS; 500 nM amplification primers; 50 nM bumper primers (SEQ ID
| NO:11 and SEQ ID NO:12); 75 nM detection signal primer and capture signal primer (SEQ ID
NO:1 and SEQ ID NO:7 or SEQ ID NO:8 and SEQ ID NO:7); 100 ng human placental DNA,
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fragrrent arm@h&tﬁ $i scl osed target generation schene, S
bel i eved th gﬁarrpl ification and si g —- P-2821
si mul taneou 0 a target sequence |jrFH!¥ gl J6dm gENerjiat i on

schene of er et aI (1992, Nuc. Acids Res : =
upstream pri ner d| spl aC| ng the extension produC’f’"‘"ﬁ the dovvnst r eam pri mer
and si mul 4 I I t
anplificat ?gﬁlﬂ‘?ﬁo uc %i‘g a&%fgﬁa{gi}b fié&tglelfgt r@?ﬂ&%r@q | %%1?@%
t he inven g{zt‘p;g r |
anplifi catgl ‘(S:)Egl g%amc?@ lg?/gp gt?rr:%r%e etgg‘? ghet q%é’%@%&?égw% insé:Og%} B Wb
5' -D -C Bgefome. Fig. 1A illustrates the method of the invention for the
first of the two conplenentary strands of the target sequence
(5'-D -G B - A All fea@ionadongsbnBts, &xespta¥igChe Hidal hid petyinerasqrwere assembled and
“illustrated in Figs. 1A, 1B and 2 |nd| cates a nickable restriction
endonu§| ealsemixtwres wetd lsateli toed 586 foesvy mirmtesa iThecsamples lwerd/ ek placee in alwater
(1992. PNAS and Nuc.

bath at 40°C for two minutes, 3 pl of 0.1 M MgCl, were added to each sample and the

samples were mixed. Three ul of an enzyme mixture containing 50 units/ul HinclI, 0.833
units/ul polymerase and 50% (v/v) glycerol were added and the samples were incubated at
40°C for 2 hrs.

10 After incubation, a 5 ul aliquot of each reaction mixture was analyzed by denaturing gel
electrophoresis. Because detection on gels requires only the bresence of R, various products
appeared in the range of 50-120 nucleotides for samples containing genomic M.tb DNA.
These bands were absent in reactions lacking M.tb DNA, indicating that the reaction products
in this size range were target-specific. The secondary amplification products predicted for this

15  example, determined by calculation of the known sizes and binding positions of the signal
primers according to the reaction scheme outlined in Fig. 1A and Fig. 1B, are shown in the
following Table. As can be seen from Fig. 1A and Fig. 1B, structure #3 (in single-stranded
form on denaturing gels) contains R and is detectable. In addition, the detectable single strand
of structure #3 is identical to structure #2 and to the detectable single stmd of structure #9.

20  These secondary amplification products are therefore indistinguishable on the gel. Structure
#4 and structure #5 (also in single-stranded form on denaturing gels) are also detectable by

virtue of the presence of R.
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Aci Tifis SRes His B lacdg@i sed portions illustrate full-length restriction

endo Ition sites and short raised LRI NP Tie paggal
rest ”lgllgmﬂﬂ"m EI ease recognhition sites, gen PQ‘I" f;'] : géga'?t!i'er _
ni ck ing a strand. The nucleic ac ' ri;si ng the
target sequence may be generated either by endonucl ease restriction of

| arger nucleic acids (Wal kEXPESTED SECONDARYXEROBUGTSSIZES by t arget
generation as described by Wl ker, et(natleot{de®3i¥) Nuc. Acids Res., supra).
However, for purposes of illustration and to sinplify the diagrans, Figs.
1A, 1B and 2 b e (Figt hea t sequence ¥@diabeledSignal Brimerc| ei ¢ aci d
fragment previously restricted with a restriction endonucl ease whi ch does
not cut the target sequence. In Fig. 1ASEQBWNO:priner R BEQS N&:¥ded in
the SDA reaction pixture and hybridizes to the target sequence downstream
of a first anpi¥eatd#h priner by hybridi 28t on of the B poPEibn of the
signal prinmer tg B'. The R portion of the E-B signal primer uence

i ncludes a repdriter group or |abel, or is 8¢ uct ural featuﬁg%fo
facilitate detggtion or capture. R may or y.not hybri di Ze, | @ tdi scussed
above, but is own here as not hybridi zi ngat“l) clarify the n

Streptavidin-coated magnetic beads (Streptavidin Paramagnetic Particles, Nucleic Acid

Qualified, 1 mg/ml, Promega Corporation, Madison, WI) were washed three times with 1X

PBS as recommended by the manufacturer. For each analysis, 50 pug of the beads were

5 suspended in 180 pl of 1X PBS in a 1.5 ml eppendorf tube and combined with 20 ul of the
SDA reaction mixture. These samples were incubated with occasional mixing for 10 min. at
room temperéture. A magnet was then used to gather the beads on one side of the tube and

the supernatant was removed. The beads were then washed by resuspending them in 1X PBS

(200 pl), gathering them magnetically on the side. of the tube and removing the supernatant.

10  This washing process was repeated three more times, and the 32P activity remaining on the
beads was detected by liquid scintillation counting. The results are shown in the following

Table:

Detector Signal Primer 103 Initial Genome Molecules 0 Initial Genome Molecules

SEQ ID NO:1 ) 80,547 cpm 1,080 cpm
SEQ ID NO:8 54,385 cpm 961 cpm
15 Small aliquots of the beads (10%), removed prior to scintillation counting, were heated

to 95°C in the presence of 50% urea and subjected to electrophoresis on a denaturing

polyacrylamide gel. Only structure #3 and structure #9 contain both the biotin modification
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dlffe;rhls fic lacedat ur es of the signal priner. For the purposes of
this il I vm |1 contain a reporter k- byt—pay cont ai NPaRg2gr

-chem'c s or structural featureg ams:l@,psggjsgnglggb_gvf,. Bot h
anplifi cat ion pri msr A and signal pri mer R- B ar e entpudedoby DI\{A
REPLACEMENT SHEET 12 ' Iyrrerase

Efl)gﬂcli hfaat Hie e e el @%wdwged gtpqnépe&z WU %e@'bggqsewg.
oybri i of dsteRaR Rifoctaidapty ol t %&aﬁﬁf‘ preRief 43 pd steugtuss, 49
anpl i fi Carséc%ggzﬂ'g ﬁmg 1ﬁ&nxbn}g§%1§8i r@?ﬂ’e%égf ﬂleogre&o%nzgt rﬁl il Cies Eé&ﬁédjbfﬁé

C. The Q "po prirmer 1S anaoou

purposes gk, dshiin u#sﬁﬁgﬁétﬁns garam #a'ﬁo@e@dkﬁlhﬁ@t ARy 0B O YPEER

facilitate captur seco ary I cati1on
5  corresponding to structure #1 also appeared on the autoradiogram. It is possible that structure

#1, produced by extension of the detector signal primer, may be captured when hybridized to a
Q'-C' capture signal primer (prior to capture signal primer extension and generation of
structﬁre #2; see the reaction step following structure #1 in Fig. 1A). Although small amounts
of structure #1 were apparently captured and detected in addition to the predicted structures

10  #3 and #9, all captured and detected secondary amplification products were target specific and
did not appear in samples lacking genomic M.tb DNA.

The background radioactivity detected on the beads in the absence of M.tb DNA. (0
initial genome molecules) appears to be due to nonspecific binding of unreacted detector signal
primers.  Electrophoretic analysis of beads from these samples showed that the only

15 radioactive material present was a very faint band corresponding to the detector signal primers,
even after overnight exposure of the autoradiogram. However, the secondary amplification

products were clearly detected above these background levels of signal.
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pr oduct . ThikRGecfdias BeenRebigdagi On product i s di splaced by extensr on of the
second a i mer. The displaced Q-C ERTeTs T PTOOUCT | p_oga
(structur m& !Ilk ves as a tenplate for hyb |'ﬁ1'§§ﬁE§n Rt dhsi on  of
R-B, resu bl e stranded, target-speclific |
anplification product (structure #3) which conpri5es the termnal segnents

(Rand Q of the signal prinmers and stpsEncatmspaic segnent B' -C  of the
target sequence. As the secondary anplification product does not contain

ni ckable re x%itdp?ﬂ ase recognition sites, it is not anplifiable
in the §DA ﬁ‘éac I on aﬁ% renal ﬁs effectively inert throughout t he remai nder
of the-anplifi ceail)i appuTeanti omadedn, it Jaddid.i onal copi es of the secondary
anplification product are gé’nb‘r%t.e@leqrserﬁ the target sequence. Hybri di zation
and extension of.,t rﬂ“@m fi p ActD PaSrdGHr EARy

di spl agigng the?{?)- gﬁ%eg% ex er?gl 01%&% gc éggélr'ﬁ(afgat%ls a doubI e stranded
fragment with (it RONBERSEF|SEQUENCAS: aze end and a hem nodified restriction
endonucl ease recognition site at the other end (structure #4). This .
restriction end’o‘ﬂu@%‘f?&%&%ﬁﬁd ite s n| ck Foxpyngggnrsggta[hhct i on

endonuglsease present I eéacti on. ynmerase present in the

(B) STREET: 1 Becton Drive
(C) CITY: Franklin Lakes
{D) STATE: NJ
: (E) COUNTRY: US
20 (F) 2IP: 07417

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

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
30 (B) FILING DATE:
{C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NMAME: Fugit, Domna R.
35 (B) REGISTRATION NUMBER: 32,135
{C) REFERENCE/DOCKET NUMBER: P-2821

40 {(2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:
' (A) LENGTH: 15 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
45 {D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE:
50 (A) ORGANISM: Mycobacterium tuberculosis
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
55 CGTTATCCAC CATAC : 15
(2) INFORMATION FOR SEQ ID NO:2:
(1) SEQUENCE CHARACTERISTICS:
60 (A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid

: {C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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doubl e-stranded by hybridi zati on and extension ’ #5) .
Al t hough cyclically repeating the nicking, pol ygesza g—aid—di-apl Aci ng
cycl e anpli fi e6 it WECPRE) FERE: AR aldeheris) rate, generally neither the

si ngl e- strandeg. .or - ded product will be detectable by virtue of -
the absence of **?‘rie“%?%‘i%éﬁ?%‘é%‘@@mmm the-BRdskication or sequence to
facilitate capture. If the functions of QQ and R'R are reversed,
REPLACEVENT SHEXI HEATURE: . 12 DEC 1995 Date :

(i.e., QQ contain ;t mr ﬁ‘éf‘_’ﬁl’aﬁweor | abel and R'R contains the

nodi fi cati on or SequHNEEHER INFORMATION: /function= "HincII recognition
10 siten -

SDA r el = cqdni ti at e pol ynerization and di spl acenent at the nick,

resul ti iMiigstrated R -B' -C -D product_co Ising a porti op-z821

t he rest cl ease recognition srte.I - e made
PEAEEB! Ur

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B} LOCATION: 25..37
15 (D) OTHER INFORMATION: /function= "Target Binding
Sequence"

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
GCATTATAGT ACCIGTCTGT TGACACTGAG ATCCCCT 37

(2) INFORMATION FOR SEQ ID NO:3 :

25 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
30 (D) TOPOLOGY: linear
{(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE:
5 (A) ORGANISM: Mycobacterium tuberculosis
3

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

0 CTATCCGTAT GGTGGATAAC GTCTTTCA 28
4
(2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 base pairs
45 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOILOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

