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(57) ABSTRACT 

Disclosed are compositions and methods for reducing or 

eliminating generation of unwanted, undesirable, or non 
speci?c ampli?cation products in nucleic acid ampli?cation 
reactions, such as rolling circle ampli?cation. One form of 
composition is an open circle probe that can form an 

intramolecular stem structure, such as a hairpin structure, at 
one or both ends. The stem structure alloWs the open circle 

probe to be circulariZed When hybridized to a legitimate 
target sequence but results in inactivation of uncirculariZed 
open circle probes. This inactivation, Which preferably 
involves stabilization of the stem structure, extension of the 
end of the open circle probe, or both, reduces or eliminates 
the ability of the open circle probe to prime nucleic acid 
synthesis or to serve as a template for rolling circle ampli 
?cation. The disclosed method is useful for detection, quan 
titation, and/or location of any desired analyte, such as 
proteins and peptides. 
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OPEN CIRCLE PROBES WITH 
INTRAMOLECULAR STEM STRUCTURES 

[0001] The present invention is in the ?eld of nucleic acid 
ampli?cation, and speci?cally in the area of reducing non 
speci?c ampli?cation in nucleic acid ampli?cation reactions. 

BACKGROUND OF THE INVENTION 

[0002] Numerous nucleic acid ampli?cation techniques 
have been devised, including strand displacement cascade 
ampli?cation (SDCA)(referred to herein as exponential roll 
ing circle ampli?cation (ERCA)) and rolling circle ampli 
?cation (RCA)(U.S. Pat. No. 5,854,033; PCT Application 
No. WO 97/19193; LiZardi et al., Nature Genetics 
19(3):225-232 (1998)); multiple displacement ampli?cation 
(MDA)(PCT Application WO 99/18241); strand displace 
ment ampli?cation (SDA)(Walker et al., Nucleic Acids 
Research 20:1691-1696 (1992), Walker et al., Proc. Natl. 
Acad. Sci. USA 89:392-396 (1992)); polymerase chain 
reaction (PCR) and other exponential ampli?cation tech 
niques involving thermal cycling, self-sustained sequence 
replication (3SR), nucleic acid sequence based ampli?cation 
(NASBA), and ampli?cation with O6 replicase (Birkenm 
eyer and MushahWar, J. Virological Methods 35:117-126 
(1991); Landegren, Trends Genetics 9:199-202 (1993)); and 
various linear ampli?cation techniques involving thermal 
cycling such as cycle sequencing (Craxton et al., Methods 
Companion Methods in Enzymology 3:20-26 (1991)). 

[0003] Rolling Circle Ampli?cation (RCA) driven by 
DNA polymerase can replicate circular oligonucleotide 
probes With either linear or geometric kinetics under iso 
thermal conditions (LiZardi et al., Nature Genet. 19: 225-232 
(1998); US. Pat. Nos. 5, 854,033 and 6,143,495; PCT 
Application No. WO 97/19193). If a single primer is used, 
RCA generates in a feW minutes a linear chain of hundreds 
or thousands of tandemly-linked DNA copies of a target that 
is covalently linked to that target. Generation of a linear 
ampli?cation product permits both spatial resolution and 
accurate quantitation of a target. DNA generated by RCA 
can be labeled With ?uorescent oligonucleotide tags that 
hybridiZe at multiple sites in the tandem DNA sequences. 
RCA can be used With ?uorophore combinations designed 
for multiparametric color coding (PCT Application No. WO 
97/19193), thereby markedly increasing the number of tar 
gets that can be analyZed simultaneously. RCA technologies 
can be used in solution, in situ and in microarrays. In solid 
phase formats, detection and quantitation can be achieved at 
the level of single molecules (LiZardi et al., 1998). Ligation 
mediated Rolling Circle Ampli?cation (LM-RCA) involves 
circulariZation of a probe molecule hybridiZed to a target 
sequence and subsequent rolling circle ampli?cation of the 
circular probe (US. Pat. Nos. 5, 854,033 and 6,143,495; 
PCT Application No. WO 97/19193). 

[0004] Artifacts—that is, unWanted, unexpected, or non 
speci?c nucleic acid molecules—have been observed in 
almost all nucleic acid ampli?cation reactions. For example, 
Stump et al., NucleicAcids Research 27:4642-4648 (1999), 
describes nucleic acid artifacts resulting from an illegitimate 
PCR process during cycle sequencing. In rolling circle 
ampli?cation, uncirculariZed open circle probes could prime 
synthesis during ampli?cation of circulariZed open circle 
probes. Other forms of artifacts can occur in other types of 
nucleic acid ampli?cation techniques. 
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[0005] Therefore, it is an object of the present invention to 
provide a method of reducing, preventing, or eliminating 
artifacts in nucleic acid ampli?cation reactions. 

[0006] It is another object of the present invention to 
provide open circle probes and primers that, When used in a 
nucleic acid ampli?cation reaction, can reduce, prevent, or 
eliminate artifacts in the nucleic acid ampli?cation reaction. 

[0007] It is another object of the present invention to 
provide kits for nucleic acid ampli?cation that can reduce, 
prevent, or eliminate artifacts in the nucleic acid ampli?ca 
tion reaction. 

BRIEF SUMMARY OF THE INVENTION 

[0008] Disclosed are compositions and methods for reduc 
ing or eliminating generation of unWanted, undesirable, or 
non-speci?c ampli?cation products in nucleic acid ampli? 
cation reactions. One form of composition is an open circle 
probe that can form an intramolecular stem structure, such 
as a hairpin structure, at one or both ends. Open circle probes 
are useful in rolling circle ampli?cation techniques. The 
stem structure alloWs the open circle probe to be circulariZed 
When hybridiZed to a legitimate target sequence but results 
in inactivation of uncirculariZed open circle probes. This 
inactivation, Which preferably involves stabiliZation of the 
stem structure, extension of the end of the open circle probe, 
or both, reduces or eliminates the ability of the open circle 
probe to prime nucleic acid synthesis or to serve as a 
template for rolling circle ampli?cation. 

[0009] In ligation-mediated rolling circle ampli?cation, a 
linear DNA molecule, referred to as an open circle probe or 
padlock probe, hybridiZes to a target sequence and is circu 
lariZed. The circulariZed probe is then ampli?ed via rolling 
circle replication of the circular probe. UncirculariZed probe 
that remains in the reaction can hybridiZe to nucleic acid 
sequences in the reaction and cause ampli?cation of unde 
sirable, non-speci?c sequences. The disclosed compositions 
and method address this problem by reducing or eliminating 
the potential uncirculariZed open circle probes from priming 
nucleic acid synthesis. Abasic form of the disclosed method 
involves use of the disclosed open circle probes in a rolling 
circle ampli?cation reaction or assay. 

[0010] The disclosed open circle probes can be inactivated 
in several Ways. For example, Where the 3‘ end of an open 
circle probe is involved in an intramolecular stem structure, 
the 3‘ end can be extended in a replication reaction using the 
open circle probe sequences as template. StabiliZation of the 
stem structure results in a reduction or elimination of the 
ability of the open circle probe to prime nucleic acid 
synthesis because the 3‘ end is stably hybridiZed to 
sequences in the open circle probe under the conditions used 
for nucleic acid replication. The open circle probe can also 
be inactivated by formation of the intramolecular stem 
structure during the ampli?cation reaction. As long as the 
end remains in the intramolecular stem structure, it is not 
available for priming nucleic acid synthesis. A preferred 
form of open circle probe includes a loop as part of the 
intramolecular stem structure. HybridiZation of the loop to 
the target sequence disrupts the intramolecular stem struc 
ture While hybridiZation of the loop to a mismatched or 
non-target sequence Will not. Thus, the sequence-discrimi 
nation ability of the open circle probe determines inactiva 
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tion of the open circle probe. AhybridiZation nucleating loop 
can also be used in linear primers used for nucleic acid 
replication and ampli?cation. 

[0011] The disclosed method is useful for detection, quan 
titation, and/or location of any desired analyte, such as 
proteins and peptides. The disclosed method can be multi 
plexed to detect numerous different analytes simultaneously 
or used in a single assay. Thus, the disclosed method is 
useful for detecting, assessing, quantitating, pro?ling, and/or 
cataloging gene expression and the presence of nucleic acids 
and protein in biological samples. The disclosed method is 
also particularly useful for detecting and discriminating 
single nucleotide differences in nucleic acid sequences. 
Thus, the disclosed method is useful for extensive multi 
plexing of target sequences for sensitive and speci?c detec 
tion of the target sequences themselves or analytes to Which 
the target sequences have been associated. The disclosed 
method is applicable to numerous areas including, but not 
limited to, analysis of proteins present in a sample (for 
example, proteomics analysis), disease detection, mutation 
detection, protein expression pro?ling, RNA expression 
pro?ling, gene discovery, gene mapping (molecular haplo 
typing), agricultural research, and virus detection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a diagram illustrating an open circle 
probe that forms hairpin intramolecular stem structures at 
both ends (top left). The open circle probe is shoWn hybrid 
iZed to a target sequence and ligated (top right). Possible 
intramolecular structures formed by the ligated open circle 
probe are also shoWn (bottom). 

[0013] FIGS. 2A and 2B are diagrams illustrating an open 
circle probe that forms a stem and loop intramolecular stem 
structure. If the target sequence is present, the open circle 
probe Will hybridiZe to the target sequence, be ligated, and 
serve as a template in rolling circle ampli?cation (FIG. 2A). 
If the target sequence is not present, the intramolecular 
structure remains and the 3‘ end of the open circle probe is 
extended using the “other” strand as template (FIG. 2B). 

[0014] FIG. 3 is a diagram illustrating hybridiZation, 
ligation, and ampli?cation of an open circle probe that forms 
a stem and loop intramolecular stem structure. Hybridization 
to the target sequence is nucleated by interaction betWeen 
nucleotides in the loop of the open circle probe and nucle 
otides in the target sequence (left). This nucleation causes 
the intramolecular stem structure to be disrupted (middle 
bottom). The freed end can noW hybridiZe to the target 
sequence, adjacent to the other end of the probe (right 
bottom). The open circle probe can then be ligated, thus 
circulariZing the probe, folloWed by rolling circle ampli? 
cation of the circulariZed probe (right top). 

[0015] FIGS. 4A, 4B, and 4C are diagrams illustrating 
hybridiZation of an open circle probe that forms a stem and 
loop intramolecular stem structure to a non-target sequence. 
In most cases, hybridiZation of loop sequences to a non 
target sequence Will leave the intramolecular stem structure 
intact (FIG. 4B). The open circle probe Will not be circu 
lariZed. Even if hybridiZation of the loop to a non-target 
sequence Were to disrupt the intramolecular stem structure, 
the non-target sequence is unlikely to have nucleotides 
complementary to end sequences of the open circle probe 
(FIG. 4C). 
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[0016] FIG. 5 depicts graphs of delta Ct versus time 
obtained from a real time ERCA reaction (Example 2). Delta 
Ct=(Ct minus ligase control-Ct plus ligase). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] Disclosed are compositions and methods for reduc 
ing or eliminating generation of unWanted, undesirable, or 
non-speci?c ampli?cation products in nucleic acid ampli? 
cation reactions. One form of composition is an open circle 
probe that can form an intramolecular stem structure, such 
as a hairpin structure, at one or both ends. Open circle probes 
are useful in rolling circle ampli?cation techniques. The 
stem structure alloWs the open circle probe to be circulariZed 
When hybridiZed to a legitimate target sequence but results 
in inactivation of uncirculariZed open circle probes. This 
inactivation, Which preferably involves stabiliZation of the 
stem structure, extension of the end of the open circle probe, 
or both, reduces or eliminates the ability of the open circle 
probe to prime nucleic acid synthesis or to serve as a 
template for rolling circle ampli?cation. 

[0018] In ligation-mediated rolling circle ampli?cation 
(LM-RCA), a linear DNA molecule, referred to as an open 
circle probe or padlock probe, hybridiZes to a target 
sequence and is circulariZed. The circulariZed probe is then 
ampli?ed via rolling circle replication of the circular probe. 
UncirculariZed probe that remains in the reaction can 
hybridiZe to nucleic acid sequences in the reaction and cause 
ampli?cation of undesirable, non-speci?c sequences. The 
disclosed compositions and method address this problem by 
reducing or eliminating the potential uncirculariZed open 
circle probes from priming nucleic acid synthesis. 