50
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Mycobacterium tuberculosis
55 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
CCTATCCGTA TGGTG is
60 (2) INFORMATION FOR SEQ ID NO:5:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 42 base pairs.
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
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det ect abl e he absence of the reparter group or | abel . B-2821
shoul d be ver that. structure TS TRLET when t he
reporter gr S etectable i ndependent of cagture, EP éﬁt ne
reporter group is a fluorescent |abel detectabl APERLY or|:

f1 uorescence pol ar (PafPEFOWD 193¢88650; R Devlin, et al. 1993. Oin. Chem
39, 1939-1943);0r mordcetk OveRt GRR] Yehedigan be detected by gel

el ect rophoresi s and aut or adi ogr aphy. Fig. 1A also shows how extension of
the fidst anplv¥i ERIGIYAL on the target seguence, in addition to

di spl aci ng the ext &sP F‘Hdﬁ@f’&c’ﬁ"tﬁr’é‘m RRFEFREY¥E 5t he doubl e- st randed
target sequengggWekirgrBe hemi nodified, nickable restriction endonucl ease
recogm tion site \A/I(mch:z\m/meqmmeckefaeﬁrarrpl ification of the target sequence
by SDAO(structure LO%?ES’E ridact§ on products_enter the cgonventional SDA
reaction and are ar‘FBI) PO BTG n/‘gf" CFHEP =S RBITRAr 3P At P Pcat i on
product is therefore tig 1 y coupled to anplification of the target
sequence and is useful to nmonitor whether or not anplification has taken

pl ace 18s wel | as to rovi de a neasure of tarsget anplification. In spite of

the tight Ii nl&’é&je SERUEYER ESCRYTTI8Y: SRR 1P

GTACGTCTAT GTCAACATCC GTATGGTGGA TAACGTCTTIT CA : 42

to facil | frlsBeet maﬁﬁi‘{eﬁese products, though captured, would not be

20 (2) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTRRISTICS:
(A) LENGTH: 33 base pairs
(B) TYPE: nucleic acid
25 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

30 (vi) ORIGINAL SOURCE:
{A) ORGANISM: Mycobacterium tuberculosis

s {xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
3 :
GGAATTCATC CGTATGGTGG ATAACGTCIT TCA 33

(2) INFORMATION FOR SEQ ID NO:7:

40 (i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 33 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
25 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE:
50 (A) ORGANISM: Mycobacterium tuberculosis

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

55 TGACAGCATG ATAGAGCGGC ACTGAGATCC CCT 33
(2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
60 (B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
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secontidy Shed R éﬁﬁa ai on product and generation of anplification products,
howeve T H of . the target sequence_i s _not inhibited provi dfngszl
essent | MU nponents are present in XF8esHeet 48k éﬂn anplitied
target s al so bind signal priners N1 ation of

- additional copies of the secondary anplificati ct s Fi B
illustrates generation of secondary anplification products fromthe
conpl ement ary seddRRISIIANFOPRCE:he doubl e-stranded target sequence
(5-A-B-C- D). I n genefPi ORPNES o X¥EIBT ST BT H6F 198 R onpl enent ary second
strand age simlar to those for the first strand. However, the second -
anplification ptiireSEQUENQE DRSCRIPgIGN: PEQ MBINAC8=Q hybridize first to the
conpl ementary strand and are extended. The first anplification prinmer )
and si gnal W&ng} o [X %he displ aced extension produc éof

C Q (A 18- C(@)  nivbra@irdl erok/ $e@ 6 5.9 ext ended to produce R-B-CQ _
(structure #8). n‘{l;gbrl di zation of Q-C to RB-CQand extension results in

1697 i _B -
t he doubl e strarfdeds A mmmzﬁpgﬁg on product R -B

(B) TYPE: nuclei¢ acid
15 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

20 (vi) ORIGINAL SOURCE:
{A) ORGANISM: Mycocbacterium tuberculosis

25 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
TTGAATAGTG CCTTACTTGT TGACGCAAGC CATCTG 36

(2) INFORMATION FOR SEQ ID NO:10:

30 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 35 base pairs
{(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
35 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE: ,
(A) ORGANISM: Mycobacterium tuberculosis
40

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

45 TTGAAGTAAG GCACTATTGT TGACTCGCTG AACCG ' 35
(2) INFORMATION FOR SEQ ID NO:11:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 12 base pairs
50 {B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

55
(vi) ORIGINAL SOURCE: _
(A) ORGANISM: Mycobacterium tuberculosis
' ﬁso (xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
4&  TCCATGGTCC TC . o 12

oy - i S
5 f (2) INFORMATION FOR SEQ ID NO:12:
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REPL ACENERBheSHEE ek REflick? DEC 1995 14 C -Q /R B-C Q (structur e #9). This

- secondar i product is detectable in systens requiring BaBal
capture Moups due to.the presen eTﬁf Dot T lin
structure . ion for the conpl enent &ry S ﬁﬁ Nokiuces a

reaction product which can be linearly anplifiled_hy - ol ymeri zi ng

and di spl aci ng_ (% W%m i spl aced single strand of this |i near .
anplification He gﬁﬁ, Il ¢3 Hisanwiladsby hybridi zati on and extension of
Q -C (structure #8jl)rye€enekaéic/achiei t her the single or double stranded
reactisn products (6f STRANDEDNR®Syr sipglei fi cati on are detectable due to the
absence of either PhPeES et §Fbup or the capture group. They are not
further anplifiphbesRfEorss: .t heY (héwdwian intact restriction endonucl ease
recognition site. However, if Q conprises a reporter group which is

det ect@bl e i AdepORISFHALOPOUREEE ur e ge.rq‘.nh %bfl uqrescent |abel or a

radi oi sot ope as ddBtrIRGANESoEgoRacte tubercuto

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

15 13
CATAGGAGCT TCC
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str 10 and #11 witt—also bedetectabl e. Det ect [ on specr fici tyl,\r\%:g1
gene al d Wne L xe—enplaoyed ]

and BWW ﬁﬂiFSI ngl e m@euﬂ Emmj aTISIS_ SHEEU&(B!GS B'E'EN net hod is
i : ain either a

capture group or a reporter group, and the t7@ ; : an
anplification priner may optionally provide a second capture or reporter
group. Alternatively, when both a capture and reporter group are required,
t he signal WHAFISGHAIEDASN both a capture and a reporter group which act
In conjunction only when the signal oligonucl eotide becones :

doubl e-stranded. This structure is formed only when the presence of target
sequences |nduces prim ng, extension, displacenent_ and re-primng as shown

in Fig. 2. buch B nrethﬂét B SPRCHTERIL sneTARNES angsponrdasy, amplification peodust mad an
ety of h et ect h '

{1 uorea pc@rﬁé‘i‘?rﬁceﬁsc’t%? G & o &grﬁeh &Eﬁé&&ﬁété@t@iﬁﬁ%%%&@h?° sl the

e mor (%) "SRE R cgRlA I DR btdpbse isbing wraf fBting iy shdlackihe 5-

3' exonuclease activity and (ii) a restriction endonuclease which nicks a hemimodified double

stranded restriction endonuclease recognition site, the method comprising:
a) hybridizing a signal primer to a target sequence and hybridizing a first SDA
10 | amplification primer to the target sequence upstream of the signal primer;

b) extending the hybridized signal primer on the target sequence to produce a
signal primer extension product and extending the hybridized first amplification primer on the
target sequence such that extension of the first amplification primer displaces the signal primer
extension product from the target sequence;

15 c) hybridizing a second SDA amplification primer to the signal primer extension
| product and extending the hybridized second amt)liﬁcation pt*imer on the signal primer
extension product to produce a second amplification primer extension product comprising a
newly syntheeized strand and double stranded hemimodified recognition site for the restriction
- endonuclease;
20 d) nicking the hemimodified recognition site and displacing the newly synthesfi%&
| strand from the signal primer extension product using the DNA polymerase;

e)  hybridizing the signal primer to the displaced newly synthesized strand and
extending the signal primer such that a double stranded secondary amplification product is
generated.

25



Lners are exten_gjgg_ and
gxLensi on pFo?OS&&t

P IS no

str ihsl&ldetﬂ-hﬁ B&h R g,ﬁgwe

exte rst arrpwﬁwm H’”g"u
of mg' MH”H M‘LB (R- B- t
second SI @ only the second arrpi'lf o 2 bl ACE
Date :12 DEC 1995 priner (D) hybridizes to R B- C—D and is extended

gener at i ng It r ucTher metfiddwbf [Tl il CRAINE, cohFikiAg ddeftédt?ﬂ r a8t gecbitdal g,n amplification
endonucl ease recognition site. Linear anplification o t hi s product by

ni cking, pgirgdmt by imegnaofia dhayita modification ©h epetial geclestideceqierzg eotsortted into
which the signal primer can hybridize and be extended. This generates the
doubl e st r dheidenal sowdary anplification product, structure #3. It is not
anplifiable due to the lack of an intact restriction-endonucl ease

recognition site, but is detectable by virtue of RFR when the reporter or
capture 59" GP 1 Sppe method of Claim 2 wherein the secondary amplification product is detected by

means of an affinity ligand or reporter group incorporated into the signal primer.

4, The method of Claim 2 wherein the secondary amplification product is detected by
means of a nucleotide sequence incorporated into the signal primer, the nucleotide sequence

10  comprising a recognition site for a double-stranded DNA binding protein.

. 5. A method for concurrently generating a secondary ampliﬁce.tion product and an
amplification product in a Strand Displace_ment Amplification (SDA) reaction, wherein the
SDA reaction comprises (i) a DNA polymerase he\'ring strand displacing activity and lacking 5'-

15  3' exonuclease activity and (ii) a restriction enzyme which nicks a hemimodified double
stranded restriction endonuclease recognition site, the method comprising:

a) hybridizing a first signal primer to a first strand of a double-stranded target
sequence and hybridizing a first SDA amplification primer to the first strand of the target
sequence upstream of the first signal primer;

20 b) extending the hybridized first signal primer on the first strand to produce a first
extension product and extending the hybridized first empliﬁcation primer on the first strand
such that extension of the first amplification primer displaces the first extension product from
the target sequence;

c) hybridizing a second signal primer to the first extension product and hybridizing

25 asecond SDA amplification primer to the first extension product upstream of the second signal

primer;



eplaced, do umrn or by virtue of R when the r@p%iler
m bI e al l““x r-‘“----;~_ne QL. group does 'no
trand te. 8. ,%a fluo eHﬂSIﬁHEEabﬁn@BE Lictures #1, #2

and #3 are detectable as secondary anpl i f. atldiEmImlm:ts EXAMPLE 1 The
real -tinme detection of anplification of the 17 mrvesthdn Was conpar ed
to conventional dpost esending tislybeidizde secohd eignall privigr| onf the dirst @k @alion pesddor RS .
Fragnments of the IS6110 sequence of Mycobacteriumtuberculosis (Mth) were
anplified prod8bAasecntiextensipe pfaluctahdsdendingathe hybridizkelsseconsbamplificathdrk primeret
al. (1992. Nuc. Acids Res.), except that each 60 [err]L reaction mxture
cont ai ned on the st fﬁemomﬁdwtmldt@m extensign efithe vegopt nnplifieation privter gisplasee
Mtb DNA. Anplification pr ces (S[err] .and [err] and bunper
primer seqtherieeand sstension py Wgﬁ’f svgr%%qee%%ewﬂﬂc%l ker, et al. (1992.

NPl 1) O RO 4 0 555 B I e
i e AT Y PR AP B A

of 60 nM uce ese
stranded secondary amphﬁcatxon product is generated.

6. The method of Claim 5 further comprising detecting the secondary amplification
10 product by means of a reporter group incorporated into the first signal primer and a
modification to facilitate capture of the secondary amplification product incorporated into the

second signal primer.

7. The method of Claim 5 further comprising the steps of:

| 15 a) hybridizing the second signal primer to a second strand of the double stranded
target sequence and hybridizing the second amplification primer to the second strand of the
target sequence upstream of the second signal primer;

b) extending the hybridized second signal primer on the second strand to produce
a third extension product and extending the hybridized second amplification primer on the

20 second strand such that extension of the second amplification primer displaces the third
extension product from the second strand of the target sequence;

c) hybridi;ing the first signal primer to the dispfaced third extension product and
hybridizing the first amplification primer to the displaced third extension product upstream of
the first signal primer;

25 d) extending the hybridized first signal primer on the third extension product to

produce a fourth extension product and extending the hybridized first amplification primer on



agf‘z“*‘“’mmﬁmummmnmlltmuﬂlllﬁa St P
was Aj%“ﬂ anmpl i fi*cati on pYoduct's by , SEQ I D NO.

1 as described by Wal ker, et al. (1992. NucL Acids. - v , produci ng
extension products either 35 or 56 nucleotides in length. ~ REPLACEMENT

SHEET 16 the third extension product such thet epemiarebtharfirst dmplification prmendisplaess the
proceed for, 2 hr. at [err] in the presence of 1 to 500,000 genone copies of

Mth. Aft erfouthgpensipn aredagt fiom the Shirdextension rediich of each reaction was
A fig = R b R
cor di t . . . . ot . 1
Gecr oasi ng 4 FAEPREIEG s8ind Hebdh pie; Bh IR fouh Seloh SSELATRER o' doube
' 5  stranded secondary amplification product is generated.