[0019] The disclosed open circle probes can be inactivated 
in several Ways. For example, Where the 3‘ end of an open 
circle probe is involved in an intramolecular stem structure, 
the 3‘ end can be extended in a replication reaction using the 
open circle probe sequences as template (see FIG. 2B). The 
result is stabiliZation of the intramolecular stem structure 
and a change in the 3‘ end sequence. StabiliZation of the stem 
structure results in a reduction or elimination of the ability 
of the open circle probe to prime nucleic acid synthesis 
because the 3‘ end is stably hybridiZed to sequences in the 
open circle probe under the conditions used for nucleic acid 
replication. Change in the sequence of the 3‘ end can reduce 
of the ability of the open circle probe to prime nucleic acid 
synthesis because the changed 3‘ sequences may not be as 
closely related to sequences involved in the ampli?cation 
reaction or assay. Change in the sequence of the 3‘ end can 
reduce of the ability of the open circle probe to serve as a 
template for rolling circle ampli?cation. For example, even 
if the open circle probe With extended 3‘ end Were circular 
iZed, the rolling circle replication primer could be prevented 
from priming replication of such a circle if the primer 
complement sequence on the open circle probe Were inter 
rupted by the added sequences. This can be accomplished 
by, for example, designing the open circle probe to have the 
primer complement sequence include both 5‘ and 3‘ end 
sequences of the open circle probe. 

[0020] The open circle probe can also be inactivated by 
formation of the intramolecular stem structure during the 
ampli?cation reaction. As long as the end remains in the 
intramolecular stem structure, it is not available for priming 
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nucleic acid synthesis. This form of inactivation is aided by 
design the intramolecular stem structure, or selecting ampli 
?cation conditions, such that the intramolecular hybrid 
remains stable during rolling circle ampli?cation. 

[0021] One form of the disclosed open circle probes 
includes a loop as part of the intramolecular stem structure. 
It is preferred that the loop contain sequences complemen 
tary to the target sequence. This alloWs the loop to nucleate 
hybridization of the open probe to the target sequence. 
Preferred forms of the loop-containing probes are charac 
teriZed by a sequence discrimination capability that is mark 
edly better that the comparable linear probes due to the 
competition betWeen the structural interferences betWeen 
folding due to intramolecular stem formation and linear 
rigidity due to hybridiZation of the probe sequence to the 
target (Tyagi and Kramer, Nat Biotechnol 14(3):303-8 
(1996); Bonnet et al., Proc Natl Acad Sci USA 
96(11):6171-6 (1999)). Preferred open circle probes of this 
type Will not hybridiZe to mismatched sequences under 
suitable conditions because duplex hybridiZation of probe to 
target does not effectively compete With intramolecular stem 
formation of the structured probe. This makes the end(s) of 
the open circle probe involved in an intramolecular stem 
structure unavailable for ligation to circulariZe the probe and 
leave the 3‘ end available for inactivating extension. The 
presence of target sequence causes the correctly matched 
open circle probe to unfold, alloWing the ends to hybridiZe 
to the target sequence and be coupled (see FIG. 3). Where 
sequences in the loop nucleate hybridiZation of the open 
circle probe to a target sequence, loop hybridization to a 
non-target sequence is unlikely to lead to circulariZation of 
the open circle probe. This is because it is unlikely that a 
non-target sequence Will include adjacent sequences to 
Which both the loop and open circle probe end can hybridiZe 
(see FIG. 4). 
[0022] A hybridiZation nucleating loop can also be used in 
linear primers used for nucleic acid replication and ampli 
?cation. Such a primer forms an intramolecular stem struc 
ture, including a loop. Loop-containing primers of this type 
Will not hybridiZe to mismatched sequences under suitable 
conditions because duplex hybridiZation of probe to target 
does not effectively compete With intramolecular stem for 
mation of the structured probe. This makes the end of the 
primer involved in an intramolecular stem structure unavail 
able for priming. The legitimate primer complement 
sequence causes the correctly matched primer to unfold, 
alloWing the end to hybridiZe to the primer complement 
sequence and prime synthesis. Where sequences in the loop 
nucleate hybridiZation of the primer, loop hybridiZation to 
an illegitimate sequence is unlikely to lead to priming. This 
is because it is unlikely that an illegitimate sequence Will 
include adjacent sequences to Which both the loop and the 
primer end can hybridiZe. Including proximity-sensitive 
labels used in molecular beacon probes in such primers 
alloWs hybridiZation and priming by the primers to be 
detected through activation of the label upon disruption of 
the intramolecular stem structure (Tyagi and Kramer, Nat 
Biotechnol 14(3):303-8 (1996); Bonnet et al., Proc Natl 
Acad Sci USA 96(11):6171-6 (1999)). 

[0023] The disclosed method is useful for detection, quan 
titation, and/or location of any desired analyte. The dis 
closed method can be multiplexed to detect numerous dif 
ferent analytes simultaneously or used in a single assay. 
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Thus, the disclosed method is useful for detecting, assessing, 
quantitating, pro?ling, and/or cataloging gene expression 
and the presence of protein in biological samples. The 
disclosed method is also particularly useful for detecting and 
discriminating single nucleotide differences in nucleic acid 
sequences. This speci?city is possible due to the sensitivity 
of the intramolecular stem structure in loop-containing 
probes and primers to mismatches betWeen the loop 
sequence and a prospective target sequence. Thus, the dis 
closed method is useful for extensive multiplexing of target 
sequences for sensitive and speci?c detection of the target 
sequences themselves or analytes to Which the target 
sequences have been associated. The disclosed method is 
also useful for detecting, assessing, quantitating, and/or 
cataloging single nucleotide polymorphisms, and other 
sequence differences betWeen nucleic acids, nucleic acid 
samples, and sources of nucleic acid samples. 

[0024] The disclosed method is useful for detecting any 
desired sequence or other analyte, such as proteins and 
peptides. In particular, the disclosed method can be used to 
localiZe or amplify signal from any desired analyte. For 
example, the disclosed method can be used to assay tissue, 
transgenic cells, bacterial or yeast colonies, cellular material 
(for example, Whole cells, proteins, DNA ?bers, interphase 
nuclei, or metaphase chromosomes on slides, arrayed 
genomic DNA, RNA), and samples and extracts from any of 
biological source. Where target sequences are associated 
With an analyte, different target sequences, and thus different 
analytes, can be sensitively distinguished. Speci?city of 
such detection is aided by sensitivity of a loop in an open 
circle probe to mismatches. 

[0025] The disclosed method is applicable to numerous 
areas including, but not limited to, analysis of proteins 
present in a sample (for example, proteomics analysis), 
disease detection, mutation detection, protein expression 
pro?ling, RNA expression pro?ling, gene discovery, gene 
mapping (molecular haplotyping), agricultural research, and 
virus detection. Preferred uses include protein and peptide 
detection in situ in cells, on microarrays, protein expression 
pro?ling; mutation detection; detection of abnormal proteins 
or peptides (for example, overexpression of an oncogene 
protein or absence of expression of a tumor suppressor 
protein); expression in cancer cells; detection of viral pro 
teins in cells; viral protein expression; detection of inherited 
diseases such as cystic ?brosis, muscular dystrophy, diabe 
tes, hemophilia, sickle cell anemia; assessment of predispo 
sition for cancers such as prostate cancer, breast cancer, lung 
cancer, colon cancer, ovarian cancer, testicular cancer, pan 
creatic cancer. The disclosed method can also be used for 
detection of nucleic acids in situ in cells, on microarrays, on 
DNA ?bers, and on genomic DNA arrays; detection of RNA 
in cells; RNA expression pro?ling; molecular haplotyping; 
mutation detection; detection of abnormal RNA (for 
example, overexpression of an oncogene or absence of 
expression of a tumor suppressor gene); expression in cancer 
cells; detection of viral genome in cells; viral RNA expres 
sion; detection of inherited diseases such as cystic ?brosis, 
muscular dystrophy, diabetes, hemophilia, sickle cell ane 
mia; assessment of predisposition for cancers such as pros 
tate cancer, breast cancer, lung cancer, colon cancer, ovarian 
cancer, testicular cancer, pancreatic cancer. 
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[0026] Rolling Circle Ampli?cation 

[0027] The disclosed probes and primers are generally 
useful in rolling circle ampli?cation (RCA) reactions. Roll 
ing circle ampli?cation is described in US. Pat. Nos. 
5,854,033 and 6,143,495. Rolling circle ampli?cation 
involves amplifying nucleic acid sequences based on the 
presence of a speci?c target sequence or analyte, such as a 
protein or peptide. The method is useful for detecting 
speci?c nucleic acids or analytes in a sample With high 
speci?city and sensitivity. The method also has an inherently 
loW level of background signal. Preferred embodiments of 
the method, referred to as ligation-mediated RCA (LM 
RCA), consist of a DNA ligation operation, an ampli?cation 
operation, and, optionally, a detection operation. The DNA 
ligation operation circulariZes a specially designed nucleic 
acid probe molecule (referred to as an open circle probe). 
This step is dependent on hybridiZation of the probe to a 
target sequence and forms circular probe molecules in 
proportion to the amount of target sequence present in a 
sample. The ampli?cation operation is rolling circle repli 
cation of the circulariZed probe. By coupling a nucleic acid 
tag to a speci?c binding molecule, such as an antibody, 
ampli?cation of the nucleic acid tag can be used to detect 
analytes in a sample. This is preferred for detection of 
analytes Where a target nucleic acid sequence is part of a 
reporter binding molecule, Where an ampli?cation target 
circle serves as an ampli?able tag on a reporter binding 
molecule, or Where an ampli?cation target circle is ampli?ed 
using a rolling circle replication primer that is part of a 
reporter binding molecule. Optionally, an additional ampli 
?cation operation can be performed on the DNA produced 
by rolling circle replication. Rolling circle ampli?cation can 
also be performed independently of a ligation operation. 

[0028] FolloWing ampli?cation, the ampli?ed sequences 
can be detected and quanti?ed using any of the conventional 
detection systems for nucleic acids such as detection of 
?uorescent labels, enZyme-linked detection systems, anti 
body-mediated label detection, and detection of radioactive 
labels. Major advantages of this method are that the ligation 
operation can be manipulated to obtain allelic discrimination 
and the ampli?cation operation is isothermal. In multiplex 
assays, the primer oligonucleotide used for DNA replication 
can be the same for all probes, or subsets of probes can be 
used for different sets of ampli?ed nucleic acids to be 
detected. Rolling circle ampli?cation is especially suited to 
sensitive detection of multiple analytes, such as proteins and 
peptides, in a single assay, reaction, or assay system. 

[0029] Rolling circle ampli?cation has tWo features that 
provide simple and consistent ampli?cation and detection of 
a target nucleic acid sequence. First, target sequences are 
ampli?ed via a small diagnostic probe With an arbitrary 
primer binding sequence. This alloWs consistency in the 
priming and replication reactions, even betWeen probes 
having very different target sequences. Second, ampli?ca 
tion takes place not in cycles, but in a continuous, isothermal 
replication: rolling circle replication. This makes ampli?ca 
tion less complicated and much more consistent in output. 

[0030] The disclosed compositions can also be used in 
methods for of multiplex detection of molecules of interest 
involving rolling circle replication. The methods are useful 
for simultaneously detecting multiple speci?c nucleic acids 
in a sample With high speci?city and sensitivity. The meth 
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ods also have an inherently loW level of background signal. 
Apreferred form of such a method consists of an association 
operation, an ampli?cation operation, and a detection opera 
tion. The method preferably also includes a ligation opera 
tion. The association operation involves association of one 
or more specially designed reporter binding molecules, 
either Wholly or partly nucleic acid, to target molecules of 
interest. The reporter binding molecules can target any 
molecule of interest but preferably target proteins or pep 
tides. This operation associates the reporter binding mol 
ecules to a target molecules present in a sample. The 
ampli?cation operation is rolling circle replication of circu 
lar nucleic acid molecules, termed ampli?cation target 
circles, that are either a part of, or hybridiZed to, the probe 
molecules. By coupling a nucleic acid tag to a speci?c 
binding molecule, such as an antibody, ampli?cation of the 
nucleic acid tag can be used to detect analytes in a sample. 

[0031] FolloWing rolling circle replication, the ampli?ed 
sequences can be detected using combinatorial multicolor 
coding probes (or other multiplex detection system) that 
alloW separate and simultaneous detection of multiple dif 
ferent ampli?ed target sequences representing multiple dif 
ferent target molecules. Major advantages of this method are 
that a large number of distinct target molecules can be 
detected simultaneously, and that differences in the amounts 
of the various target molecules in a sample can be accurately 
quanti?ed. The target molecules can be analytes of any 
nature (such as proteins and peptides) by associating the 
target sequences to be ampli?ed With the target molecules. 

[0032] Materials 

[0033] A. Open Circle Probes 

[0034] An open circle probe (OCP) is a linear single 
stranded DNA molecule, preferably containing betWeen 50 
to 1000 nucleotides, more preferably betWeen about 60 to 
150 nucleotides, and most preferably betWeen about 70 to 
100 nucleotides. The OCP has a 5‘ phosphate group and a 3‘ 
hydroxyl group. This alloWs the ends to be ligated (to each 
other or to other nucleic acid ends) using a ligase, coupled, 
or extended in a gap-?lling operation. Preferred open circle 
probes for use in the disclosed method can form an intramo 
lecular stem structure involving one or both of the OCP’s 
ends. Such open circle probes are referred to herein as 
hairpin open circle probes. An intramolecular stem structure 
involving an end refers to a stem structure Where the 
terminal nucleotides (that is, nucleotides at the end) of the 
OCP are hybridiZed to other nucleotides in the OCP (FIGS. 
1 and 2). 

[0035] The intramolecular stem structure can form a hair 
pin structure or a stem and loop structure. If both ends of an 
OCP are involved in an intramolecular stem structure, the 
tWo ends of the OCP can each form a separate intramolecular 
stem structure or can together form a single intramolecular 
stem structure. In the latter case the tWo ends Would be 
hybridiZed together. It is preferred that the 3‘ end of the open 
circle probe form an intramolecular stem structure. The 5‘ 
end of the open circle probe can also form an intramolecular 
stem structure, either alone, or in the same open circle probe 
having an intramolecular stem structure at the 3‘ end. The 
intramolecular stem structure preferably forms under con 
ditions suitable for nucleic acid replication, and in particular 
under conditions used for nucleic acid replication When the 
open circle probe is being used. For example, the intramo 
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lecular stem structure can be designed to form under con 
ditions used for rolling circle replication. The formation of 
the intramolecular stem structure during replication alloWs 
the structure to reduce or prevent participation of uncircu 
lariZed open circle probes in nucleic acid replication. In 
particular, the intramolecular stem structure prevents the 
open circle probe in Which the structure forms from serving 
as a template for rolling circle replication, from priming 
nucleic acid replication, or both. This folloWs from the 
sequestration of the end of uncirculariZed open circle probe 
in the stem. The end of the open circle probe cannot 
hybridiZe to, and prime from, another sequence While 
sequestered in the intramolecular stem structure. It is also 
preferred that the intramolecular stem structure be more 
stable than hybrids betWeen the open circle probe and 
mismatched sequences. In this Way, the intramolecular stem 
structure Will be thermodynamically favored over undesired 
primer hybridiZations. Open circle probes that form intramo 
lecular stem structures at the 3‘ end Will have the 3‘ end 
eXtended during replication (using open circle probe 
sequences as template). This serves to stabiliZe the intramo 
lecular stem structure in the uncirculariZed open circle 
probes, making them unavailable for priming. 
[0036] Portions of the OCP have speci?c functions mak 
ing the OCP useful for RCA and LM-RCA. These portions 
are referred to as the target probe portions, the primer 
complement portion, the spacer region, the detection tag 
portions, the secondary target sequence portions, the address 
tag portions, and the promoter portion. The target probe 
portions and the primer complement portion are required 
elements of an open circle probe. The primer complement 
portion is preferably part of the spacer region. Detection tag 
portions, secondary target sequence portions, and promoter 
portions are optional and, When present, are part of the 
spacer region. Address tag portions are optional and, When 
present, may be part of the spacer region. The primer 
complement portion, and the detection tag portions, the 
secondary target sequence portions, the address tag portions, 
and the promoter portion, if present, are preferably non 
overlapping. HoWever, various of these portions can be 
partially or completely overlapping if desired. Generally, an 
open circle probe is a single-stranded, linear DNA molecule 
comprising, from 5‘ end to 3‘ end, a 5‘ phosphate group, a 
right target probe portion, a spacer region, a left target probe 
portion, and a 3‘ hydroXyl group, With a primer complement 
portion present as part of the spacer region. Those segments 
of the spacer region that do not correspond to a speci?c 
portion of the OCP can be arbitrarily chosen sequences. It is 
preferred that OCPs do not have any sequences that are 
self-complementary. It is considered that this condition is 
met if there are no complementary regions greater than siX 
nucleotides long Without a mismatch or gap. It is also 
preferred that OCPs containing a promoter portion do not 
have any sequences that resemble a transcription terminator, 
such as a run of eight or more thymidine nucleotides. 

[0037] The open circle probe, When ligated and replicated, 
gives rise to a long DNA molecule containing multiple 
repeats of sequences complementary to the open circle 
probe. This long DNA molecule is referred to herein as 
tandem sequences DNA (TS-DNA). TS-DNA contains 
sequences complementary to the target probe portions, the 
primer complement portion, the spacer region, and, if 
present on the open circle probe, the detection tag portions, 
the secondary target sequence portions, the address tag 
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portions, and the promoter portion. These sequences in the 
TS-DNA are referred to as target sequences (Which match 
the original target sequence), primer sequences (Which 
match the sequence of the rolling circle replication primer), 
spacer sequences (complementary to the spacer region), 
detection tags, secondary target sequences, address tags, and 
promoter sequences. 

[0038] 1. Target Probe Portions 

[0039] There are tWo target probe portions on each OCP, 
one at each end of the OCP. The target probe portions can 
each be any length that supports speci?c and stable hybrid 
iZation betWeen the target probes and the target sequence. 
For this purpose, a length of 10 to 35 nucleotides for each 
target probe portion is preferred, With target probe portions 
15 to 25 nucleotides long being most preferred. The target 
probe portion at the 3‘ end of the OCP is referred to as the 
left target probe, and the target probe portion at the 5‘ end of 
the OCP is referred to as the right target probe. These target 
probe portions are also referred to herein as left and right 
target probes or left and right probes. The target probe 
portions are complementary to a target nucleic acid 
sequence. 

[0040] The target probe portions are complementary to the 
target sequence, such that upon hybridiZation the 5‘ end of 
the right target probe portion and the 3‘ end of the left target 
probe portion are base-paired to adjacent nucleotides in the 
target sequence, With the objective that they serve as a 
substrate for ligation. 

[0041] Where the intramolecular stem structure of an open 
circle probe forms a stem and loop structure, it is preferred 
that a portion of one of the target probe portions of the open 
circle probe is in the loop of the stem and loop structure. 
This portion of the target probe portion in the loop can then 
hybridiZe to the target sequence of the open circle probe. 
Such an arrangement alloWs design of hairpin open circle 
probes Where the stability of the intramolecular stem struc 
ture depends on the presence or absence of the speci?c target 
sequence. In particular, an open circle probe that forms a 
stem and loop structure With a portion of the target probe 
portion in the loop can be designed so that hybridiZation of 
the target probe portion in the loop to the target sequence 
disrupts the intramolecular stem structure (FIG. 2; Tyagi 
and Kramer, Nat Biotechnol 14(3):303-8 (1996); Bonnet et 
al., Proc Natl Acad Sci USA 96(11):6171-6 (1999)). In this 
Way, the intramolecular stem structure remains intact in the 
absence of the target sequence and thus reduces or elimi 
nates the ability of the open circle probe to prime nucleic 
acid replication (or to serve as a template for rolling circle 
replication). In the presence of the target sequence, disrup 
tion of the intramolecular stem structure alloWs the end of 
the open circle probe to hybridiZe to the target sequence. 
This hybrid betWeen the target sequence and the end of the 
open circle probe alloWs the ends of the open circle probe to 
come into proximity on the target sequence Which in turn 
alloWs ligation of the ends (FIG. 3). For this form of hairpin 
open circle probe, it is preferred that hybridiZation of the 
loop to a sequence other than the target sequence does not 
disrupt the intramolecular stem structure. Preferably, the 
hybrid betWeen the target sequence and the target probe 
portion at the end of the open circle probe is more stable than 
the intramolecular stem structure. This helps stabiliZe 
hybridiZation of the open circle probe to the target sequence 
in competition With the intramolecular stem structure. 
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[0042] Discrimination of open circle probe hybridization 
also can be accomplished by hybridizing probe to target 
sequence under conditions that favor only eXact sequence 
matches leaving other open circle probes unhybridiZed. The 
unhybridiZed open circle probes Will retain or re-form the 
intramolecular hybrid and the end of the open circle probe 
involved in the intramolecular stem structure Will be 
eXtended during replication. 

[0043] In another form of open circle probe, the 5 ‘ end and 
the 3‘ end of the target probe portions may hybridiZe in such 
a Way that they are separated by a gap space. In this case the 
5‘ end and the 3‘ end of the OCP may only be ligated if one 
or more additional oligonucleotides, referred to as gap 
oligonucleotides, are used, or if the gap space is ?lled during 
the ligation operation. The gap oligonucleotides hybridiZe to 
the target sequence in the gap space to a form continuous 
probe/target hybrid. The gap space may be any length 
desired but is generally ten nucleotides or less. It is preferred 
that the gap space is betWeen about three to ten nucleotides 
in length, With a gap space of four to eight nucleotides in 
length being most preferred. Alternatively, a gap space could 
be ?lled using a DNA polymerase during the ligation 
operation. When using such a gap-?lling operation, a gap 
space of three to ?ve nucleotides in length is most preferred. 
As another alternative, the gap space can be partially bridged 
by one or more gap oligonucleotides, With the remainder of 
the gap ?lled using DNA polymerase. 

[0044] 2. Primer Complement Portion 

[0045] The primer complement portion is part of the 
spacer region of an open circle probe. The primer comple 
ment portion is complementary to the rolling circle replica 
tion primer (RCRP). Each OCP preferably has a single 
primer complement portion. This alloWs rolling circle rep 
lication to initiate at a single site on ligated OCPs. The 
primer complement portion and the cognate primer can have 
any desired sequence so long as they are complementary to 
each other. The sequence of the primer complement portion 
is referred to as the primer complement sequence. In gen 
eral, the sequence of the primer complement can be chosen 
such that it is not signi?cantly similar to any other portion 
of the OCP. The primer complement portion can be any 
length that supports speci?c and stable hybridiZation 
betWeen the primer complement portion and the primer. For 
this purpose, a length of 10 to 35 nucleotides is preferred, 
With a primer complement portion 16 to 20 nucleotides long 
being most preferred. The primer complement portion can 
be located anyWhere Within the spacer region of an OCP. It 
is preferred that the primer complement portion is adjacent 
to the right target probe, With the right target probe portion 
and the primer complement portion preferably separated by 
three to ten nucleotides, and most preferably separated by 
siX nucleotides. This location prevents the generation of any 
other spacer sequences, such as detection tags and secondary 
target sequences, from unligated open circle probes during 
DNA replication. 

[0046] 3. Detection Tag Portions 

[0047] Detection tag portions are part of the spacer region 
of an open circle probe. Detection tag portions have 
sequences matching the sequence of the complementary 
portion of detection probes. These detection tag portions, 
When ampli?ed during rolling circle replication, result in 
TS-DNA having detection tag sequences that are comple 
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mentary to the complementary portion of detection probes. 
If present, there may be one, tWo, three, or more than three 
detection tag portions on an OCP. It is preferred that an OCP 
have tWo, three or four detection tag portions. Most prefer 
ably, an OCP Will have three detection tag portions. Gener 
ally, it is preferred that an OCP have 60 detection tag 
portions or less. There is no fundamental limit to the number 
of detection tag portions that can be present on an OCP 
eXcept the siZe of the QCP. When there are multiple detec 
tion tag portions, they may have the same sequence or they 
may have different sequences, With each different sequence 
complementary to a different detection probe. It is preferred 
that an OCP contain detection tag portions that have the 
same sequence such that they are all complementary to a 
single detection probe. For some multipleX detection meth 
ods, it is preferable that OCPs contain up to siX detection tag 
portions and that the detection tag portions have different 
sequences such that each of the detection tag portions is 
complementary to a different detection probe. The detection 
tag portions can each be any length that supports speci?c and 
stable hybridiZation betWeen the detection tags and the 
detection probe. For this purpose, a length of 10 to 35 
nucleotides is preferred, With a detection tag portion 15 to 20 
nucleotides long being most preferred. 