8. Thé method of Claim 7 further comprising detecting the secondary amplification
product by means of a chemical modification or special nucleotide sequence incorporated into
the signal primer. | |

10 _
9. The method of Claim 8 wherein the secondary amplification product is detected by

means of an affinity ligand or reporter group incorporated into the signal primer.

10.  The method of Claim 8 wherein the secondary amplification product is detected by
15 means of a nucleotide sequencé incorporated into the signal primer, the nucleotide sequence

comprising a recognition site for a double-stranded DNA binding protein.



arrpl..if ﬁe‘é’t’ha@ﬁ&q'ﬁ@ 1acl;,d9f | ect the degree of target sequence anplifi cpaggﬂn
The of the signal prineff~=z | to be
|t| ve than the convenli 'Hgls Et"m%%ﬁﬁ”l ation primer

several

ext ensi o i bly because the 32P-R{ab. [imer was
present during SDA at concentrations about -T0 ess an t he SDA
primers. If SDA prinmers are extended ABSTRAQHRrget sequence before a signal
prinmer binds and is extended, no signal will result. Thus, higher

concentrations of signal primer should increase the nethod's sensitivity by
i nproving hybri di zation kinetics for_the si g&al .primer. Higher signal
pri ner concent rMetheds arréeﬁemﬂemp Hizingepy %m&q"ﬁ‘iﬂﬁ?d&ﬂ pts of a

separ at ed dtetlon - the concent i on -of I|f| ation,. pr.i mer
may be ke fSpjacerperit el (SR DG AT OB n SYiRto O

d
Eglﬁﬁé‘fi?undam fieRih P B feffeh sE0gEFo TR ATHEY AELIR, PIPES A Yt dasy, erect-
t { t f
wth | over PEoRE I RapoRRes 3%'?“%8 S renadeenth VR SO gl SR Yo R
hybri di zesyunpglt 43Mal & &t%a)or %&g@r{e {k@? shauefitks hRPRHAtSR ik Q&N Fiffel ONR!

SDA. Thi s experinent al so em)nst ra
general, the secondary amplification products are not amplifiable and remain inert in the SDA

reaction after they are formed without interfering with amplification of the target sequence.
10  The secondary amplification products may be designed or modified to contain special features

to facilitate their detection, immobilization or localization.
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" the presence of “the si gnal prlrrer in the anplification reaction mxture
does not ph,Rakket1fis BbiMeplsant | evel s of background signal . In fact,

backgr ound appeared to be | ower in sanpl dF_ercetec=hy

real -tinme H'mmmmgm?xteny on as conpared to post-3 JAS BEENE
ext ensi on. SHEET 17 Datle_; 12R

EXAMPLE 2 SDA reactions were perforned generally as preV| ous et
(wal ker. 1993. PCR - Methods and Applications 3, 1) in 50 nMJ[err] (pH

7.5), 0.1 nmg/nL boyine serumal bumn, 0.5 nM dUTP, 0.2 nmM each dGIP, dCTP
and dATP[err]S, 7 mM[err] 11% (v/v) glycerol, the indicate oncentrations

of anplification priners, 25 nM bunper priners, 50 ng =alla
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hunan pI acent aI Whde@ | ndi cated anount of exonucl ease deficient Kl enow
(Uni t edrhistShe m ) cal s), 150 units H nell (New England Bi ol abs) _
Reactlon the indicated tinme at [err] SDA re

varyi ng DNA, which contains the 1S6110 t gTéTS ' Eﬁﬁ@%ﬁ"\]
arrpllflcatlon The [err] arrpllflcatlon primer sequence, t ; - 1
primer sequence and the B2 bunper prinmer sequence used were as described by
Wal ker, et al. (1992. Nuc. Acids Res., supra). The S2 anplification prinmer
(SEQ ID NO 2) had the target binding sequence and Hincll site disclosed by

t hese authors, but conprised a different sequence at the 5 _end. The
anplification primers hybridize to nucl eotide positions §43984 and

1011- 1023 of the 1S6 110 sequence. The bunper priners hybri qjze to

nucl eoti de positions 954-966 and 1032-1044. Secondary anpl®fjj&ation

products were visualized by autoradi ography after el ectZophdlesis on

denat uri ng pol yacryl am de gels. SDA reactions were perh&rr% B 3 hrs. in
the presence of 0.1 nMof a 5'-32P-1apel ed signal priner (gHP4D NO 3).

This signal priner is 28 nucl eotides Ln | ength and hybridiz to nucl eotide
positions 985-1012 of the 1S6110 tar g@ sequence, between the anplification
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priners. [err] and [err] were present at 180 and 30 nM respectrvely

Exonuc]| emesrdafHaEB ¥now was used at 0.25 units. Sa
. 100, 10, \ nome nol ecul es, respectively.
_reaction ext ended by polyrrerase to ale

nucleotrdes usrng the target sequence as a tenplate. As Semmcacacaias
this tenplate is nost likely primarity the displ aced, anplrfred t ar get
strand generated during SDA, but concurrent extension of the bunper,
anplification and signal primers on the original targetjfsequepce has not
been rul ed out and woul d be expected to occur as wel lQ & 44 S
REPLACEMENT SHEET 18 Dat e:: 2 P95

di spl aced fromthe target sequence by  extension oﬁﬁﬁfﬂ? QredQ
anplification primer (S2). The 3'-end of the 44-mer hybf§ di zega) t he
3'-end of the second anplification priner [err] and a@ j# @ wa
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¢

do_u'b_'fe-s.tranded 65-mer is fornmed after extension by polynerase. Th
ahd 65-rer secondary anplification products were observed =1
presence of the Mtb target sequence (sanples 1-3), indica
prinmer extension and transformation to double stranded for
SDA reactions were repeaip@grdttol 5 REEFIACL IS nbrkriMies
(sanmples 4-6) of a 5' -32=F- SIEes
(SEQ ID NO 4). This signal premees diviig dhe@erzay nucl eotide positions
'999-1013 of the 1S6110 target sequence, between the .anplification prinmers.
[err] and [ er ritheVgeésentifshtioh rélAl6s tolvhetiodd fondétécting afd aivasuring amplifidationofia

Kl enow were used and SDA was performed for 2 hrs. The three nucl eoti des at
the 5' - emficleic acidQ@aiget $équéncend the three nucleotides at the 3'-end of SEQ ID
NGO 2 (the [err] anplification primer) are identical and therefore conpete
for the sanme 1S6110 binding site. Sanples 1 and 4 contained 10000 Mtb
genone nol ecul es while sanples 2 and 5 contai ned 100 genone nol ecul es.
Sanples 3 and 6 did not c@ACGKGROUNIDAE THEINYENEONDA reaction, 45-mer
and 66- mer secondary products are.produced when

e 44- ner
.:.:. A—t-he———
H IREPLACGMEINT SHEET

| h '
G
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In vitro nucleic acid amplification techniques have provided powerful tools for
detection and analysis of small amounts of nucleic acids. The extreme sensitivity of such
methods has lead to attempts to develop them for diagnosis of infectious and genetic diseases,
isolation of genes for analysis, and detection of specific nucleic acids.as in forensic medicine.
Nucleic acid amplification techniques can be grouped according to the temperature
requirements of the procedure. The polymerase chain reaction (PCR; R. K. Saiki, et al. 1985.
Science 230, 1350-1354) , ligase chain réaction (LCR; D. Y. Wu, et al. 1989. Genomics 4,
560-569; K. B'ari:inger, etal. 1990. Gene 89, 117-122; F. Barany. 1991. Proc. Natl. Acad.
Sci. USA 88, 189-193) and transcription-based amplification (D. Y. Kwoh, et al. 1989. Proc.
Natl. Acad. Sci. USA 86, 1173-1177) require temperature cycling. In contrast, methods spch
as strand displacement amplification (SDA; G. T. Walker, et al. 1992. Proc. Natl. Acad. Sci.
USA 89, 392-396 and G. T. Walker, et al. 1992. Nuc. Acids. Res. 20, 1691-1696, both
disclosures being incorporated herein by reference), self-sustained sequence réplication (3SR;
T, C. Guatelli, et al. 1990. Proc. Natl. Acad. Sci. USA 87, 1874-1878) and the QP replicase
system (P. M. Lizardi, et al. 1988. BioTechnology 6, 1197-1202) are isothermal reactions.
In addition, WO 90/10064 and WO 91/03573 describe use of the bacteriophage phi29
replication origin for isothermal replication of nucleic acids.

A variety of methods have also been developed to detect and/or measure nucleic acid
ampliﬁdation. For the most part, these methods are primer-based, meaning that they depend

on hybridization of a primer to the target sequence, in some cases followed by extension of the



the t-arget sequence is anplified. They were observed only i

of * Mtb DNA indicating extension of the signal primer and ti %E‘,géﬁﬁgﬂngEET .
int o doubl e stranded form (sanples 1, 2, 4 and 5). In the a nee o%gﬁ_ __________
DNA (sanples 3 and 6), no radiol abel ed pro;iucts were seen. Nbré Sengifl |
detection was obtained when using a concentration of 1 nM of si gnal primer

(sanpl es 4 @&eﬂSPxﬁﬁm&ﬂdététhn%fﬁ%hﬁ&%delck&idﬁ it PERt SRefEliesl oRVifiédtpdidtion
hybri di zat | on kinetics for the signal prinmer and inproved thernodynam c

stability of ahhanplifigiivh primerinté ahe ainphfsl prodact idplidodudinry G ampilikailorn
repeated in the presence of 0.1 nMof a 5 -32P-I|abel ed signal priner which
was 42 nucteactionde Featurdseergireefedbto theNPCR) amglifieatitm primee dhdrefore appeahén the
3'-end of the signal primer (the target binding sequence) hybridize to the
156110 t ar geplificatiore prasluat and,carebe uskd gither 1t clateco 88 mplaiedtietgnbémusm or to

anplification primers. 5 to the target binding sequence is
immobilize the amphcon for detection by other means. For example, Syvanen, et al. (1988.

Nucleic Acids Res. 16, 11327-11338) report the use of biotinylated PCR ampliﬁcation primers
to produce biotin-containing amplification products. These amplicons can then be hybridized
to a second probe co-ntaining a fluorescent dye or other reporter group. The hybridized
complex is then selectively isolated from other components of the reaction mixture by affinity-
based immobilization of the biotin-containiﬁ; complex and is detected by means of the reporter
group. Laongiaru, et al. (1991. European Patent Apphcatlon No. 0 420 260) describe a
similar use of blotm-contaxmng PCR amplification primers conjugated to fluorescent dyes for
detection of PCR amplification products. The amplicons containing the primers are separated
from unextended primers on the basis of size, and multiplex amplification was detected using
different fluorescent dyes on two amplification primer sets. Kemp, et al. (1989. Proc. Natl.
Acad. Sci. USA 86, 2423-2427; 1990. PCT Patent Application No. WO 90/06374) describe a
method for capturing amplified DNA by incorporation of one modified amplification primer
and use of a second modified amphﬁcatton primer as a means for detection. The Kemp
“capture primer" contains a 5' tail which is the single stranded form of the recognition sequence
“for the double-stranded DNA binding protein GCN4. The Kemp "detector primef“ includes a
biotin moiety on its 5' end. The amplified product is immobilized by binding to the double-
stranded GCN4 recognition sequence generated by amplification using the capture primer.
The biotin moiety introduced by the detector primer is bound to an avidin-peroxidase complex
to provide colorimetric detection of the immobilized PCR amplification product. Wahiberg, et
al. (1990. Proc. Natl. Acad. Sci. USA 87, 6569-6573) report a similar method in which one
PCR amplification primer is biotinylated and the other contains a $' tail encoding the E. coli lac

operator sequence. Double stranded amplification products are immobilized by binding to
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restricti

nM Exonucl ease deficient Kl enow was used at 0.25 units and
performed for 3 hrs. Sanples 1-4 containegl 100, 10, 1 and|Q. M

nol ecul es
pol yner as

on endonucl ease Hincll [err] and [err] were pregf
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. During the SDA reaction, the :§'i_gnal primer is =i 1Yo [Vl 5
stremaddinand dategfed s@lanimetrinally by bindifigi of a5/8e mepresser-Frgafactosidasefjision

ext ensi on of the upstreamanplification prinmer (SEQ ID NO 2). The 3-end of

t he 58- neprat§iptp dhe deublestranded laccopgrator ganeragadiiay a

formi ng a doubl e-stranded 79-nmer after extension.by pol ynerase. The Hincll|
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TTP and d
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the two methods could be combined by using two amplification primers, each with a 5' tail
encoding the récognitibn sequence of a different double-stranded.binding protein. Amplified
products could then be immobilized by binding to one double stranded binding protein and
detected by binding to the other. C. A. Vary (1992. Clinical Chémistry 38, 687-694; 1992.
PCT Patent Application Nc;. WO 92/1 13".’-90) describes the use of amplification primers
containing 5' tails which form hybridization sites for a third oligonucleotide when incorporated
into otherwise double-stranded amplicons. Hybridization of one tail was used to capture. the
amplified product and the other was used to detect it by hybﬁdization toa probe conjugated to
a fluorescent dye.