[0048] 4. Secondary Target Sequence Portions 

[0049] Secondary target sequence portions are part of the 
spacer region of an open circle probe. Secondary target 
sequence portions have sequences matching the sequence of 
target probes of a secondary open circle probe. These 
secondary target sequence portions, When ampli?ed during 
rolling circle replication, result in TS-DNA having second 
ary target sequences that are complementary to target probes 
of a secondary open circle probe. If present, there may be 
one, tWo, or more than tWo secondary target sequence 
portions on an OCP. It is preferred that an OCP have one or 
tWo secondary target sequence portions. Most preferably, an 
OCP Will have one secondary target sequence portion. 
Generally, it is preferred that an OCP have 50 secondary 
target sequence portions or less. There is no fundamental 
limit to the number of secondary target sequence portions 
that can be present on an OCP eXcept the siZe of the OCP. 
When there are multiple secondary target sequence portions, 
they may have the same sequence or they may have different 
sequences, With each different sequence complementary to a 
different secondary OCP. It is preferred that an OCP contain 
secondary target sequence portions that have the same 
sequence such that they are all complementary to a single 
target probe portion of a secondary OCP. The secondary 
target sequence portions can each be any length that supports 
speci?c and stable hybridiZation betWeen the secondary 
target sequence and the target sequence probes of its cognate 
OCP. For this purpose, a length of 20 to 70 nucleotides is 
preferred, With a secondary target sequence portion 30 to 40 
nucleotides long being most preferred. As used herein, a 
secondary open circle probe is an open circle probe Where 
the target probe portions match or are complementary to 
secondary target sequences in another open circle probe or 
an ampli?cation target circle. It is contemplated that a 
secondary open circle probe can itself contain secondary 
target sequences that match or are complementary to the 
target probe portions of another secondary open circle probe. 
Secondary open circle probes related to each other in this 
manner are referred to herein as nested open circle probes. 
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[0050] 5. Address Tag Portion 

[0051] The address tag portion is part of either the target 
probe portions or the spacer region of an open circle probe. 
The address tag portion has a sequence matching the 
sequence of the complementary portion of an address probe. 
This address tag portion, When ampli?ed during rolling 
circle replication, results in TS-DNA having address tag 
sequences that are complementary to the complementary 
portion of address probes. If present, there may be one, or 
more than one, address tag portions on an OCP. It is 
preferred that an OCP have one or tWo address tag portions. 
Most preferably, an OCP Will have one address tag portion. 
Generally, it is preferred that an OCP have 50 address tag 
portions or less. There is no fundamental limit to the number 
of address tag portions that can be present on an OCP eXcept 
the siZe of the OCP. When there are multiple address tag 
portions, they may have the same sequence or they may have 
different sequences, With each different sequence comple 
mentary to a different address probe. It is preferred that an 
OCP contain address tag portions that have the same 
sequence such that they are all complementary to a single 
address probe. Preferably, the address tag portion overlaps 
all or a portion of the target probe portions, and all of any 
intervening gap space. Most preferably, the address tag 
portion overlaps all or a portion of both the left and right 
target probe portions. The address tag portion can be any 
length that supports speci?c and stable hybridiZation 
betWeen the address tag and the address probe. For this 
purpose, a length betWeen 10 and 35 nucleotides long is 
preferred, With an address tag portion 15 to 20 nucleotides 
long being most preferred. 
[0052] 6. Promoter Portion 

[0053] The promoter portion corresponds to the sequence 
of an RNA polymerase promoter. Apromoter portion can be 
included in an open circle probe so that transcripts can be 
generated from TS-DNA. The sequence of any promoter 
may be used, but simple promoters for RNA polymerases 
Without complex requirements are preferred. It is also pre 
ferred that the promoter is not recogniZed by any RNA 
polymerase that may be present in the sample containing the 
target nucleic acid sequence. Preferably, the promoter por 
tion corresponds to the sequence of a T7 or SP6 RNA 
polymerase promoter. The T7 and SP6 RNA polymerases 
are highly speci?c for particular promoter sequences. Other 
promoter sequences speci?c for RNA polymerases With this 
characteristic Would also be preferred. Because promoter 
sequences are generally recogniZed by speci?c RNA poly 
merases, the cognate polymerase for the promoter portion of 
the OCP should be used for transcriptional ampli?cation. 
Numerous promoter sequences are known and any promoter 
speci?c for a suitable RNA polymerase can be used. The 
promoter portion can be located anyWhere Within the spacer 
region of an OCP and can be in either orientation. Preferably, 
the promoter portion is immediately adjacent to the left 
target probe and is oriented to promote transcription toWard 
the 3‘ end of the open circle probe. This orientation results 
in transcripts that are complementary to TS-DNA, alloWing 
independent detection of TS-DNA and the transcripts, and 
prevents transcription from interfering With rolling circle 
replication. 
[0054] B. Gap Oligonucleotides 
[0055] Gap oligonucleotides are oligonucleotides that are 
complementary to all or a part of that portion of a target 
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sequence Which covers a gap space betWeen the ends of a 
hybridiZed open circle probe. Gap oligonucleotides have a 
phosphate group at their 5‘ ends and a hydroXyl group at 
their 3‘ ends. This facilitates ligation of gap oligonucleotides 
to open circle probes, or to other gap oligonucleotides. The 
gap space betWeen the ends of a hybridiZed open circle 
probe can be ?lled With a single gap oligonucleotide, or it 
can be ?lled With multiple gap oligonucleotides. For 
eXample, tWo 3 nucleotide gap oligonucleotides can be used 
to ?ll a siX nucleotide gap space, or a three nucleotide gap 
oligonucleotide and a four nucleotide gap oligonucleotide 
can be used to ?ll a seven nucleotide gap space. Gap 
oligonucleotides are particularly useful for distinguishing 
betWeen closely related target sequences. For eXample, 
multiple gap oligonucleotides can be used to amplify dif 
ferent allelic variants of a target sequence. By placing the 
region of the target sequence in Which the variation occurs 
in the gap space formed by an open circle probe, a single 
open circle probe can be used to amplify each of the 
individual variants by using an appropriate set of gap 
oligonucleotides. 
[0056] C. Ampli?cation Target Circles 

[0057] An ampli?cation target circle (ATC) is a circular 
single-stranded DNA molecule, preferably containing 
betWeen 40 to 1000 nucleotides, more preferably betWeen 
about 50 to 150 nucleotides, and most preferably betWeen 
about 50 to 100 nucleotides. Portions of ATCs have speci?c 
functions making the ATC useful for rolling circle ampli? 
cation (RCA). These portions are referred to as the primer 
complement portion, the detection tag portions, the second 
ary target sequence portions, the address tag portions, and 
the promoter portion. The primer complement portion is a 
required element of an ampli?cation target circle. Detection 
tag portions, secondary target sequence portions, address tag 
portions, and promoter portions are optional. The primer 
complement portion, and the detection tag portions, the 
secondary target sequence portions, the address tag portions, 
and the promoter portion, if present, are preferably non 
overlapping. HoWever, various of these portions can be 
partially or completely overlapping if desired. Generally, an 
ampli?cation target circle is a single-stranded, circular DNA 
molecule comprising a primer complement portion. Those 
segments of the ATC that do not correspond to a speci?c 
portion of the ATC can be arbitrarily chosen sequences. It is 
preferred that ATCs do not have any sequences that are 
self-complementary. It is considered that this condition is 
met if there are no complementary regions greater than siX 
nucleotides long Without a mismatch or gap. It is also 
preferred that ATCs containing a promoter portion do not 
have any sequences that resemble a transcription terminator, 
such as a run of eight or more thymidine nucleotides. 
Ligated open circle probes are a type of AT C, and as used 
herein the term ampli?cation target circle includes ligated 
open circle probes. An ATC can be used in the same manner 
as described herein for OCPs that have been ligated. 

[0058] An ampli?cation target circle, When replicated, 
gives rise to a long DNA molecule containing multiple 
repeats of sequences complementary to the ampli?cation 
target circle. This long DNA molecule is referred to herein 
as tandem sequences DNA (TS-DNA). TS-DNA contains 
sequences complementary to the primer complement portion 
and, if present on the ampli?cation target circle, the detec 
tion tag portions, the secondary target sequence portions, the 
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address tag portions, and the promoter portion. These 
sequences in the TS-DNA are referred to as primer 
sequences (Which match the sequence of the rolling circle 
replication primer), spacer sequences (complementary to the 
spacer region), detection tags, secondary target sequences, 
address tags, and promoter sequences. Ampli?cation target 
circles are useful as tags for speci?c binding molecules. 

[0059] D. Rolling Circle Replication Primer 

[0060] A rolling circle replication primer (RCRP) is an 
oligonucleotide having sequence complementary to the 
primer complement portion of an OCP or ATC. This 
sequence is referred to as the complementary portion of the 
RCRP. The complementary portion of a RCRP and the 
cognate primer complement portion can have any desired 
sequence so long as they are complementary to each other. 
In general, the sequence of the RCRP can be chosen such 
that it is not signi?cantly complementary to any other 
portion of the OCP or ATC. The complementary portion of 
a rolling circle replication primer can be any length that 
supports speci?c and stable hybridiZation betWeen the 
primer and the primer complement portion. Generally this is 
10 to 35 nucleotides long, but is preferably 16 to 20 
nucleotides long. 

[0061] Preferred rolling circle replication primers for use 
in the disclosed method can form an intramolecular stem 
structure involving one or both of the RCRP’s ends. Such 
rolling circle replication primers are referred to herein as 
hairpin rolling circle replication primers. An intramolecular 
stem structure involving an end refers to a stem structure 
Where the terminal nucleotides (that is, nucleotides at the 
end) of the RCRP are hybridiZed to other nucleotides in the 
RCRP. 

[0062] The intramolecular stem structure can form a hair 
pin structure or a stem and loop structure. If both ends of an 
RCRP are involved in an intramolecular stem structure, the 
tWo ends of the RCRP can each form a separate intramo 
lecular stem structure or can together form a single intramo 
lecular stem structure. In the latter case the tWo ends Would 
be hybridiZed together. It is preferred that the 3‘ end of the 
rolling circle replication primer form an intramolecular stem 
structure. The 5‘ end of the rolling circle replication primer 
can also form an intramolecular stem structure, either alone, 
or in the rolling circle replication primer having an intramo 
lecular stem structure at the 3‘ end. The intramolecular stem 
structure preferably involves both ends of the primer and has 
a blunt end. Also preferred is a short 3‘ unpaired overhang. 
The intramolecular stem structure preferably forms under 
conditions suitable for nucleic acid replication, and in par 
ticular under conditions used for nucleic acid replication 
When the rolling circle replication primer is being used. For 
eXample, the intramolecular stem structure can be designed 
to form under conditions used for rolling circle replication. 
The formation of the intramolecular stem structure during 
replication alloWs the structure to reduce or prevent priming 
by rolling circle replication primers at unintended 
sequences. In particular, the intramolecular stem structure 
prevents the rolling circle replication primer in Which the 
structure forms from priming rolling circle replication, from 
priming nucleic acid replication, or both, at sites other than 
primer complement sequences (that is, the speci?c 
sequences complementary to the complementary portion of 
the rolling circle replication primer). This folloWs from the 
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sequestration of the end of rolling circle replication primer 
in the stem. The end of the rolling circle replication primer 
cannot hybridiZe to, and prime from, another sequence While 
sequestered in the intramolecular stem structure. For this 
purpose, it is preferred that the intramolecular stem structure 
be less stable that the hybrid betWeen the primer comple 
ment sequence and the complementary portion of the rolling 
circle replication primer (or, put another Way, the hybrid 
betWeen the primer complement sequence and the comple 
mentary portion of the rolling circle replication primer 
should be more stable than the intramolecular stem struc 
ture). It is also preferred that the intramolecular stem struc 
ture be more stable than hybrids betWeen the rolling circle 
replication primer and mismatched sequences. In this Way, 
the intramolecular stem structure Will be thermodynamically 
favored over undesired primer hybridiZations. Although 
rolling circle replication primers that form intramolecular 
stem structures at the 3‘ end leaving the 5‘ end unpaired and 
overhanging can be used, this is not preferred. In such a case, 
the 3‘ end could be eXtended during replication (using rolling 
circle replication primer sequences as template), thus inac 
tivating the primers. 
[0063] Where the intramolecular stem structure of a roll 
ing circle replication primer forms a stem and loop structure, 
it is preferred that a portion of the complementary portion of 
the rolling circle replication primer be in the loop of the stem 
and loop structure. This portion of the complementary 
portion in the loop can then hybridiZe to the primer comple 
ment sequence of the open circle probe. Such an arrange 
ment alloWs design of hairpin rolling circle replication 
primers Where the stability of the intramolecular stem struc 
ture depends on the presence or absence of the speci?c 
primer complement sequence. In particular, a rolling circle 
replication primer that forms a stem and loop structure With 
a portion of the complementary portion in the loop can be 
designed so that hybridiZation of the complementary portion 
in the loop to the primer complement sequence disrupts the 
intramolecular stem structure (Tyagi and Kramer, Nat Bio 
technol 14(3):303-8 (1996); Bonnet et al., Proc Natl Acad 
Sci USA 96(11):6171-6 (1999)). In this Way, the intramo 
lecular stem structure remains intact in the absence of the 
primer complement sequence and thus reduces or eliminates 
the ability of the rolling circle replication primer to prime 
nucleic acid replication. In the presence of the primer 
complement sequence, disruption of the intramolecular stem 
structure alloWs the end of the rolling circle replication 
primer to hybridiZe to the primer complement sequence. 
This hybrid betWeen the primer complement sequence and 
the end of the rolling circle replication primer alloWs the 
priming of nucleic acid replication by the primer. For this 
form of hairpin rolling circle replication primer, it is pre 
ferred that hybridiZation of the loop to a sequence other than 
the primer complement sequence does not disrupt the 
intramolecular stem structure. Preferably, the hybrid 
betWeen the primer complement sequence and the end of the 
rolling circle replication primer is more stable than the 
intramolecular stem structure. This helps stabiliZe hybrid 
iZation of the rolling circle replication primer to the primer 
complement sequence in competition With the intramolecu 
lar stem structure. 

[0064] Discrimination of rolling circle replication primer 
hybridiZation also can be accomplished by hybridiZing 
primer to primer complement portions of OCPs or ATCs 
under conditions that favor only eXact sequence matches 
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leaving other rolling circle replication primer unhybridiZed. 
The unhybridiZed rolling circle replication primers Will 
retain or re-form the intramolecular hybrid. 

[0065] It is preferred that rolling circle replication primers 
also contain additional sequence at the 5‘ end of the RCRP 
that is not complementary to any part of the OCP or ATC. 
This sequence is referred to as the non-complementary 
portion of the RCRP. The non-complementary portion of the 
RCRP, if present, serves to facilitate strand displacement 
during DNA replication. The non-complementary portion of 
a RCRP may be any length, but is generally 1 to 100 
nucleotides long, and preferably 4 to 8 nucleotides long. The 
rolling circle replication primer may also include modi?ed 
nucleotides to make it resistant to eXonuclease digestion. For 
eXample, the primer can have three or four phosphorothioate 
linkages betWeen nucleotides at the 5‘ end of the primer. 
Such nuclease resistant primers alloW selective degradation 
of eXcess unligated OCP and gap oligonucleotides that might 
otherWise interfere With hybridiZation of detection probes, 
address probes, and secondary OCPs to the ampli?ed 
nucleic acid. A rolling circle replication primer can be used 
as the tertiary DNA strand displacement primer in strand 
displacement cascade ampli?cation. 
[0066] Rolling circle replication primers may also include 
modi?ed nucleotides to make them resistant to eXonuclease 
digestion. For eXample, the primer can have three or four 
phosphorothioate linkages betWeen nucleotides at the 5‘ end 
of the primer. Such nuclease resistant primers alloW selec 
tive degradation of eXcess unligated OCP and gap oligo 
nucleotides that might otherwise interfere With hybridization 
of detection probes, address probes, and secondary OCPs to 
the ampli?ed nucleic acid. 

[0067] E. DNA Strand Displacement Primers 

[0068] Primers used for secondary DNA strand displace 
ment are referred to herein as DNA strand displacement 
primers. One form of DNA strand displacement primer, 
referred to herein as a secondary DNA strand displacement 
primer, is an oligonucleotide having sequence matching part 
of the sequence of an OCP or ATC. This sequence is referred 
to as the matching portion of the secondary DNA strand 
displacement primer. This matching portion of a secondary 
DNA strand displacement primer is complementary to 
sequences in TS-DNA. The matching portion of a secondary 
DNA strand displacement primer may be complementary to 
any sequence in TS-DNA. HoWever, it is preferred that it not 
be complementary TS-DNA sequence matching either the 
rolling circle replication primer or a tertiary DNA strand 
displacement primer, if one is being used. This prevents 
hybridiZation of the primers to each other. The matching 
portion of a secondary DNA strand displacement primer 
may be complementary to all or a portion of the target 
sequence. In this case, it is preferred that the 3‘ end nucle 
otides of the secondary DNA strand displacement primer are 
complementary to the gap sequence in the target sequence. 
It is most preferred that nucleotide at the 3‘ end of the 
secondary DNA strand displacement primer falls comple 
mentary to the last nucleotide in the gap sequence of the 
target sequence, that is, the 5‘ nucleotide in the gap sequence 
of the target sequence. The matching portion of a secondary 
DNA strand displacement primer can be any length that 
supports speci?c and stable hybridiZation betWeen the 
primer and its complement. Generally this is 12 to 35 
nucleotides long, but is preferably 18 to 25 nucleotides long. 
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[0069] Preferred secondary DNA strand displacement 
primers for use in the disclosed method can form an intramo 
lecular stem structure involving one or both of the secondary 
DNA strand displacement primer’s ends. Such secondary 
DNA strand displacement primers are referred to herein as 
hairpin secondary DNA strand displacement primers. An 
intramolecular stem structure involving an end refers to a 
stem structure Where the terminal nucleotides (that is, nucle 
otides at the end) of the secondary DNA strand displacement 
primer are hybridiZed to other nucleotides in the secondary 
DNA strand displacement primer. 
[0070] The intramolecular stem structure can form a hair 
pin structure or a stem and loop structure. If both ends of a 
secondary DNA strand displacement primer are involved in 
an intramolecular stem structure, the tWo ends of the sec 
ondary DNA strand displacement primer can each form a 
separate intramolecular stem structure or can together form 
a single intramolecular stem structure. In the latter case the 
tWo ends Would be hybridiZed together. It is preferred that 
the 3‘ end of the secondary DNA strand displacement primer 
form an intramolecular stem structure. The 5‘ end of the 
secondary DNA strand displacement primer can also form 
an intramolecular stem structure, either alone, or in the 
secondary DNA strand displacement primer having an 
intramolecular stem structure at the 3‘ end. The intramo 
lecular stem structure preferably involves both ends of the 
primer and has a blunt end. Also preferred is a short 3‘ 
unpaired overhang. The intramolecular stem structure pref 
erably forms under conditions suitable for nucleic acid 
replication, and in particular under conditions used for 
nucleic acid replication When the secondary DNA strand 
displacement primer is being used. 
[0071] For eXample, the intramolecular stem structure can 
be designed to form under conditions used for rolling circle 
replication. The formation of the intramolecular stem struc 
ture during replication alloWs the structure to reduce or 
prevent priming by secondary DNA strand displacement 
primers at unintended sequences. In particular, the intramo 
lecular stem structure prevents the secondary DNA strand 
displacement primer in Which the structure forms from 
priming nucleic acid replication at sites other than primer 
complement sequences (that is, the speci?c sequences 
complementary to the complementary portion of the sec 
ondary DNA strand displacement primer) in TS-DNA. This 
folloWs from the sequestration of the end of secondary DNA 
strand displacement primer in the stem. The end of the 
rolling circle replication primer cannot hybridiZe to, and 
prime from, another sequence While sequestered in the 
intramolecular stem structure. For this purpose, it is pre 
ferred that the intramolecular stem structure be less stable 
that the hybrid betWeen the primer complement sequence 
and the complementary portion of the secondary DNA 
strand displacement primer (or, put another Way, the hybrid 
betWeen the primer complement sequence and the matching 
portion of the secondary DNA strand displacement primer 
should be more stable than the intramolecular stem struc 
ture). It is also preferred that the intramolecular stem struc 
ture be more stable than hybrids betWeen the secondary 
DNA strand displacement primer and mismatched 
sequences. In this Way, the intramolecular stem structure 
Will be thermodynamically favored over undesired primer 
hybridiZations. Although secondary DNA strand displace 
ment primers that form intramolecular stem structures at the 
3‘ end leaving the 5‘ end unpaired and overhanging can be 
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used, they are not preferred. In such a case, the 3‘ end could 
be extended during replication (using secondary DNA strand 
displacement primer sequences as template), thus inactivat 
ing the primers. 

[0072] Where the intramolecular stem structure of a sec 
ondary DNA strand displacement primer forms a stem and 
loop structure, it is preferred that a portion of the comple 
mentary portion of the secondary DNA strand displacement 
primer be in the loop of the stem and loop structure. This 
portion of the complementary portion in the loop can then 
hybridiZe to the primer complement sequence in TS-DNA. 
Such an arrangement alloWs design of hairpin secondary 
DNA strand displacement primers Where the stability of the 
intramolecular stem structure depends on the presence or 
absence of the speci?c primer complement sequence. In 
particular, a secondary DNA strand displacement primer that 
forms a stem and loop structure With a portion of the 
matching portion in the loop can be designed so that 
hybridiZation of the matching portion in the loop to the 
primer complement sequence disrupts the intramolecular 
stem structure (Tyagi and Kramer, Nat Biotechnol 
14(3):303-8 (1996); Bonnet et al., Proc Natl Acad Sci USA 
96(11):6171-6 (1999)). In this Way, the intramolecular stem 
structure remains intact in the absence of the primer comple 
ment sequence and thus reduces or eliminates the ability of 
the secondary DNA strand displacement primer to prime 
nucleic acid replication. In the presence of the primer 
complement sequence, disruption of the intramolecular stem 
structure alloWs the end of the secondary DNA strand 
displacement primer to hybridiZe to the primer complement 
sequence. This hybrid betWeen the primer complement 
sequence and the end of the secondary DNA strand displace 
ment primer alloWs the priming of nucleic acid replication 
by the primer. For this form of hairpin secondary DNA 
strand displacement primer, it is preferred that hybridiZation 
of the loop to a sequence other than the primer complement 
sequence does not disrupt the intramolecular stem structure. 
Preferably, the hybrid betWeen the primer complement 
sequence and the end of the secondary DNA strand displace 
ment primer is more stable than the intramolecular stem 
structure. This helps stabiliZe hybridiZation of the secondary 
DNA strand displacement primer to the primer complement 
sequence in competition With the intramolecular stem struc 
ture. 

[0073] Discrimination of secondary DNA strand displace 
ment primer hybridiZation also can be accomplished by 
hybridiZing primer to primer complement portions in TS 
DNA under conditions that favor only eXact sequence 
matches leaving other secondary DNA strand displacement 
primer unhybridiZed. The unhybridiZed secondary DNA 
strand displacement primers Will retain or re-form the 
intramolecular hybrid. 