All of these pximef-based methods of detecting PCR amplification products require two

amplification reactions to achieve high sensitivity, i.e., detection of fewer than 100 copies of

 the target sequence. That is, a first amplification of the target sequence is followed by a

second amplification using nested primers incorporating the desired modifications for capture
and/or detection. Two consecutive amplifications in this manner are needed to avoid
unacceptably high levels of background signal produced by amplification of non-target DNA
spuriously primed with the modified, signal-generating primers. This feature of the prior art
methods makes them time-consuming and cumbersome, and-the advantages of primer-bésed
detection methods are therefore often offset by the requirement for a second consecutive
amplification reaction. |

Non-specific amplification of DNA would be expected to present particular problems
for primer-based detection of amplification products in SDA reactions because these

amplifications are carried out at a relatively low temperature (about 37°-40°C) which would

Hications al e Wablberg et pler r |



|n i-t:-s original single-stranded form C eavage of the doubl HEET
79-mer during the SDA reaction produces a.5'-32P-|abeled 1 @?E%?@%fo

detectabl e as a secondary anplification product. 58-ner an B%Eerrelurﬂ I_Eﬁr\g .

----------------------------

extensi on secondary anplification product4 and the 13-ner cjleavade ==

secondary anplification product were observed only in the presence of Mtb
target DN&lldwe indidasel misgiming e compirsd teRCRNFesaltingin éviek highamlevelpof baekgonad
transfornation to double- stranded form In the absence of Mtb DNA no
secondar ysigmghl Urieggeictedly, pheoidstettanéthodscfos pamepbasdd detection of A agmlted anllok s)
were observed. SDA was repeated in the presence of 0.1 nMof a i

5' - 32P- | alewéle of backgroundrsignat inmpiterofithe uss ofi nolyen single aamiplificatiogtreaqtiorQvirich
NG 6). The 26 nucl eotides at the 3'-end of the si‘%na.l prinmer (the target
bi ndi ng sgenseatese pradyelsi for Adetecion reneweently owith ramnlilisatipneat &hea targelc FEBERGe
positions-985-1010, between the anplification pripers. 5 tot t ar get

bi ndi ng s& QOUS OT SORCUETSRane3HOR of & wmdwm&’éwwemﬂ%ﬂﬁﬁﬁmﬁg%d

Exonucl ca e SOMmEh i GG, Feres a6 ol Heo Ry FRShSn (RAQ S APy of

amplification, etc.

SUMMARY OF THE INVENTION

The instant invention provides methods for detecﬁng, immobilizing (capturing) or
localizing primer extension products of an SDA reaction which are coupled to, and an
indication of, amplification of the target sequence. The primer extension products are
secondary, target-specific DNA. products generated during SDA of the target sequence and
can therefore be used to detect and/or measure target sequence amplification. The secondary
products, however, are not amplifiable and remain inert in the SDA reaction after they are
formed without interfering with the expor_léntial amplification of the ta.rget sequence. The
secondafy product can be designed or modified to contain special features to facilitate its
detection, immobilization (capture) or localizatibn. The inventive methods are useful for real-
time monitoring of SDA. reactions, especially in situations where detection of target sequence
amplicons would interfere with further amplification or manipulation. The instant methods will
also be useful for detection of amplification products in fixed ceﬂs after in situ SDA, especially
when the secondary products contain 5' tail sequences to facilitate detection or localization of

amplification products.
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of EcoRI. EcoRl cleavage of the doubl e-stranded 70-ner produces
illustrates the production of the secondary amplification product from a sirigle stranded target

sequence using two signal primers. Fig. 1B shows the analogous process originating from the
" complementary strand when the original target sequence is double stranded.

Fig. 2 illustrates the production of the secondary prbduct using’ a single signal.primer.
DETAILED DESCRIPTION OF THE INVENTION

The present invention is a method for detecting, monitoring or localizing ampliﬁéation
products of SDA reactions by real-time primer extension. Amplification of a target sequence
by SDA is detected, monitored or localized by simultaneously -generating a secondary
amplification product, the production of which is tightly coupled to amplification of the target
-sequence. This secondary amplification product is produced during the SDA reaction without
requiring any additional additional amplification steps or manipulations. Once generated, the
secondary amplification product is inert in the reaction mixture and does not interfere with or
inhibit normal SDA of the desired target sequence. The methods are therefore useful for real-
time monitoring of SDA and detecting amplification of the target sequence, especially in
situationé where detection of the amplified target sequence itself would inhibit or prevent
further reaction or.m_anipulation of the amplicons. |
_ The present invention provides a primer-based ampliﬁcation detection method in which
the need for a second amplification reaction is eliminated. The method employs signal primers
which are similar to capture and detector probes and do not ﬁxﬂction as amplification primers
in the SDA reaction. Consequently, any extension products formed through errant extension
of these signal primers on non-target templates cannot undergo subsequent amplification.

Because mispriming itself is comparatively rare, it is detectable only after subsequent
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An amplification primer is a primer for amplification of a target 'sequence by primer
extension. For SDA, the 3' end of the amplification primer (the target binding sequence)
hybridizes at the 3' end of the target sequence. The amplification primer comprises a
recognition site for a restriction endonucle;e near its 5' end. The recognition site is for a
restriction endonuclease which will cleave one strand of a DNA duplex when the recognition
site is hemimodified ("nicking"), as described by Walker, et al. (1992. PNAS, supra). A -

* hemimodified recognition site is a double stranded recognition site for a restriction
endonuclease in which one strand contains at least one derivatized nucleotide which causes the
restriction endonuclease to nick the primer strand rather than cleave both strands of the
recognition site. Usualiy, the primer strand of the hemimodified recognition site does not
contain derivatized nucleotides and is nicked by the restriction endonuclease. Alternatively,
the primer may contain derivatized nuclebtides which cause the unmodified target strand to be
protected from cleavage while the modified primer strand is nicked. The preferred
hemimodified recognition sites are hemiphosphorothioated recognition sites for the restriction
endonucleases HincIl, HindIl, Aval, Ncil and Fnu4HI. The amplification primer also
comprises a 3'-OH group which is extendable by DNA polymerase when the target binding
sequence of the amplification primer is hybridized to the target sequence. For the majority of
the SDA reaction, the amplification primer is responsible for exponential amplification of the
target sequence.

Extension products are nucleic acids which comprise a primer and a newly synthesized

strand which is the complement of the target sequence downstream of the primer binding site.
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A bumper primer is a primer which anneals to a target sequence upstream of the
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amplification primer, such that extension of the bumper primer displaces. the downstream
anipliﬁcation primer and its extension product. Extension of bumper primers is one method for
displacing the extension products of amplification primers, but heating is also suitable.

Identical sequences will hybridize to the same complemeritary nucleotide sequence.
Substantially identical sequences are sufficiently similar in their nucleotide sequence that they
also hybridize to the same pa'rtially complementary nucleotide sequence.

The terms target or target sequence refer to nucleic acid sequences to be amplified.
These include the original nucleic acid sequence to be ampliﬁed, its complementary second
strand and either strand of a copy of the original sequence which is produced in the
amplification reaction. The target séquence may also be référred to as a template for extension
of hybridized amplification primers. '

A signal primer is a primer which hybridizes to a target sequence downstream of an
amplification primer such that extension of the amplification primer displaces the signal primer
and its extension product. The signal primer comprises a 3'-OH group which can be extended
by DNA polymerase when the signal primer is hybridized to the target sequence. The signal
primer may be unmodified, e.g., for detection of secondary amplification products based on -
their size. Altérnatively, the signal primer may include a reporter group or label, or a structural
feature to facilitate detection of its extension product.

Ampliﬁcatioﬁ producté, amplified products or amplicons are copies of the target
sequence generated by hybridization and extension of an ampliﬁcatidn primer. This term refers
to both single stranded and double stranded amplification primer extension products which

~ contain a copy of the original target sequence, including intermediates of the amplification

reaction.
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In this [')rimers, including intermediates in the process whlch generates the final double stranded form.
In contrast to amplification products, the double stranded secondary amplification product is
generally not available for further amplification, although some secondary amplification
products may be amplifiable in a linear fashion.

In the methods of the invention, amphﬁcatlon primers for SDA are hybridized to a
target sequence and the target sequence is amphﬁed generally as described by Walker, et al,,
1993 PNAS or Walker, et al. 1993 Nuc. Acids Res., supra. As described in these two
publications, the target sequence may be prepared for SDA either by restricting total DNA
with an appropriate restriction endonuclease (e.g;, Hincll) or by generating target fragments
having the appropriate restriction endonuclease recognition sites at the ends using bumper
primers and amphﬁcatlon primers. Prepared fragments containing the target sequence are then
amphﬁed by SDA as descnbed However, the SDA reaction of the mvennon further comprises
at least one signal primer which results in simultaneous or concurrent generation of a
secondary amplification product for use in detecting, monitoring or localizing amplification
products produced by the SDA reaction. The secondary amplification products may also
contain features which facilitate their capture or immobilization, so that they may be isolated
for detection, quantitation or further manipulation. The secondary amplification products are
produced in the SDA reaction by inclusion of at least one signal primer in the reaction mixture.
For Certain“applications, it may be preferable to include a pair of signal primers. The signal
primer or signal primers hybridize to the target sequence downstream of the hybridization site
of the amplification pnmers They are extended by polymerase in a manner similar to
extension of the amplification primers. The signal primer hybridizes at a site in the target

sequence such that extension of the amplification primer displaces the extension product of the
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1D NO 7 was synthesized on an Applied Biosystens DNA Synthesizer Model

380B, usin grogp,ahudrqj affinity ligand. Alternatively, the 5' end of the signal primer may comprise a
sequence which does not hybndlze to the target sequence but which contains special nucleotide
sequences (often involving structural features) which facilitate detection or capture of the

“secondary amplification product. These chemical modifications and special sequences are

incorporated into the secondary amplification products when the signal primers are hybridized
and extended on a template. Examples of chemical modifications include affinity ligands (e.g.,
avidin, streptavidin, biotin, haptens, antigef; and antibodies) and reporter groups (labels, e.g.,
radioisotopes, fluorescent dyes, enzymes which react to prpduce detectable reaction products,
and visible dyes). Examples of special nucleotide sequences include (i) sequences which will
forma triple helix by hybridization of a labeled oligonucleotide probe to the double stranded
secondary amplification product, and (ii) recognition sites for double-stranded DNA binding
proteins which become capable of binding the double-stranded DNA bindihg protein when
rendered double stranded during amplification (e.g., repressors, regulatory proteins, restriction
endonucleases, RNA polymerase). Nucleotide sequences which result in double stranded
restriction endonuclease recognition sites are a preferred structural feature for use in signal
primers, as subsequent restriction may be used to generate a secondary amplification product
which is reéognizable by a characteristic size,

When the inventive methods employ two signal primers which hybridize to opposite
strands of a double stranded target sequence, as illustrated in Figs. 1A and 1B, one of the
signal primers may contain a Special nucleotide sequence or chemical modification to facilitate
capture or immobilization of the secondary amplification product and the other may contain a
detectaﬁle reporter group or label for detection of the captured or immobilized secondary
amplification product. The use of labels and reporter groups for detecting nucleic acids as well

as the use of ligands, chemical modifications and nucleic acid structural features for capture or
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It is an important feature of the invention that the signal primers do not function as
amplification primers in the SDA reaction in which they are employed. Without wishing to be
bound by any specific mechanism by which tH‘e inventive methods work, Applicants believe it is . |
this feature which allows the signal primers to be added to the amplification reaction n-ﬁxture
without promoting the high levels of backgrouﬁd signal generated by other primer-based
methods. High levels of background signal are believed to be due to non-specific priming and
subsequent amplification of spuriously primed non-target DNA when the primers are capable
of functioning as ampliﬁcation primers. The present invention therefore greatly simplifies the
procedures for primer-based detection methods, which previously relied on two consecutive
amplification reactions to attain high sensitivity and specificity, the second reaction being
performed with internally nested signal-generating amplification primers.