[0074] It is preferred that secondary DNA strand displace 
ment primers also contain additional sequence at their 5‘ end 
that does not match any part of the OCP or ATC. This 
sequence is referred to as the non-matching portion of the 
secondary DNA strand displacement primer. The non 
matching portion of the secondary DNA strand displacement 
primer, if present, serves to facilitate strand displacement 
during DNA replication. The non-matching portion of a 
secondary DNA strand displacement primer may be any 
length, but is generally 1 to 100 nucleotides long, and 
preferably 4 to 8 nucleotides long. 
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[0075] Another form of DNA strand displacement primer, 
referred to herein as a tertiary DNA strand displacement 
primer, is an oligonucleotide having sequence complemen 
tary to part of the sequence of an OCP or ATC. This 
sequence is referred to as the complementary portion of the 
tertiary DNA strand displacement primer. This complemen 
tary portion of the tertiary DNA strand displacement primer 
matches sequences in TS-DNA. The complementary portion 
of a tertiary DNA strand displacement primer may be 
complementary to any sequence in the OCP or ATC. HoW 
ever, it is preferred that it not be complementary OCP or 
ATC sequence matching the secondary DNA strand dis 
placement primer. This prevents hybridiZation of the primers 
to each other. Preferably, the complementary portion of the 
tertiary DNA strand displacement primer has sequence 
complementary to a portion of the spacer portion of an OCP. 
The complementary portion of a tertiary DNA strand dis 
placement primer can be any length that supports speci?c 
and stable hybridiZation betWeen the primer and its comple 
ment. Generally this is 12 to 35 nucleotides long, but is 
preferably 18 to 25 nucleotides long. 

[0076] Preferred tertiary DNA strand displacement prim 
ers for use in the disclosed method can form an intramo 
lecular stem structure involving one or both of the tertiary 
DNA strand displacement primer’s ends. Such tertiary DNA 
strand displacement primers are referred to herein as hairpin 
tertiary DNA strand displacement primers. An intramolecu 
lar stem structure involving an end refers to a stem structure 
Where the terminal nucleotides (that is, nucleotides at the 
end) of the tertiary DNA strand displacement primer are 
hybridiZed to other nucleotides in the tertiary DNA strand 
displacement primer. 
[0077] The intramolecular stem structure can form a hair 
pin structure or a stem and loop structure. If both ends of a 
tertiary DNA strand displacement primer are involved in an 
intramolecular stem structure, the tWo ends of the tertiary 
DNA strand displacement primer can each form a separate 
intramolecular stem structure or can together form a single 
intramolecular stem structure. In the latter case the tWo ends 
Would be hybridiZed together. It is preferred that the 3‘ end 
of the tertiary DNA strand displacement primer form an 
intramolecular stem structure. The 5‘ end of the tertiary DNA 
strand displacement primer can also form an intramolecular 
stem structure, either alone, or in the tertiary DNA strand 
displacement primer having an intramolecular stem struc 
ture at the 3‘ end. The intramolecular stem structure prefer 
ably forms under conditions suitable for nucleic acid repli 
cation, and in particular under conditions used for nucleic 
acid replication When the tertiary DNA strand displacement 
primer is being used. For example, the intramolecular stem 
structure can be designed to form under conditions used for 
rolling circle replication. The formation of the intramolecu 
lar stem structure during replication alloWs the structure to 
reduce or prevent priming by tertiary DNA strand displace 
ment primers at unintended sequences. In particular, the 
intramolecular stem structure prevents the tertiary DNA 
strand displacement primer in Which the structure forms 
from priming nucleic acid replication at sites other than 
primer complement sequences (that is, the speci?c 
sequences complementary to the complementary portion of 
the tertiary DNA strand displacement primer) in TS-DNA. 
This folloWs from the sequestration of the end of tertiary 
DNA strand displacement primer in the stem. The end of the 
rolling circle replication primer cannot hybridiZe to, and 
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prime from, another sequence While sequestered in the 
intramolecular stem structure. For this purpose, it is pre 
ferred that the intramolecular stem structure be less stable 
that the hybrid betWeen the primer complement sequence 
and the complementary portion of the tertiary DNA strand 
displacement primer (or, put another Way, the hybrid 
betWeen the primer complement sequence and the comple 
mentary portion of the tertiary DNA strand displacement 
primer should be more stable than the intramolecular stem 
structure). It is also preferred that the intramolecular stem 
structure be more stable than hybrids betWeen the tertiary 
DNA strand displacement primer and mismatched 
sequences. In this Way, the intramolecular stem structure 
Will be thermodynamically favored over undesired primer 
hybridiZations. Tertiary DNA strand displacement primers 
that form intramolecular stem structures at the 3‘ end Will 
have the 3‘ end eXtended during replication (using tertiary 
DNA strand displacement primer sequences as template). 
This serves to stabiliZe the intramolecular stem structure in 
the tertiary DNA strand displacement primers, making them 
unavailable for priming. 

[0078] Where the intramolecular stem structure of a ter 
tiary DNA strand displacement primer forms a stem and 
loop structure, it is preferred that a portion of the comple 
mentary portion of the tertiary DNA strand displacement 
primer be in the loop of the stem and loop structure. This 
portion of the complementary portion in the loop can then 
hybridiZe to the primer complement sequence in TS-DNA. 
Such an arrangement alloWs design of hairpin tertiary DNA 
strand displacement primers Where the stability of the 
intramolecular stem structure depends on the presence or 
absence of the speci?c primer complement sequence. In 
particular, a tertiary DNA strand displacement primer that 
forms a stem and loop structure With a portion of the 
complementary portion in the loop can be designed so that 
hybridiZation of the complementary portion in the loop to 
the primer complement sequence disrupts the intramolecular 
stem structure (Tyagi and Kramer, Nat Biotechnol 
14(3):303-8 (1996); Bonnet et al., Proc Natl Acad Sci USA 
96(11):6171-6 (1999)). In this Way, the intramolecular stem 
structure remains intact in the absence of the primer comple 
ment sequence and thus reduces or eliminates the ability of 
the tertiary DNA strand displacement primer to prime 
nucleic acid replication. In the presence of the primer 
complement sequence, disruption of the intramolecular stem 
structure alloWs the end of the tertiary DNA strand displace 
ment primer to hybridiZe to the primer complement 
sequence. This hybrid betWeen the primer complement 
sequence and the end of the tertiary DNA strand displace 
ment primer alloWs the priming of nucleic acid replication 
by the primer. For this form of hairpin tertiary DNA strand 
displacement primer, it is preferred that hybridiZation of the 
loop to a sequence other than the primer complement 
sequence does not disrupt the intramolecular stem structure. 
Preferably, the hybrid betWeen the primer complement 
sequence and the end of the tertiary DNA strand displace 
ment primer is more stable than the intramolecular stem 
structure. This helps stabiliZe hybridiZation of the tertiary 
DNA strand displacement primer to the primer complement 
sequence in competition With the intramolecular stem struc 
ture. 

[0079] Discrimination of tertiary DNA strand displace 
ment primer hybridiZation also can be accomplished by 
hybridiZing primer to primer complement portions in TS 
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DNA under conditions that favor only eXact sequence 
matches leaving other tertiary DNA strand displacement 
primer unhybridiZed. The unhybridiZed tertiary DNA strand 
displacement primers Will retain or re-form the intramolecu 
lar hybrid and the end of the tertiary DNA strand displace 
ment primer involved in the intramolecular stem structure 
Will be eXtended during replication. 

[0080] It is preferred that tertiary DNA strand displace 
ment primers also contain additional sequence at their 5‘ end 
that is not complementary to any part of the OCP or ATC. 
This sequence is referred to as the non-complementary 
portion of the tertiary DNA strand displacement primer. The 
non-complementary portion of the tertiary DNA strand 
displacement primer, if present, serves to facilitate strand 
displacement during DNA replication. The non-complemen 
tary portion of a tertiary DNA strand displacement primer 
may be any length, but is generally 1 to 100 nucleotides 
long, and preferably 4 to 8 nucleotides long. A rolling circle 
replication primer is a preferred form of tertiary DNA strand 
displacement primer. 
[0081] DNA strand displacement primers may also 
include modi?ed nucleotides to make them resistant to 
eXonuclease digestion. For eXample, the primer can have 
three or four phosphorothioate linkages betWeen nucleotides 
at the 5‘ end of the primer. Such nuclease resistant primers 
alloW selective degradation of eXcess unligated OCP and gap 
oligonucleotides that might otherWise interfere With hybrid 
iZation of detection probes, address probes, and secondary 
OCPs to the ampli?ed nucleic acid. DNA strand displace 
ment primers can be used for secondary DNA strand dis 
placement and strand displacement cascade ampli?cation, 
both described beloW and in US. Pat. No. 6,143,495. 

[0082] F. Reporter Binding Agents 

[0083] A reporter binding agent is a speci?c binding 
molecule coupled or tethered to a nucleic acid such as an 
oligonucleotide. The speci?c binding molecule is referred to 
as the af?nity portion of the reporter binding agent and the 
nucleic acid is referred to as the oligonucleotide portion of 
the reporter binding agent. As used herein, a speci?c binding 
molecule is a molecule that interacts speci?cally With a 
particular molecule or moiety (that is, an analyte). The 
molecule or moiety that interacts speci?cally With a speci?c 
binding molecule is referred to herein as a target molecule. 
The target molecules can be any analyte. It is to be under 
stood that the term target molecule refers to both separate 
molecules and to portions of molecules, such as an epitope 
of a protein, that interacts speci?cally With a speci?c binding 
molecule. Antibodies, either member of a receptor/ligand 
pair, and other molecules With speci?c binding af?nities are 
eXamples of speci?c binding molecules, useful as the affinity 
portion of a reporter binding molecule. A reporter binding 
molecule With an af?nity portion Which is an antibody is 
referred to herein as a reporter antibody. The oligonucleotide 
portion can be a nucleic acid molecule or a combination of 
nucleic acid molecules. The oligonucleotide portion is pref 
erably an oligonucleotide or an ampli?cation target circle. 

[0084] By tethering an ampli?cation target circle or cou 
pling a target sequence to a speci?c binding molecule, 
binding of a speci?c binding molecule to its speci?c target 
can be detected by amplifying the ATC or target sequence 
With rolling circle ampli?cation. This ampli?cation alloWs 
sensitive detection of a very small number of bound speci?c 
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binding molecules. A reporter binding molecule that inter 
acts speci?cally With a particular target molecule is said to 
be speci?c for that target molecule. For example, a reporter 
binding molecule With an affinity portion Which is an anti 
body that binds to a particular antigen is said to be speci?c 
for that antigen. The antigen is the target molecule. Reporter 
binding agents are also referred to herein as reporter binding 
molecules. FIGS. 25, 26, 27, 28, and 29 of US. Pat. No. 
6,143,495 illustrate examples of several preferred types of 
reporter binding molecules and their use. FIG. 29 of US. 
Pat. No. 6,143,495 illustrates a reporter binding molecule 
using an antibody as the af?nity portion. 

[0085] Preferred target molecules are proteins and pep 
tides. Use of reporter binding agents that target proteins and 
peptides alloWs sensitive signal ampli?cation using rolling 
circle ampli?cation for the detection of proteins and pep 
tides. The ability to multiplex rolling circle ampli?cation 
detection alloWs multiplex detection of the proteins and 
peptides (or any other target molecule). Thus, the disclosed 
method can be used for multi-protein analysis such as 
proteomics analysis. Such multi-protein analysis can be 
accomplished, for example, by using reporter binding agents 
targeted to different proteins, With the oligonucleotide por 
tion of each reporter binding agent coded to alloW separate 
ampli?cation and detection of each different reporter bind 
ing agent. 

[0086] In one embodiment, the oligonucleotide portion of 
a reporter binding agent includes a sequence, referred to as 
a target sequence, that serves as a target sequence for an 
OCP. The sequence of the target sequence can be arbitrarily 
chosen. In a multiplex assay using multiple reporter binding 
agents, it is preferred that the target sequence for each 
reporter binding agent be substantially different to limit the 
possibility of non-speci?c target detection. Alternatively, it 
may be desirable in some multiplex assays, to use target 
sequences With related sequences. By using different, unique 
gap oligonucleotides to ?ll different gap spaces, such assays 
can use one or a feW OCPs to amplify and detect a larger 
number of target sequences. The oligonucleotide portion can 
be coupled to the af?nity portion by any of several estab 
lished coupling reactions. For example, Hendrickson et al., 
Nucleic Acids Res., 23(3):522-529 (1995) describes a suit 
able method for coupling oligonucleotides to antibodies. 