. As stated above, nucleic acid fragments having appropriate restriction endonuclease
recognition sequences at the ends and containing the target sequence mé.y be prepared for
amplification either as described by Walker, et al. 1992. PNAS, supra or as described by
Walker, et al. 1992 Nuc. Acids Res., supra. For simplicity, the illustrations of the inventive
x-nethods in Fig. 1A, Fig. 1B and Fig. 2 begin with a nucleic acid fragment containing the target
sequence. prrepéred according to Walker, et al. 1992, PNAS, ;swlpra, it represents restricted
double stranded DNA which has been denatured. If prepared accordiné to Walker, et al. 1992.
Nuc. Acids Res., supra, appropriate restriction endonuclease recognition sites are added to the

fragment according to the disclosed target generation scheme. It is believed that bumper,
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simultaneously generating amplifiable target fragments and secondary amplification products.
. Fig. 1A and Fig. 1B illustrate one embodiment of the invention in which a pair of signal

primers are used for detecting amplification of a double-stranded target sequence (5-A-B-C-D

/ 5'-D'-C-B-A"). Fig. 1A illustrates the method of the invention for the first of the two

complementary strands of the iarget sequence (5-D'-C-B-A'). The raised portion of the
amplification primers illustrated in Figs. 1A, 1B and 2 indicates a nickable restriction
endonuclease recognition site as described a{i;ove and by Walker, et al. (1992. PNAS and Nuc.
Aci‘d§ Res.). Long-raised portions illustrate full-length restriction endonuclease recognition
sites and short raised portions illustrate partial restriction endonuclease recognition sites,
generally produced after nicking and displacing a strand. The nucleic acid fragments
comprising the target sequence may Be generated either by endonuclease restriction of larger

nucleic acids (Walker, et al. 1992. PNAS, supra) or by target generation as described by

Walker, et al. (1992. Nuc. Acids Res., supra). However, for purposes of illustration and to

- simplify the diagrams, Figs. 1A, 1B and 2 begin with the target sequence contained on a

nucleic acid fragment previously restricted with a restriction endonuclease which does not cut

the target sequence.

'InFig. 1A, signal primer R-B is included in the SDA reaction mixture and hybridizes to

the target sequence downstream of a first amplification primer by hybridization of the B
portion of the signal primer to B'. The R portion of the R-B signal primer sequence includes a
reporter group or label, or is a structural feature to facilitate detection or capture. .R may or
may not hybridize, as discussed above, but is shown here as not hybridizing to clarify the
different functional features of the signal pﬁmer. For the purposes of this illustration, R will
contain a reporter group, but may contain other chemical modifications or structural features

as discussed above. Both amplification primer A and signal primer R-B are extended by DNA
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will contain a modification or sequence to facilitate capture of the secondary amplification
.product.l The Q'-C' extension product is displaced by extension of the second amplification
primer. The displaced Q'-C' extension product (structure #2) then serves as a template for
hybridization and extension of R-B, resulting in a double stranded, target-specific secondary -
amplification product (structure #3) which gomptises the terminal segments (R and Q') of the
signal primers and -the intémal segment B'-C' of the target sequence. As the secondary -
amplification product does not contain nickable restriction endbnuclease recognition sites, it is
not amplifiable in the SDA reaction and remains effectively inert throughout the remainder of
the amplification reaction, but additional copies of the secondary amplification pfodhct are
generated from the target sequence.

Hybridization and extension of the second amplification primer (D'), in addition to
displacing the R'-B'-C'-Q' extension product, generates a double stranded fragment with the
R/R' sequence at one end and a hemimodified restriction endonuclease recognition site at the
other end (structure #4). This restriction endonuclease recognition site is nickable by the
restriction endonuclease present in the SDA reaction. The DNA polymerése present in the
SDA reaction can then initiate polymerization and displacement at the nick, resulting in the
illustrated R'-B"-C'-D' product comprising a portion of the restriction endonuclease recognition
site. This product can be made double-stranded by hybridization and extension of R-B

* (structure #5). Although cyclically repeating the nicking, polymerizing and displacing cycle
amplifies this fragment at a linear rate, generally neither the single-stranded or double-stranded
product will be detectable by virtue of the absence of the Q/Q' pqrtion containing the

modification or sequence to facilitate capture. If the functions of Q/Q' and R/R' are reversed,
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reporter group is a fluorescent label detectable by anisotropy or fluorescence polarization (WO
92/18650; R. Devlin, et al. 1993. Clin. -Chem. 39, 1939-1943) or a radioisotope which can
be defected by gel electrophoresis and autoradiography.

Fig. 1A also shows how extension of the first amplification primer on the target
sequence, in addition to displacing the extension product of R-B, generates the double-
stranded target sequence with the hemimodffied, nickable restriction endonuclease recognition
site which is required for amplification of the target sequence by SDA (structure #6). These
reaction products enter the conventional SDA reaction and are amplified. Formation of the
secondary amplification product is therefore tightly coupled to amplification of the target
sequence and is useful to monitor whether or not amplification has taken place as well as to
provide a measure of target amplification. In spite of the tight linkage of generation of the
secondary amplification product and generation of amplification ‘products, however,
amplification of the target sequence is not inhibited provided essential reaction components are
present in excess. In addition, amplified target sequences may also bind signal primers,
resulting in generation of additional copies of the secondary amplification products.

Fig. 1B illustrates generation of secondary amplification products from the
complementary second strand of the double-stranded target sequence (5'-A-B-C-D). In
general, the reaction steps for the complementary second strand are similar to those for the
first strand. However, the second amplification primer (D') and signal primer C-Q' hybridize
first to the complementary strand and are extended. The first amplification primer (A) and
signal primer R-B then hybridize to the displaced extension product of C'-Q' (A-B'-C'-Q,
structure #7) and are extended to produce R-B-C-Q (structure #8). Hybridization of Q'-C' to

R-B-C-Q and extension results in the double stranded secondary amplification product R'-B'-
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strand of this linear amplification becomes double stranded by hybridization and extension of

Q'-C' (structure #11). Generally, neither the single or double stranded reaction products of this
linear amplification are detectable due to the absence of either the reporter group or the
capture group. | They are not further amplifiable because they lack an intact restriction
endonuclease recognition site. However, if Q comprises a reporter group which is detectable
independent of capture (e.g., a ﬂuoresce;;t label or a radioisotope as described above),
structures #10 and #11 will also be detectable.

Detection specificity will generally be improved when two signal primers are employed
as in Fig. 1A and Fig. 1B, but a single signal primer may also be used. This method is
illustrated in Fig. 2. In this case, the signal primer may contain either a capture group or a
reporter group, and the target sequence itself or an amplification primer may optionally provide
a second capture or.réporter group. Alternatively, when both a capture and reporter group are
required, the signal primer may contain boih a éapture and a reporter group which act in
conjunction only when the signal oligonucleotide becomes double-stranded. This structure is
formed only when the presence of target sequences induces priming, extension, displacement
and re-priming as shown in Fig. 2. Such bi-functional signal primers may also form the basis
for a variety of homogeneous detection methods such as fluorescence anisotropy or
fluorescence energy transfer. |

To generate secondary amplification products using a single signal primer according to
.Fig.. 2, a first amplification primer (A) and the signal primer R-B are hybridized to a single
stranded target sequence A-B'-C'-D'. Both primers are extended, and extension of the first
amplification primer displaces the extension product of signal i)rhner R-B (R-B-C-D),

producing structure #1. As there is no second signal primer, only the second amplification
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structure #9 contain both the biotin nodification” REPLACENMENT SHEET .
can hybridize and be extended. This generates the double stranded secondary amplification
product, stfucture #3. It is not amplifiable due to the lack of an intact restriction endonuclease
recognition site, but is detectable by virtue of R/R' when the reporter or capture group is
detectable only in double stranded form or by virtue of R when the repz)rter group is detectable
alone. When detection of the reporter group does not require double-strandedness (e.g., a

fluorescent label), structures #1, #2 and #3 are detectable as secondary amplification products.
EXAMPLE 1

The real-time detection of amplification of the instant invention was compared to
conventional post-amplification detection of amplified target sequences. Fragments of the
IS6110 sequence of Mycobactérium tuberculosis (M.tb) were amplified in SDA reactions
performed essentially as described by Walker, et al. (1992. Nuc. Acids Res.), except that each
60 pL reaction mixture contained 0.2 png of human placental DNA and varying amounts of
genomic M.tb DNA. Amplification primer sequences (S; and S;) and bumper primer
sequences (B; and B,) were also as in Walker, et al. (1992. Nuc. Acids Res.) For the
amplification reactions incorporating signal primers, the 32P-labeled signal primer 32p-
CGTTATCCACCATAC (SEQ ID NO:1) was added to the reactions pl_'ior to amplification at a
final concentration of 60 nM. Predicted secondary amplification products produced in these
reactions were 35 and 56 nucleotides in length. For post-amplification detection of amplified
target sequences, one-tenth of the reaction mixture was used tc; detect amplification products

“ by primer extension of SEQ ID NO:1 as described by Walker, et al. (1992. Nucl Acids. Res,

supra), producing extension products either 35 or 56 nucleotides in length.
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the autoradiogram It is possible that structure #1, produced by extension
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capture signal primer (prior to capture signal prinmer extension and
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radi oact iVl L fation prodset refiSet W Gegles of farges selachos amplification The real-time
extension of the signal primer appeared on the gel to be several fold less sensitive than the
conventional post-amplification primer extension method, possibly because the 32P-labeled
signal primer was present during SDA at concentrations about 10-fold less than the SDA
primers. If SDA primers are extended on the target sequence before a signal primer binds and
is extended, no signal will result. Thus, higher concentrations of signal primer should increase
the method's sensitivity by improving hybridization kinetics for the signal primer. Higher signal
primer concentrations are therefore preferred when reaction products are separated for
detection, but.the concentration of amplification primers may be kept similar to the
concentrations used in conventional SDA. However, lower signal primer concentrations are
preferred to keep background low for homogeneous detection methods such as fluorescence
anisotropy. The lower concentrations of signal primer are preferably used with lower
concentrations of polymerase and the amplification primer which hybridizes upstream of the
signal primer than is customary in conventional SDA. This experiment also demonstrated that
the presence of the signal primer in the ampliﬁcation. reaction mixture does not lead to
signficant levels of background signal. In fact, background signal levels appeared to be lower
in samples detected by real-time signal-primer extension as compared to ppst-ampliﬁcation

primer extension.
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Date 12 DEC 1995 (1) GENERAL | NFORMATI ON: (i) APPLI CANT: Nadeau, Janes G
Wal ker, George T. (ii) TITLE OF I NVENTI ON: DETECTI ON OF NUCLEI C ACI D
AVPLI FI CATI ON SDA reactions were performed generally as previously described (Walker. 1993. PCR

- Methods and Applications. 3, 1) in 50 mM K;PO4 (pH 7.5), 0.1 mg/mL bovine serum
a.lbumin, 0.5 mM dUTP, 0.2 mM each dGTP, dCTP and dATPaS, 7 mM MgCl, 11% (viv)

~ glycerol, the indicated concentrations of amplification primers, 25 nM bumper primers, 50 ng
human placental DNA, the indicated amount of exonuclease deficient Klenow (Umted States
Biochemicals), 150 units HincII (New England Biolabs). Reactions were run r for the mdlcated
time at 41°C. SDA reactions contained varying amounts of M.tb DNA, which contains the
IS6110 target sequence for amplification. The S, amplification primer sequence, the Bj
bumper primer sequence and the B, bumper primer sequence used were as described by
Walker, et al. (1992. Nuc. Acids Res., supra). The Sz amplification primer (SEQ ID NO:2)
had the target binding sequence and HinclI site disclosed by these authors, but comprised a
different sequence at the 5' end. The ampliﬁcation primers hybridize to nucleotide positions
972-984 and 1011-1023 of the IS6110 sequence. The bumpér primers hybridize to nucleotide
positions 954-966 and 1032-1044. Secondary amplification products were visualized by
autoradiography after electrophoresns on denaturing polyacrylamide gels.