[0087] A preferred form of target sequence in a reporter 
binding agent is an oligonucleotide having both ends 
coupled to the speci?c binding molecule so as to form a 
loop. In this Way, When the OCP hybridiZes to the target and 
is circulariZed, the OCP Will remain topologically locked to 
the reporter binding agent during rolling circle replication of 
the circulariZed OCP. This improves the localiZation of the 
resulting ampli?ed signal to the location Where the reporter 
binding agent is bound (that is, at the location of the target 
molecule). 
[0088] A special form of reporter binding molecule, 
referred to herein as a reporter binding probe, has an 
oligonucleotide or oligonucleotide derivative as the speci?c 
binding molecule. Reporter binding probes are designed for 
and used to detect speci?c nucleic acid sequences. Thus, the 
target molecule for reporter binding probes are nucleic acid 
sequences. The target molecule for a reporter binding probe 
can be a nucleotide sequence Within a larger nucleic acid 
molecule. It is to be understood that the term reporter 
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binding molecule encompasses reporter binding probes. The 
speci?c binding molecule of a reporter binding probe can be 
any length that supports speci?c and stable hybridiZation 
betWeen the reporter binding probe and the target molecule. 
For this purpose, a length of 10 to 40 nucleotides is 
preferred, With a speci?c binding molecule of a reporter 
binding probe 16 to 25 nucleotides long being most pre 
ferred. It is preferred that the speci?c binding molecule of a 
reporter binding probe is peptide nucleic acid. As described 
above, peptide nucleic acid forms a stable hybrid With DNA. 
This alloWs a reporter binding probe With a peptide nucleic 
acid speci?c binding molecule to remain ?rmly adhered to 
the target sequence during subsequent ampli?cation and 
detection operations. This useful effect can also be obtained 
With reporter binding probes With oligonucleotide speci?c 
binding molecules by making use of the triple helix chemi 
cal bonding technology described by Gasparro et al., Nucleic 
Acids Res. 1994 22(14):2845-2852 (1994). Brie?y, the affin 
ity portion of a reporter binding probe is designed to form a 
triple helix When hybridiZed to a target sequence. This is 
accomplished generally as knoWn, preferably by selecting 
either a primarily homopurine or primarily homopyrimidine 
target sequence. The matching oligonucleotide sequence 
Which constitutes the af?nity portion of the reporter binding 
probe Will be complementary to the selected target sequence 
and thus be primarily homopyrimidine or primarily homopu 
rine, respectively. The reporter binding probe (correspond 
ing to the triple helix probe described by Gasparro et al.) 
contains a chemically linked psoralen derivative. Upon 
hybridization of the reporter binding probe to a target 
sequence, a triple helix forms. By exposing the triple helix 
to loW Wavelength ultraviolet radiation, the psoralen deriva 
tive mediates cross-linking of the probe to the target 
sequence. FIGS. 25, 26, 27, and 28 of US. Pat. No. 
6,143,495 illustrate examples of reporter binding molecules 
that are reporter binding probes. 

[0089] The speci?c binding molecule in a reporter binding 
probe can also be a bipartite DNA molecule, such as 
ligatable DNA probes adapted from those described by 
Landegren et al., Science 241:1077-1080 (1988). When 
using such a probe, the af?nity portion of the probe is 
assembled by target-mediated ligation of tWo oligonucle 
otide portions Which hybridiZe to adjacent regions of a target 
nucleic acid. Thus, the components used to form the affinity 
portion of such reporter binding probes are a truncated 
reporter binding probe (With a truncated affinity portion 
Which hybridiZes to part of the target sequence) and a 
ligation probe Which hybridiZes to an adjacent part of the 
target sequence such that it can be ligated to the truncated 
reporter binding probe. The ligation probe can also be 
separated from (that is, not adjacent to) the truncated 
reporter binding probe When both are hybridiZed to the target 
sequence. The resulting space betWeen them can then be 
?lled by a second ligation probe or by gap-?lling synthesis. 
For use in the disclosed methods, it is preferred that the 
truncated affinity portion be long enough to alloW target 
mediated ligation but short enough to, in the absence of 
ligation to the ligation probe, prevent stable hybridiZation of 
the truncated reporter binding probe to the target sequence 
during the subsequent ampli?cation operation. For this 
purpose, a speci?c step designed to eliminate hybrids 
betWeen the target sequence and unligated truncated reporter 
binding probes can be used folloWing the ligation operation. 
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[0090] In another embodiment, the oligonucleotide por 
tion of a reporter binding agent includes a sequence, referred 
to as a rolling circle replication primer sequence, that serves 
as a rolling circle replication primer for an ATC. This alloWs 
rolling circle replication of an added ATC Where the result 
ing TS-DNA is coupled to the reporter binding agent. 
Because of this, the TS-DNA Will be effectively immobi 
liZed at the site of the target molecule. Preferably, the 
immobilized TS-DNA can then be collapsed in situ prior to 
detection. The sequence of the rolling circle replication 
primer sequence can be arbitrarily chosen. The rolling circle 
replication sequence can be designed to form and intramo 
lecular stem structure as described for rolling circle repli 
cation primers above. 

[0091] In a multiplex assay using multiple reporter bind 
ing agents, it is preferred that the rolling circle replication 
primer sequence for each reporter binding agent be substan 
tially different to limit the possibility of non-speci?c target 
detection. Alternatively, it may be desirable in some multi 
plex assays, to use rolling circle replication primer 
sequences With related sequences. Such assays can use one 
or a feW ATCs to detect a larger number of target molecules. 
When the oligonucleotide portion of a reporter binding agent 
is used as a rolling circle replication primer, the oligonucle 
otide portion can be any length that supports speci?c and 
stable hybridiZation betWeen the oligonucleotide portion and 
the primer complement portion of an ampli?cation target 
circle. Generally this is 10 to 35 nucleotides long, but is 
preferably 16 to 20 nucleotides long. FIGS. 25, 26, 27, 28, 
and 29 of US. Pat. No. 6,143,495 illustrate examples of 
reporter binding molecules in Which the oligonucleotide 
portion is a rolling circle replication primer. 

[0092] In another embodiment, the oligonucleotide por 
tion of a reporter binding agent can include an ampli?cation 
target circle Which serves as a template for rolling circle 
replication. In a multiplex assay using multiple reporter 
binding agents, it is preferred that address tag portions and 
detection tag portions of the ATC comprising the oligonucle 
otide portion of each reporter binding agent be substantially 
different to unique detection of each reporter binding agent. 
It is desirable, hoWever, to use the same primer complement 
portion in all of the ATCs used in a multiplex assay. The AT C 
is tethered to the speci?c binding molecule by looping the 
ATC around a tether loop. This alloWs the AT C to rotate 
freely during rolling circle replication While remaining 
coupled to the affinity portion. The tether loop can be any 
material that can form a loop and be coupled to a speci?c 
binding molecule. Linear polymers are a preferred material 
for tether loops. 

[0093] Apreferred method of producing a reporter binding 
agent With a tethered ATC is to form the tether loop by 
ligating the ends of oligonucleotides coupled to a speci?c 
binding molecule around an ATC. Oligonucleotides can be 
coupled to speci?c binding molecules using knoWn tech 
niques. For example, Hendrickson et al. (1995), describes a 
suitable method for coupling oligonucleotides to antibodies. 
This method is generally useful for coupling oligonucle 
otides to any protein. To alloW ligation, oligonucleotides 
comprising the tWo halves of the tether loop should be 
coupled to the speci?c binding molecule in opposite orien 
tations such that the free end of one is the 5‘ end and the free 
end of the other is the 3‘ end. Ligation of the ends of the 
tether oligonucleotides can be mediated by hybridiZation of 
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the ends of the tether oligonucleotides to adjacent sequences 
in the ATC to be tethered. In this Way, the ends of the tether 
oligonucleotides are analogous to the target probe portions 
of an open circle probe, With the AT C containing the target 
sequence. Similar techniques can be used to form tether 
loops containing a target sequence. 

[0094] Another preferred method of producing a reporter 
binding agent With a tethered ATC is to ligate an open circle 
probe While hybridiZed to an oligonucleotide tether loop on 
a speci?c binding molecule. In this method, both ends of a 
single tether oligonucleotide are coupled to a speci?c bind 
ing molecule. This can be accomplished using knoWn cou 
pling techniques as described above. Ligation of an open 
circle probe hybridiZed to a tether loop is analogous to the 
ligation operation of LM-RCA. In this case, the target 
sequence is part of an oligonucleotide With both ends 
coupled to a speci?c binding molecule. This same ligation 
technique can be used to circulariZe open circle probes on 
target sequences that are part of reporter binding agents. This 
topologically locks the open circle probe to the reporter 
binding agent (and thus, to the target molecule to Which the 
reporter binding agent binds). 

[0095] The ends of tether loops can be coupled to any 
speci?c binding molecule With functional groups that can be 
derivatiZed With suitable activating groups. When the spe 
ci?c binding molecule is a protein, or a molecule With 
similar functional groups, coupling of tether ends can be 
accomplished using knoWn methods of protein attachment. 
Many such methods are described in Protein immobiliza 
ti0n: fundamentals and applications Richard F. Taylor, ed. 
(M. Dekker, NeW York, 1991). 

[0096] Antibodies useful as the af?nity portion of reporter 
binding agents, can be obtained commercially or produced 
using Well established methods. For example, J ohnstone and 
Thorpe, on pages 30-85, describe general methods useful for 
producing both polyclonal and monoclonal antibodies. The 
entire book describes many general techniques and prin 
ciples for the use of antibodies in assay systems. 

[0097] G. Detection Labels 

[0098] To aid in detection and quantitation of nucleic acids 
ampli?ed using RCA and RCT, detection labels can be 
directly incorporated into ampli?ed nucleic acids or can be 
coupled to detection molecules. As used herein, a detection 
label is any molecule that can be associated With ampli?ed 
nucleic acid, directly or indirectly, and Which results in a 
measurable, detectable signal, either directly or indirectly. 
Many such labels for incorporation into nucleic acids or 
coupling to nucleic acid or antibody probes are knoWn to 
those of skill in the art. Examples of detection labels suitable 
for use in RCA and RCT are radioactive isotopes, ?uores 
cent molecules, phosphorescent molecules, enZymes, anti 
bodies, and ligands. 

[0099] Examples of suitable ?uorescent labels include 
?uorescein (FITC), 5,6-carboxymethyl ?uorescein, Texas 
red, nitrobenZ-2-oxa-1,3-diaZol-4-yl (NBD), coumarin, dan 
syl chloride, rhodamine, 4‘-6-diamidino-2-phenylinodole 
(DAPI), and the cyanine dyes Cy3, Cy3.5, Cy5, Cy5.5 and 
Cy7. Preferred ?uorescent labels are ?uorescein (5 -carboxy 
?uorescein-N-hydroxysuccinimide ester) and rhodamine 
(5 ,6-tetramethyl rhodamine). Preferred ?uorescent labels for 
combinatorial multicolor coding are FITC and the cyanine 
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dyes Cy3, Cy3.5, Cy5, Cy5.5 and Cy7. The absorption and 
emission maxima, respectively, for these ?uors are: FITC 
(490 nm; 520 nm), Cy3 (554 nm; 568 nm), Cy3.5 (581 nm; 
588 nm), Cy5 (652 nm: 672 nm), Cy5.5 (682 nm; 703 nm) 
and Cy7 (755 nm; 778 nm), thus allowing their simultaneous 
detection. The ?uorescent labels can be obtained from a 
variety of commercial sources, including Molecular Probes, 
Eugene, Oreg. and Research Organics, Cleveland, Ohio. 

[0100] Labeled nucleotides are preferred form of detection 
label since they can be directly incorporated into the prod 
ucts of RCA and RCT during synthesis. Examples of detec 
tion labels that can be incorporated into ampli?ed DNA or 
RNA include nucleotide analogs such as BrdUrd (Hoy and 
Schimke, Mutation Research 290:217-230 (1993)), BrUTP 
(Wansick et al., J. Cell Biology 122:283-293 (1993)) and 
nucleotides modi?ed With biotin (Langer et al., Proc. Natl. 
Acad. Sci. USA 78:6633 (1981)) or With suitable haptens 
such as digoxygenin (Kerkhof,Anal. Biochem. 205 :359-364 
(1992)). Suitable ?uorescence-labeled nucleotides are Fluo 
rescein-isothiocyanate-dUTP, Cyanine-3-dUTP and Cya 
nine-5-dUTP (Yu et al., Nucleic Acids Res., 22:3226-3232 
(1994)). A preferred nucleotide analog detection label for 
DNA is BrdUrd (BUDR triphosphate, Sigma), and a pre 
ferred nucleotide analog detection label for RNA is Biotin 
16-uridine-5‘ -triphosphate (Biotin-16-dUTP, Boehringher 
Mannheim). Fluorescein, Cy3, and Cy5 can be linked to 
dUTP for direct labeling. Cy3.5 and Cy7 are available as 
avidin or anti-digoxygenin conjugates for secondary detec 
tion of biotin- or digoxygenin-labeled probes. 