SDA reactions were performed for 3 hrs. in the presence of 0.1 nM of a 5'-32P-labeled
signal primer (SEQ ID NO:3). This signal primer is 28 nucleotides in length and hybridizes to
nucleotide pbsitions 085-1012 of the IS6110 target sequence, between the amplification
primers. S; and S, were present at 180 and 30 nM, respectively. Exonuclease deficient
Klenow was used at 0..25 units. Samples 1-4 contained 100, 10, 1 and 0 M.tb genome
molecules, respectively. During the SDA reaction, SEQ ID NO:3 is extended by polymerase
to a length of 44 nucleotides using the target sequence as a template. As discussed above, this
template is most likely primarily the displaced, amplified target strand generated during SDA,
but concurrent extension of the bumper, amplification and signal pri:pers on the original target

sequence has not been ruled out and would be expected to occur as well. The 44-mer is



(iii) NUVBER OF SEQUENCES: 12 (iv) OORRESPONDENCE ADDRESS: (A) ADDRESSEE:

Richard J. Rodrick - Becton, Dickinson and Conpany (B) ST :

Drive (C) CITY: Franklin Lakes (D) STATE: NJ (E) COUNTRY: R@;Ag @Eﬂgﬁﬂ
(v) COWUTER READABLE FORM (A MEDI UM TYPE: Fl oppy disk ( U"IQRD EC
PC conpati bl e (C) OPERATI NG SYSTEM PC- DOF&B- DOS (D) SOFTVARE™ ‘Patentin

Rel ease #14{dn1a 8 ﬁ'bﬂnthgjtaréét sequence by extension of the upstream amphﬁcatxon primer (S,).
The 3'-end of the 44-mer hybridizes to the 3'-end of the second amplification primer (S;) and a
double-stranded 65-mer is formed after extension by polymerase. The 44-mer and 65-mer
;econdary amplification products were observed only in the presence of the M.tb térget
sequence (samples l1-3), indicating signal primer extension and transformation to double
stranded form.

The preceding SDA reactions were repeated in the presence of 0.1 nM (samples 1-3) or
1 nM (samples 4-6) of a 5'-32-P-signal primer which was 15 nucleotides in length (SEQ ID
NO:4). ‘This signal primer hybridizes at nu.cleotide,positions 999-1013 of the IS6110 target
sequence, between the amplification primel;;. Sy and S, were used at 500 nM. Two units of
exonuclease deficient Klenow were used and SDA was performed for 2 hrs. The three
nucleotides at the 5'-end of SEQ ID NO:4 and the three nucleotides at the 3'-end of SEQ ID
NO:2 (the S, ampliﬁcétion primer) are identical and therefore compete for the same IS6110
binding site. Samples 1 and 4 contained 10000 M.tb genome molecules while samples 2 and §
contained 100 genome molecules. Samples 3 and 6 did not contain M.tb I?NA.
| During the SDA reaction, 45-mer and 66-mer secondary products are produced when
the targét sequence is amplified. Théy were observed only in the presence of M.tb DNA,
indicating extension of the signal primer and transformation into double stranded form
(samples 1, 2, 4 and 5). In the absence of M.tb DNA (samples 3 and 6), no radiolabeled
products were seen. More sensitive detection was obtained when using a concentration of 1
nM of signal primer (samples 4-6) as compared to 0.1 nM, most likely due to more favorable
hybridization kinetics fdr the signal primer and improved thermodynamic stability of the signal
primer/target sequence hybrid during SDA.
SDA was repeated in the presence of 0.1 nM of a 5'-32P-labeled signal primer which
was 42 nucleotides in length (SEQ ID NO:5). The 26 nucleotides at the 3-end of the signal
primer (the target binding sequence) hybridize to the IS6110 target sequence at nucleotide

positions 985-1010, between the amplification primers. 5' to the target binding sequence is a



(VI.) CURRENT APPLI CATI ON DATA: (A) APPLI CATI ON NUMBER: (B) FILING DATE. _(QC)

CLASSI FI CATI ON: (viii) ATTORNEY/ AGENT | NFORMATI ON: (A) NAVE] EE&QIFAW EET
R (B) REGQ STRATI ON NUMBER: 32, 135 (C) REFERENCE/ DOCKET NUMH E&?

| NFORMATI ON FOR SEQ ID NO 1: (i) SEQUENCE, GHARACTER! STI CS: (|A), L ENGTHDED51995
base pairs (B) TYPE: nucleic acid (C) STREADEDNESS: si ngl e (DLoLCBOrtiEy

l'i near recognition site for the restriction endonuclease HincIl. S; and S, were present at 180 and 30

nM. Exonuclease deficient Klenow was used at 0.25 units and SDA was performed for 3 hrs.
Samples 1-4 contained 100, 10, 1 and 0 M.tb genome molécules.

During the SDA reaction, the signal primer is extended by the polymerase to a length
c')f 58 nucleotides. This 58-mer is displaced by extension of the upstream amplification primer
(SEQ ID NO:2). The 3'-end of the 58-mer hybridizes to the 3'-end of the other amplification
primer (S;), forming a double-stranded 79-mer after extension by polymerase. The HincIl
recognition site at the 5'-end of the éignal primer becomes cleavable by HinclI upon formatiori
of the double-stranded 79-mer. That is, in the double-stranded 79-mer, both the strand
comprising the original signal primer and the strand formed through polymerase extension
using dGTP, dCTP,-TTP and dATPaS are cleavable. HincII does not cleave the signal primer
in its original .single-stranded form. Cleavage of the double stranded 79-mer during the SDA
reaction produces a 5f—32P-labeled 13-mer which is detectable as a secondary ampliﬁcaﬁon
product.

58-mer and 79-mer primer éxtension secondary amplification products. and the 13-mer

" cleavage secondary amplification product were observed only in the presence of M.tb target
DNA (samples 1-3), indicating extension of the signal primer and transformation to double-
stranded form. In the absence of M.tb DNA no secondary amplification products (extension
products or cleavage products) were observed.

SDA was repeated in the presence of 0.1 nM of a 5'-32P-labeled signal primef which
was 33 nucleotides in length (SEQ ID NO:6). The 26 nucleotides at the 3'-end of the signal
primer (the target binding sequence) hybridize to the 1IS6110 target sequence at nucleotide
positions 985-1010, between the amplification pnmers 5' to the target binding sequence is a
recognition site for the restriction endonuclease EcoRI. S; and S, were present at 180 and 30
nM, respectively. Exonuclease deficient Klenow was used at 0.25 units. SDA was performed
for 3 hrs. Samples 1-4 contained 100, 10, 1 and 0 M.tb génome molecules. After SDA, 20




(ii) MOLECULE TYPE: DNA (genomic) (vi) ORI G NAL SOURCE: |
Mycobact'eri um tubercul osis (xi) SEQUENCE DESCRI PTI ON: SE
CGITATCCAC CATAC (2) I NFORMATION FOR SEQ ID NO 2: (i) SE c
CHARACTERI STICS: (A) LENGTH: 37 base pai '3 (B) TYPE: nucl elb&eagjldz.(%...
STRANDEDNESS: single (D TOPOLOGY: |inear=

D REPINGEMENT SHEET
DUENCE 1095,

units of EcoRI were added to each SDA reaction and the samples were incubated for 30 min.

at 37°C.

During the SDA reaction, the signal primer is extg_qded by the polymerase to a length
of 49 nucleotides. This 49-rﬁer is displaced by extension ot; the upstream amplification primer
(SEQ ID NO:Z). The 3'-end of the 49-mer hybridizes to the.3'-end of the other amplification
primer (S;), forming a double-stranded 70-mer after extension by polymerase. The EcoRI
recognition site at the 5'-end of the signal primer becomes cleavable by EcoRI upon formation
of the 70-mer and addition of EcoRI. EcoRI cleavage of the double-stranded 70-mer produces
a cleavage product which is a 5‘-_32P-labeled dinucleotide. This dinucleotide is detectable by
autoradiography asa secondary ampliﬁcatid;; product. | _

49-mer and: 70-mer extension px.'oducts and the dinucleotide cleavage s@ndm
amplification product-were observed only in the presence of M.tb target DNA (samples 1-3,
indicating extension of the signal primer and transformation to double-stranded form. In the
absence of M.tb DNA no secondary amplification products (extension products or cleavage
products) were observed. |

The 32P-dinucleotide cleavage product was alternatively detected by liquid scintillation
counting. SDA was repeated in the presence of 0.5 nM 5'-32P-labeled SEQ ID NO:6 signal
primer. Prior to its use in SDA, the 32P-labeled signal primer was purified away from the
gamma-32P-ATP used in the kinase labeling reaction by denaturing gel electrophoresis. S, and
S, were present at 180 and 30 nM. Exonuclease deficient Klenow was used at 0.25 units.
SDA was performed for 3 hrs. Samples 1-7 contained 105, 104, 103, 102, 10, 1 and 0 M.tb

genome molecules. After SDA, 40 units of EcoRI were added to each SDA reaction and the
| -samples were incubated at 37°C for 30 min.

A 12.5 pl aliquot from each 50 l SDA reaction was diluted to 75 il in 20 mM TRIS-
HCL (pH 7.4), 50 mM KCl, 5 mM MgCl,. Each of these samples was then filtered using a
MICROCON-10 microconcentrator (Amicon, Beverly, MA) and 32P activity was detected in

the filtrate and on the filter by liquid scintillation counting. The results are shown below




REPLACENMENT SHEET 27 (ii) MOLECULE TYPE: DNA (genonic)
Date: 12 DEC 1995 (vi) ORI G NAL SOURCE: (A) ORGANI SM M/cobg
tubercul osis (ix) FEATURE: (A) NAME/ KEY: m sc feature (B)
(D) OTHER | NFORVATI ON: /function= "Hincll recognition site

=T

(A) NAME/ KEY: msc feature (B) LOCATION: 2§..37 (D) OTHER

FERLAGEMENT SHEET
Haas,... |

/[function= "Target Binding —

Sample Initial # of Filtrate Filier (cpm)
M.tb Genome - (cpm)
Molecules
1 105 13,449 44,802
2 104 12,299 = 49,366
3 103 9,006 50,739
4 102 6,689 52,712
5 10 3,153 57,732
6 1 2,072 55,835
7 0 T 2120 57,995

The 32P-dinucleotide released by EcoRI cleavage of the double-stranded 70-mer
extension product is small enough that it passes through the MICROCON-10 filter, while the
larger initial 32P-labeled 33-mer signal primer and 32P-labeled 49-mer extension product are
retained on the filter. Using this filtration detection method, the IS6110 target sequence could

be detected in a sample which contained as few as 10 M.th genomes prior to SDA.
EXAMPLE 3

Two -signal primers, one modified to facilitate capture and one modified to facilitate
detection, were used to generate secondary amplification products in an SDA reaction. In this
experiment, one signal primer had an affinity ligand (Q', three biotin moieties) attached to its 5'

end and the second signal primer was 5'-end labeled with a réporter group (R, a 32P-containing
phosphate group). Thus, double-stranded secondary amplification products which comprised
both the reporter group and the affinity ligand (such as structure #3 and structure #9 of Fig.
1A and Fig. 1B) could be captured and detected. In this example, streptavidin coated magnetic



Sequence"
TGACACTGAG ATCCCCT (2) | NFORMATION FOR SEQ I D NO 3: (i) SEQUENGPILACEMENT SHEET

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 2: GCATTATAGI _ACCTGICTGL - ———p—j

CHARACTERI STICS: (A) LENGTH: 28 base pairs (B) TYPE: nucleid aci d

(C
STRANDEDNESS: singl e (D) TOPOLOGY: |inear (hi) MOLECULE TYPH pbhA (b nBRk. 9.
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SEQUENCE Db&{dRIwerk Wikd Hi-cuptireNdd3separitdThe(GEéonday!: ﬁﬁiﬁlﬁﬁ&%ﬁﬁﬂﬁﬂiﬁ;ﬁw}uch were

then detected by scintillation counting.

Biotinylated signal primers were prepared as follows. Oligonucleotide SEQ ID NO:7
was synthesized on an Applied Biosystems DNA Synthesizer Model 380B, using standard
phosphoramidite chemistry. The instrument was then used to attach three biotin groups to the
oligonucleotide by three successive couplings with BIOTIN ON phosphoramidite (Clonetech).
Following synthesis, the oligonucleotide was deprc;tected by treatment with concentrated
ammonia and purified by denaturing gel electrophoresis. The biotinylated signal primers with
attached affinity ligands for capture of the secondary amplification products are referred to as
capture signal primers and for the purposes of this example, are analogous to the Q-C' signal
primer of Fig. 1A and Fig. 1B wherein Q' comprises biotin.

To pfepare 32p-labeled signal primers, oligonucleotides SEQ ID NO:1 and SEQ ID
NO:8 were labeled with radioactive phosphate as described by Walker, et al. (1992. Nucl
Acids Res., suprd). The radiolabeled signal primers are referred to as detection signal primers
and, for the purposes of this example, are analogous to the R-B signal primer-of F1g 1A and
Fig. 1B wherein R comprises a radiolabel. In the experiment, one of these two detection signal
primers was used in conjunction with the capture signal primer to generate secondaty
amplification products. .. . |

SDA was carried out essentially as described by Walker, et al. (1992. Nucl. Acids Res.,
supra) with the following modifications. Amplification bﬁmers were SEQ ID NO:9 and SEQ
ID NO:10 (analogous to A and D' in Fig. 1A and Fig. 1B). These primers amplify a 103

“nucleotide fragment (nucleotide positions 944-1046) of the IS6110 insertion element of M.tb.

Each 50 pl reaction contained the following components: 45 mM K;PO,, pH 7.5; 6 mM
MgCly; 0.1 mg/ml acetylated BSA; 12% dimethylsulfoxide; 0.5 mM dUTP; 0.2 mM each
dCTP, dGTP, dATPaS; 500 nM amplification primers; 50 nM bumper primers (SEQ ID
NO:11 and SEQ ID NO:12); 75 nM detection signal primer and capture signal primer (SEQ ID
NO:1 and SEQ ID NO:7 or SEQ ID NO:8 and SEQ ID NO:7); 100 ng human placental DNA,




(2) | NFORMATION FOR'SEQ I D NO 4: (i) SEQUENCE CHARACTERI STI
15 -base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:. si ngl
linear (ii) MOLECULE TYPE: DNA (genomic) (vi) ORI A NAL SCQU
ORGANI SM  Mycobact eri um tubercul osis (xi) SEQUENCE DESCRI PTI|O _
NO 4: CCTATCCGTA TGGIG (2) | NFORMATI ON FGB3SEQ ID NO'5: (i) ‘SECHENEE

CHARACTERI 130! Gi5its HisjcIl ENSYHEngléhddBicdatgpi 2.8 units exo- Klenow DNA polymerase (US

Biochemicals); 3% (v/v) glyceroi added with enzymes; and either 0 or 105 copies of the M.tb
genome.

All reaction components, except MgCl,, HinclI and polymerase, were assembled and
tl-le mixtures were heated to 95°C for two minutes. The samples were then placed in a water
bath at 40°C for two minutes, 3 pl of 0.1 M MgCl, were added to each sample and the
samples' were mixed. Three pl of an enzyme mixture containing 50 units/ul Hincll, 0.833
units/ul polymerase and 50% (v/v) glygerol were added and the samples were incubated at
40°C for 2 hrs. |

Aﬁer incubation, a 5 pl aliquot of each reaction mixture was analyzed by denaturing gel
electrophoresis. Because detection on gels fequires only the presence of R, various products
appeared in the range of 50-120 nucleotides for samples containing genomic M.tb DNA.
These bands were absent in reactions lacking M.tb DNA, indicating that the reaction products
in this size range were target-specific. The secondary amplification products predicted for this
example, determined by calculation of the known sizes and binding positions of the signal
primers according to the reaction scheme outlined in Fig. 1A and Fig. 1i3, are shown in the
following Table. As can be seen from Fig. 1A and Fig. 1B, structure #3 (in single-stranded
form on denaturing g::ls) contains R and is detectable. In addition, the detectable single strand
of structure #3 is identical to structure #2 and to the detectable single strand of structure #9.
These secondary amplification products are therefore indistinguishable on the gel. Structure
#4 and structure #5 (also in single-stranded for;n on denaturing gels) are also detectable by

virtue of the presence of R.



(B) TYPE:. nucleic acid (C) STRANDEDNESS: single REPLACEMENT SHEET ( D)
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TOPOLOGY: |inear Date :12 DE %@ 5\!( —
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Structure (Fig. 1A and 1B) 32p.Labeled Signal Primer

SEQ ID NO:1 SEQ ID NO:8
43, #9 and #8 52nt 92nt
#4 S8 nt 98 nt
#5 _ _ 79 nt 119 nt

Streptavidin-coated magnetic beads (Streptavidin Paramagnetic Particles, Nucleic Acid

. Qualified, 1 mg/ml, Promega Corporation, Madison, WI) were washed three times with 1X'
PBS as recommended by the manufacturer.- For each analysis, 50 pg of the beads were
suspended in 180 ul of 1X PBS in a 1.5 ml eppendorf tube and combined with 20 ul of the
SDA reaction mixture. These samples were incubated with occasional mixing for 10 min. at

room temperature. A magnet was then used to gather the beads on one side of the tube and |
the supernatant was removed. The beads were then washed by resuspending them in 1X PBS
(200 ub), gathering them magnetically on the side of the tube and removing the supernatant.
This waslﬁng process was repeated three more times; and the 32P activity remaining on the
beads was detected by liquid scintillation counting. The results are shown in the following

Table:

Detector Signal Primer 103 Initial Genome Molecules O Initial Genome Molecules
SEQID NO:1 80,547 cpm 1,080 cpm
SEQ ID NO:8 54,385 cpm 961 cpm

Small aliquots of the beads (10%), removed prior to scintillation counting, were heated
to 95°C in the presence of 50% urea and subjected to electrophoresis on a denamﬁﬁg

polyacrylamide gel. Only structure #3 and structure #9 contain both the biotin modification
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SEQUENCE  DEi-Hle32p hbel, A0 it Wadpreicted et okt thesd SHlRATER oult bidAaTthd beddsand

be detectable. Autoradiography of the gel did show that the structure #3 and structure #9
secondary amplification products represent the predominant radioactive species retained by the
beads during the magnetic separation process. However, smaller amounts of a species
corresponding to structure #1 also appeared on the autoradiogram. It is possible that structure
#1, produced by extension of the detector signal primer, hay be captured when hybridized toa
Q'-C' capture signal primer (prior to capture signal primer extension and generation of
structure #2; lsee the reaction step following structure #1 in Fig. 1A). Although small amounts
of structure #1 were apparently captured and detected in addition to the predicted structures
#3 and #9, all captured and detected semnd#ry'mnpliﬁcation_products were target specific and
did not appear in samples lacking genomic M.tb DNA. | _

The background radioactivity detected on the beads in the absence of M.tb DNA (0
initial genome molecules) appears to be due to nonspecific binding of unreacted detector signal
primers.  Electrophoretic analysis of beads from these samples showed that the only
radioactive material present was a very faint band corresponding to the detector signal primers,
~ even after overnight exposure of the autdradiogram. However, the secondary amplification

products were clearly detected above these background levels of signal.
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(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
{(A) APPLICATION NUMBER:
(B) FILING DATE:
(CY CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Fugit, Donna R.
* (B} REGISTRATION NUMBER: 32,135
(C) REFERENCE/DOCKET NUMBER: P-2821

{(2) INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Mycobacterium tuberculosis
(xi) SEQUENCE DESCRIPTION: QEQ ID NO:1:
~ CGTTATCCAC CATAC
{(2) INFORMATION FOR SEQ ID NO:2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid

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



(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii)

MOLECULE TYPE: DNA (genomic) . REPLACEMENT SHEET 29 _
Date .12 DEC 1995 (vi) ORI G NAL SOURCE: (A) ORGANISM Mcob CRBRLAGRMENT SHEET
tubercul osis (xi) SEQUENCE DESCRI PTION: SFQ I D NO 8: TTCATT CATA2ADEGA995

CCCGTACTCG ACQL&F%LWE%@%&EQ&P—NO 9: Date

(vi) ORIGINAL SOURCE: - _
(A) ORGANISM: Mycobacterium tuberculosis

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 19..24 )
(D) OTHER INFORMATION: /function= "HincII recognition
site"
(ix) FEATURE:
(A) NAME/KEY: misc_feature

{(B) IOCATION: 25..37 o
(D) OTHER INFORMATION: /function= "Target Binding

Sequence".
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
GCATTATAGT ACCTGTCIGT TGACACTGAG ATCCCCT
(2) INPORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE: )
(R) ORGANISM: Mycobacterium tuberculosis
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
CTATCCGTAT GGTGGATAAC GTCTTTCA
(2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 15 base pairs
(B) TYPE: nucleic acid
-{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE: :
(A) ORGANISM: Mycobacterium tuberculosis
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
CCTATCCGTA TGGTG
(2) INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 42 base pairs

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



(1) SEQUENCE CHARACTERISTICS (A) LENGTH: 36 base pairs (B) TYPE: nucleic

acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) ML
(genomic) (vi) ORIG NAL SOURCE: (A) ORGANI SM Mycobacteri um
(xi) SEQUENCE DESCRI PTION: SEQ ID NO 9: TT@EATAGTG CCTTACTTGI TGA
CATCTG (2) | NFORMATIONGHIIRoSEQ LAdHO. 101 (1) - SEQUENCE CHARAGTIBRIESTICR:

DECAI9% .

R eevsssoommoveynd

LENGTH. 35 base pairs (B) TYPE: nucleic acid
(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Mycobacterium tuberculosis

{ix) FEATURE:
(R) NAME/KEY: misc_feature
(B) LOCATION: 11..16
(D) OTHER INFORMATION: /function= "HincII recognition
site"

(i) SEQUENCE DESCRIPTION: SEQ ID NO:5:
GTACGTCTAT GTCAACATCC GTATGGTGGA TAACGTCTIT CA
(2) INFORMATION FOR SEQ ID NO:6:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
{B) TYPR: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE:

(A) ORGANISM: Mycobactenum tuberculos:s

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
GGAATTCATC CGTATGGTGG ATAACGTCTIT TCA
(2) INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE: .

(A) ORGANISM: Mycobacterium tuberculosis

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
TGACAGCATG ATAGAGCGGC ACTGAGATCC CCT

(2) INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 33 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)



(O STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA
('genomc) (vi) ORIGA NAL SOURCE: (A) ORGANI SM Mycobacteriuyum.tubercul osis

(xi ) SEQUENCE DESCRI PTI ON: SEQ | D NO. 10: TTGAAGTAAG GCACT é%\'%}%ﬁ?‘“
AACCG (2) | NFORMATI ON FOR SEQ ID NO 11: (i) SEQUENCE CHA S:

LENGTH: 12 base pairs (B) TYPE: nucleic a 'bd (C). STRANDEDNESS. sqqgmc(@bs ,i'
TOPOLOGY: Iineaqvi()ibﬂIdM%lugcngP_E: DNA tgenom c) _ —

(A) ORGANISM: Mycobacterium tuberculosis

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
TTCATTGGCA CATAAACAGC GGCGTACTCG ACC
(2) INFPORMATION FOR SEQ ID NO:9:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
(B) TYPR: nucleic acid
(C) STRANDEDNESS: gingle
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Mycocbacterium tuberculosis
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
TTGAATAGTG CCTTACTTGT TGACGCAAGC CATCTG
(2) INFORMATION FOR SEQ ID NO:10:
(i) SEQUENCE CHARACTERISTICS:
: (A) LENGTH: 35 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{(vi) ORIGINAIL SOURCE: -
(A) ORGANISM: Mycobacterium tuberculosis
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
TTGAAGTAAG GCACTATTGT ‘TGACTCGCTG AACCG
{(2) INFORMATION FOR SEQ ID NO:11:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Mycobacterium tuberculosis
{xi) _SEQUBNCE DESCRIPTION: SEQ ID NO:11:
TCCATGGTCC TC

(2) INFORMATION FOR SEQ ID NO:12:



(vi) ORI G NAL SOURCE: (A) ORGANI SM Mycobacterium tubercul osis (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NO 11: TCCATGGICC TC (2) | NFCRMATI
I D NG 12: 30 REPLACEMENT SHEET (i) SEQUENCE CHARACTE