[0101] Detection labels that are incorporated into ampli 
?ed nucleic acid, such as biotin, can be subsequently 
detected using sensitive methods Well-knoWn in the art. For 
example, biotin can be detected using streptavidin-alkaline 
phosphatase conjugate (Tropix, Inc.), Which is bound to the 
biotin and subsequently detected by chemiluminescence of 
suitable substrates (for example, chemiluminescent sub 
strate CSPD: disodium, 3-(4-methoxyspiro-[1,2,-dioxetane 
3-2‘-(5‘-chloro)tricyclo [3.3.1.13’7]decanel-4-yl) phenyl 
phosphate; Tropix, Inc.). 

[0102] A preferred detection label for use in detection of 
ampli?ed RNA is acridinium-ester-labeled DNA probe 
(GenProbe, Inc., as described by Arnold et al., Clinical 
Chemistry 35:1588-1594 (1989)). An acridinium-ester-la 
beled detection probe permits the detection of ampli?ed 
RNA Without Washing because unhybridiZed probe can be 
destroyed With alkali (Arnold et al. (1989)). 

[0103] Molecules that combine tWo or more of these 
detection labels are also considered detection labels. Any of 
the knoWn detection labels can be used With the disclosed 
probes, tags, and method to label and detect nucleic acid 
ampli?ed using the disclosed method. Methods for detecting 
and measuring signals generated by detection labels are also 
knoWn to those of skill in the art. For example, radioactive 
isotopes can be detected by scintillation counting or direct 
visualiZation; ?uorescent molecules can be detected With 
?uorescent spectrophotometers; phosphorescent molecules 
can be detected With a spectrophotometer or directly visu 
aliZed With a camera; enZymes can be detected by detection 
or visualiZation of the product of a reaction catalyZed by the 
enZyme; antibodies can be detected by detecting a secondary 
detection label coupled to the antibody. Such methods can be 
used directly in the disclosed method of ampli?cation and 
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detection. As used herein, detection molecules are molecules 
that interact With ampli?ed nucleic acid and to Which one or 
more detection labels are coupled. 

[0104] H. Detection Probes 

[0105] Detection probes-are labeled oligonucleotides hav 
ing sequence complementary to detection tags on TS-DNA 
or transcripts of TS-DNA. The complementary portion of a 
detection probe can be any length that supports speci?c and 
stable hybridiZation betWeen the detection probe and the 
detection tag. For this purpose, a length of 10 to 35 nucle 
otides is preferred, With a complementary portion of a 
detection probe 16 to 20 nucleotides long being most 
preferred. Detection probes can contain any of the detection 
labels described above. Preferred labels are biotin and 
?uorescent molecules. A particularly preferred detection 
probe is a molecular beacon. Molecular beacons are detec 
tion probes labeled With ?uorescent moieties Where the 
?uorescent moieties ?uoresce only When the detection probe 
is hybridiZed (Tyagi and Kramer, Nature Biotechnology 
14:303-308 (1996)). The use of such probes eliminates the 
need for removal of unhybridiZed probes prior to label 
detection because the unhybridiZed detection probes Will not 
produce a signal. This is especially useful in multiplex 
assays. 

[0106] A preferred form of detection probe, referred to 
herein as a collapsing detection probe, contains tWo separate 
complementary portions. This alloWs each detection probe 
to hybridiZe to tWo detection tags in TS-DNA. In this Way, 
the detection probe forms a bridge betWeen different parts of 
the TS-DNA. The combined action of numerous collapsing 
detection probes hybridiZing to TS-DNA Will be to form a 
collapsed netWork of cross-linked TS-DNA. Collapsed TS 
DNA occupies a much smaller volume than free, extended 
TS-DNA, and includes Whatever detection label present on 
the detection probe. This result is a compact and discrete 
detectable signal for each TS-DNA. Collapsing TS-DNA is 
useful both for in situ hybridiZation applications and for 
multiplex detection because it alloWs detectable signals to be 
spatially separate even When closely packed. Collapsing 
TS-DNA is especially preferred for use With combinatorial 
multicolor coding. 

[0107] TS-DNA collapse can also be accomplished 
through the use of ligand/ligand binding pairs (such as biotin 
and avidin) or hapten/antibody pairs. As described in US. 
Pat. No. 6,143,495 (Example 6), a nucleotide analog, 
BUDR, can be incorporated into TS-DNA during rolling 
circle replication. When biotinylated antibodies speci?c for 
BUDR and avidin are added, a cross-linked netWork of 
TS-DNA forms, bridged by avidin-biotin-antibody conju 
gates, and the TS-DNA collapses into a compact structure. 
Collapsing detection probes and biotin-mediated collapse 
can also be used together to collapse TS-DNA. 

[0108] I. Address Probes 

[0109] An address probe is an oligonucleotide having a 
sequence complementary to address tags on TS-DNA or 
transcripts of TS-DNA. The complementary portion of an 
address probe can be any length that supports speci?c and 
stable hybridiZation betWeen the address probe and the 
address tag. For this purpose, a length of 10 to 35 nucle 
otides is preferred, With a complementary portion of an 
address probe 12 to 18 nucleotides long being most pre 
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ferred. Preferably, the complementary portion of an address 
probe is complementary to all or a portion of the target probe 
portions of an OCP. Most preferably, the complementary 
portion of an address probe is complementary to a portion of 
either or both of the left and right target probe portions of an 
OCP and all or a part of any gap oligonucleotides or gap 
sequence created in a gap-?lling operation (see FIG. 6 of 
US. Pat. No. 6,143,495). Address probe can contain a single 
complementary portion or multiple complementary por 
tions. Preferably, address probes are coupled, either directly 
or via a spacer molecule, to a solid-state support. Such a 
combination of address probe and solid-state support are a 
preferred form of solid-state detector. 

[0110] J. Oligonucleotide Synthesis 

[0111] Open circle probes, gap oligonucleotides, rolling 
circle replication primers, detection probes, address probes, 
ampli?cation target circles, DNA strand displacement prim 
ers, and any other oligonucleotides can be synthesiZed using 
established oligonucleotide synthesis methods. Methods to 
produce or synthesiZe oligonucleotides are Well knoWn. 
Such methods can range from standard enZymatic digestion 
folloWed by nucleotide fragment isolation (see for example, 
Sambrook et al., Molecular Cloning: A Laboratory Manual, 
2nd Edition (Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, NY, 1989) Chapters 5, 6) to purely synthetic 
methods, for example, by the cyanoethyl phosphoramidite 
method using a Milligen or Beckman System 1Plus DNA 
synthesiZer (for example, Model 8700 automated synthe 
siZer of Milligen-Biosearch, Burlington, Mass. or ABI 
Model 380B). Synthetic methods useful for making oligo 
nucleotides are also described by Ikuta et al., Ann. Rev. 
Biochem. 53:323-356 (1984), (phosphotriester and phos 
phite-triester methods), and Narang et al., Methods Enzy 
mol., 65:610-620 (1980), (phosphotriester method). Protein 
nucleic acid molecules can be made using knoWn methods 
such as those described by Nielsen et al., Bioconjug. Chem. 
513-7 (1994). 

[0112] Many of the oligonucleotides described herein are 
designed to be complementary to certain portions of other 
oligonucleotides or nucleic acids such that stable hybrids 
can be formed betWeen them. The stability of these hybrids 
can be calculated using knoWn methods such as those 
described in Lesnick and Freier, Biochemistry 34:10807 
10815 (1995), McGraW et al., Biotechniques 8:674-678 
(1990), and Rychlik et al., NucleicAcids Res. 18:6409-6412 
(1990). 
[0113] K. Solid-State Detectors 

[0114] Solid-state detectors are solid-state substrates or 
supports to Which address probes or detection molecules 
have been coupled. A preferred form of solid-state detector 
is an array detector. An array detector is a solid-state detector 
to Which multiple different address probes or detection 
molecules have been coupled in an array, grid, or other 
organiZed pattern. 

[0115] Solid-state substrates for use in solid-state detec 
tors can include any solid material to Which oligonucleotides 
can be coupled. This includes materials such as acrylamide, 
cellulose, nitrocellulose, glass, polystyrene, polyethylene 
vinyl acetate, polypropylene, polymethacrylate, polyethyl 
ene, polyethylene oxide, glass, polysilicates, polycarbon 
ates, te?on, ?uorocarbons, nylon, silicon rubber, polyanhy 
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drides, polyglycolic acid, polylactic acid, polyorthoesters, 
polypropylfumerate, collagen, glycosaminoglycans, and 
polyamino acids. Solid-state substrates can have any useful 
form including thin ?lms or membranes, beads, bottles, 
dishes, ?bers, Woven ?bers, shaped polymers, particles and 
microparticles. Apreferred form for a solid-state substrate is 
a microtiter dish. 

[0116] Address probes immobiliZed on a solid-state sub 
strate alloW capture of the products of RCA and RCT on a 
solid-state detector. Such capture provides a convenient 
means of Washing aWay reaction components that might 
interfere With subsequent detection steps. By attaching dif 
ferent address probes to different regions of a solid-state 
detector, different RCA or RCT products can be captured at 
different, and therefore diagnostic, locations on the solid 
state detector. For example, in a microtiter plate multiplex 
assay, address probes speci?c for up to 96 different TS 
DNAs (each ampli?ed via a different target sequence) can be 
immobiliZed on a microtiter plate, each in a different Well. 
Capture and detection Will occur only in those Wells corre 
sponding to TS-DNAs for Which the corresponding target 
sequences Were present in a sample. 

[0117] Methods for immobiliZation of oligonucleotides to 
solid-state substrates are Well established. Oligonucleotides, 
including address probes and detection probes, can be 
coupled to substrates using established coupling methods. 
For example, suitable attachment methods are described by 
Pease et al., Proc. Natl. Acad. Sci. USA 91(11):5022-5026 
(1994), and Khrapko et al., Mol Biol (Mosk) (USSR) 
25:718-730 (1991). A method for immobilization of 3‘ 
-amine oligonucleotides on casein-coated slides is described 
by Stimpson et al.,Proc. Natl.Acad. Sci. USA 92:6379-6383 
(1995). A preferred method of attaching oligonucleotides to 
solid-state substrates is described by Guo et al., Nucleic 
Acids Res. 22:5456-5465 (1994). 

[0118] Some solid-state detectors useful in RCA and RCT 
assays have detection antibodies attached to a solid-state 
substrate. Such antibodies can be speci?c for a molecule of 
interest. Captured molecules of interest can then be detected 
by binding of a second, reporter antibody, folloWed by RCA 
or RCT. Such a use of antibodies in a solid-state detector 

alloWs RCA assays to be developed for the detection of any 
molecule for Which antibodies can be generated. Methods 
for immobiliZing antibodies to solid-state substrates are Well 
established. ImmobiliZation can be accomplished by attach 
ment, for example, to aminated surfaces, carboxylated sur 
faces or hydroxylated surfaces using standard immobiliZa 
tion chemistries. Examples of attachment agents are 
cyanogen bromide, succinimide, aldehydes, tosyl chloride, 
avidin-biotin, photocrosslinkable agents, epoxides and 
maleimides. Apreferred attachment agent is glutaraldehyde. 
These and other attachment agents, as Well as methods for 
their use in attachment, are described in Protein immobili 
zation: fundamentals and applications, Richard F. Taylor, 
ed. (M. Dekker, NeW York, 1991), Johnstone and Thorpe, 
Immunochemistry In Practice (Blackwell Scienti?c Publi 
cations, Oxford, England, 1987) pages 209-216 and 241 
242, and Immobilized A?inity Ligands, Craig T. Herrnanson 
et al., eds. (Academic Press, NeW York, 1992). Antibodies 
can be attached to a substrate by chemically cross-linking a 
free amino group on the antibody to reactive side groups 
present Within the solid-state substrate. For example, anti 
bodies may be chemically cross-linked to a substrate that 


















