Date : 12 DEC 1995 (A) LENGTH:. 13 base3Ba| rs (B) TYPE:
STRANDEDNESS: si ngl e

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

(ii) MOLECULE TYPE: DNA (genomic)
{(vi) ORIGINAL SOURCE:

(A) ORGANISM: Mycobacterium tuberculosis
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

CATAGGAGCT TCC



(D) TOPOLOGY rimear (11) MOLECULE TYPE: DNA (genonic) (vi) ORI G NAL

SOURCE: (A ‘ um t ubercul osis (xi) SEQJENCE DESCRI PTI ON:
SEQ I'D NO. 120:%%‘%%“@&“ EPLACEMENT SHEET 31

Date: 12 DEC 1995+« WHAT 4 S®CLAI MED |'S: 1- A method for c{rRBRLAGRMENT SHEET
generating a secondary anplification product and an arrpl |f catlon pijttcstlags

in a Strand D splacenent Anplification (S@) reacti on, fﬁefhe ---------------
WHAT IS CLAIMED IS:

1. A method for concurrently generating a secondary amplification product and an

' amplification product in a Strand Displacement Amplification (SDA) reaction, wherein the
SDA reaction comprises (i) a DNA polymerase having strand displacing activity and lacking 5'-
3' exonuclease activity and (ii) a réstriction endonuclease which nicks a hemimodified double
stranded restriction endonuclease recognition site, the method comprising;:

a) hybridizing a signal primer to a target sequence and hjbridizing a first SDA
amplification primer to the target sequence upstream of the signal primer;

b) extending the hybridized signal primer oﬁ the target sequence to produce a
signal primer extension product and extending the hybridized first amplification primer on the
target sequence such that extension of the first amplification primer displaces the signal primer
extension producf from the target sequence;

c) ‘ hybridizing a. second SDA amplification primer to the signal primer extension
product and extending the hybridized second amplification primer on the signal primer
extension product to produce a second amplification primer extension product comprising a
newly synthesized strand and double stranded hemimodified recognition site for the restriction
endonuclease; | |

d)  nicking the hemimodified recognition sité and displacing the newly synthesi"z"g'e'd
strand from the signal primer extension product using the DNA polymerase;

e) hybridizing the signal primer to thé displaced newly synthesized strand and
extending the signal primer such that a &ouble stranded secondary amplification product is

generated.



SDA reactlo DNA poI ynmerase having strand di S _
activity an“lﬂmuuummmlﬂzlmexonucl ease activity and (ii) a rjeBEPLACEMENT SHEET
endonucl ease *whecht nitks a*hemn nodi fi ed doubl e stranded restr

endonucl ease recognition site, the nmethgg conprising: a)

ction
Bitedi..z .4 DEC. 1995
signal priner _to a target sequence and "hybridi zin I rst

arrpl ificdtion T[.})‘FI mgthod cof Glaima} g@ft %feﬁ%%%“& Eeﬁg'!ﬁ‘ntéﬁ s?‘l’?éﬁé‘iygﬂ‘ﬁphﬁﬁap%r

ext e t he hybridi ze al. rlner he, t ar get se uence
) oduce. RSBy "‘SP'i‘%éb il ratioRht Teral B aRidh dedlines obioniied fto

first a I|f|c Lofy priner on the target sequence such that ext ensi on of
the firs %rf 5& ion priner displaces the signal priner extension
product fromthe target sequence; c) hybri di zing a second SDA

anplification prinmer to the signal priner extension product ‘and extendi ng

t he hybrizdi zedrwzaraRed I 1aiki Qa}vhd?éln Rhé S8Jon@dtyt AWl p rl%h&eifs &x&&é@bpn
product to produce a second anplification priier extenS|on pr oduct

conpri si mgeans ofa affiniynligaad or eshoster grotlp dvdrsteated énts thexsigtatiptiaed. modi f i ed
recognition site for the restriction endonucl ease;
4, The method of Claim 2 wherein the secondary amplification product is detected by
means of a nucleotide sequence incorporated into the signal primer, the nucleotide sequence

comprising a recognition site for a double-stratided DNA binding protein.

5. A method for concunentiy generating a secondary amplification product and an
amplification product in a Strand Displacement Amplification (SDA) reaction, wherein the
SDA reaction comprises (i) a DNA polymerase having strand displacing activity and lacking 5'-
3' exonuclease ac;tivity and (ii) a restriction enzyme which nicks a hemimodified double
stranded restriction endonuclease recognition site, the method comprising:

a) hybridizing a first signal primer to a first strand of a double-stranded target
sequence and hybridizing a first SDA amplification primer to the first strand of the target
sequence upétream of the first signal primer; |

b) - extending the hybridized first signal primer on the first strand to produce a first
extension product and extending the hybridized first amplification primer on the first strand
such that extension of the first amplification primer displaces the first extension product from
the target sequence;

c) hybridizing a second signal primer to the first extension product and hybridizing
a second SDA amplification primer to the first extension product upstream of the second signal

primer;



d). i cki ng ’ ﬂwm m recognition site and di spl acifff
synt hesi zed st ! Mﬂ] ’E Hnal priner extension product

pol yrer ase; yblrl di zifng*t he si gnal pr| mer to the displ
synt hesi zed strand and extending the sig _primer such that
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d extending the hybyidized sepomssign: agsmmz.r on therfigst giension produgtdom

d h ljficati
of 5 chanPEAPLAbHHEPI EEiEEROm PO and ARG s BEPciaet BHeade, SRR oAt o
(o't gna i tdhpion prdfies FEHIAR SlerlodlaP e WASHE b G5 BARIPEplaces
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the second extension product from the first extension product;
€) hybridizing the first signal primer to the displaced second extension product and
extending the hybﬁdized first signal primer on the second extension product such that a double

stranded secondary amplification product is generated.

6. The method of Claim 5 further comprising detecting the secondary amplification
product by means of a reporter group iticorporated into the first signal primer and a
modification to facilitate capture of the secondary amplification product incorporated into the

second signal primer.

7. The method of Claim 5 further comprising the steps of:

a) hyi)ﬁdizing the second signal primer to a second strand of the double stranded
target sequence and hybridizing the second amplification primer to the second strand of the
target sequence upstream of the second signal primer; " _

b) extending the hybridized second signal primer on the second strand to produce
a third extension product and extending the hybridized second amplification primer on the
second strand such that extension of the second amplification primer displaces the third
extension product from the second strand of the target sequence;

c) hybridizing the first signal primer to the displaced third extension product and
hybridizing the first amplification primer to the displaced third extension product upstream of
the first signal primer; -

d) extending the hybridized first signal primer on the third extension product to

produce a fourth extension product and extending the hybridized first amplification primer on




means and or reporter group incorporated i

prfﬁerorlmnﬂ“ﬂm“ﬂu M“g of Claim2 wherein the secondary a BEPL&%MB T SHEET
product ts dettect'ed® by” means of a nucl eot.i de sequence incor gorat ed L?t&cg &
signal priner, the nucleotide sequence 3onprising a recogni tj Bates it &f-OF % g-o-.

gener at > 56 R B A2 SRR Biefbonothe T S if P Sbiades e
in a StragdubPes WF)Bﬂﬁmg@the'tﬁ?& éﬁ&s‘cﬁ?ﬁbd&c@’am i on, wherein the SDA

reaction conprises (1l mer ase strand di splacing activity
and | acking 5'g Adiving RS SecBAd ki ﬂmm téltha didpladett foufthi }tenSiBA pr&duedi ch
ni cks a hem m)dl f | e doub e st rande restriction endonucl ease recognition
site, thandeixteadingahpsecondGigna) primen i thel fotirthdex@erisionsprodug nabkh phitre doditde a
first strand of a double-stranded target sequence and hybridizing a first
SDA anpl istrandedi secondaryramplificatidneproduct is genemated. of t he target sequence
upstreamof the first signal prinmer; b) extendi ng the hybridized first
signal priner on the first strand to produce a first ext ensi on product and

extendi ng t he h bridized first_applificatiqQn prine the first s
% y e method of Claim 7 ﬂr.lrpther compnsgng detectmg ﬂ?e secondary ampltitr cation

product by means of a chemical modification or special nucleotide sequence incorporated into

the signal primer.

9. The method of Claim 8 wherein the secondary amplification product is detected by

means of an affinity ligand or reporter group incorporated into the signal primer.

10.  The method of Claim 8 wherein the secondary amplification product is detected by
means of a nucleotide sequence incorporated into the signal primer, the nucleotide sequence

comprising a recognition site for a doi;ble-stranded DNA binding protein. .



such that- extension of the first anplification prinmer displaces the first
extensi-on product from.the target sequence; c¢) hybri di zi

signal prinmer to the first extension product and hybri di zi LACEMENESHEET
anplification primer to the first extension product upstre of tt?e?wqmc
signal prinmer; REPLACEVMENT SHEET Date ..... 12...DEC. 19pPate gy Vi
extendi ng the hybridi zed second signal prid8 on the first extension

product to produce a second extension prodoct and extending the hybridized
second anplification prinmer on the first extension product sggh that
extension of the second anplification prinmer displaces thes¢Eend extension
product fromthe first extension product;
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e) hybridizing the first signal primer to-the displaced second extensi on
product: and extendi ng the hybridized first signal primer on 8—SecHHo HEET
ext ensi on product such that a double stranded secondary anpli hspm¢EiﬂENTS
product is generated. 6. The nethod of Claimb5 further cdpprisi
detecting the secondary anplification prodygs by means of a i ¢past.
incorporated into the first signal prijimer and a nodificati onltte=fFaer
capture of the secondary anplification product incorporated4i nto the second

signal priner. 7. The nethod of Claimb5 further conprigg®Qg the steps of:
a) hybri di zi ng the second signal prinmer to a second st d,of the double
stranded target sequence and hybridi zing the second anglitijgation prinmer to
the second strand of the target sequence upstream of tkp eegand signal
primer; b) extendi ng the hybridi zed second signal priner{ffon the second

strand to produce a third extension prdguct and extendi ng<t W& hybri di zed
second anplification prinmer on the secogdd strand such that extension of the

second anplification prinmer displaces tF_e third 'cIJ
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extensi on product fromthe second strand of the target sequence; C) . ...
hybri dizing the first signal primer to the displaced third eNnsi ?EMEN:!:‘SHEET
product and hybridi zing-the first anplification priner to thig ace

third extension product upstreamof the-first signal primer;iiq) .. 1.2.DEC. 1995...
extending the hybridi zed first signal primer on-the third ex 8N ==
to produce a fourth extension product and3ggtendi ng the hybridized first
anplification primer on REPLACENMENT SHEET 34 . > _

Date ....12 DEC 1995 the third extension product sm d:uhatfég(tensi on of

the first anmplification prinmer displaces the fourth ext@gnsi omghoduct from

the third extension product; e) hybri di zi ng th(%t’:séé dsi %% prinmer to

t he di splaced fourth extension product
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and ext endi ng the second signal primer on the fourth extension product such
that a doubl e stranded secondary anplification product is generated. 8.

The nethod of Claim?7 further. conprising detecting the secondg=y -
anplification product b ns_of _a chem BaIAMﬂ&LFtI S"Ltr' ﬁn or {pREPIACEMENT SHEET
nucl eoti de seque ' sHEgRa—prel— 9. The ma‘%gm 1995
of Claim8 wherein the secondary anpl ABSIRAGK product is det ¢cPeid by -means "
of an affinity ligand or reporter group incorporated into the gTial )
primer. 10. The nethod of C aim 8 wherein the secondary anplification

product is dete y.means of a nucl.eotide sequence incorporated into.the

si gnal pri ner, %g‘?ﬂgcfoéo‘fqt?fé‘“&em '%r?ﬁrlpgaﬁﬁ@gap‘?‘ﬁgoﬁ’ﬁf“?si‘% p%‘?dl"&&f%: 3a

double-strande isp oI r}gnﬁ{ﬁggt?olnni'eaction which are coupled to, and an indication of;

amplification of the target sequence. 'fhe primer extension products are secondary, target-
specific DNA. products generated concurrently with SDA of the target sequence and can
therefore be used to detect and/or measure target sequence amplification in real-time. In
general, the secondary amplification products are not amplifiable and remain inert in the SDA
reactio.n after théy are formed without interfering with amplification of the target sequence.
'fhe secondary amplification products may be designed or modified to contain special features

to facilitate their detection, immobilization or localization.



