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(57) ABSTRACT 

Disclosed are compositions and methods for nucleic acid 
ampli?cation reactions that reduce, prevent, or eliminate 
artifacts; increase ef?ciency; increase speci?city; and/or 
increase consistency. The disclosed method can combine, 
for example, the use of open circle probes that can form 
intramolecular stem structures; the use of matched open 
circle probe sets in the same ampli?cation reaction; the use 
of detection primers and detection during the ampli?cation 
reaction; the use of a plurality of detection rolling circle 
replication primer, a secondary DNA strand displacement 
primer and a common rolling circle replication primer in the 
same ampli?cation reaction; and/or the use of peptide 
nucleic acid quenchers associated With detection rolling 
circle replication primers. Such combinations can produce, 
in the same ampli?cation reaction, the bene?ts of each of the 
combined components. 
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METHOD AND COMPOSITIONS FOR EFFICIENT 
AND SPECIFIC ROLLING CIRCLE 

AMPLIFICATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of 
copending application Ser. No. 09/803,713, ?led Mar. 9, 
2001, entitled “Open Circle Probes With Intramolecular 
Stem Structures,” by Osama A. Alsmadi and Patricio Abar 
Zua, Which application is hereby incorporated herein by 
reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention is in the ?eld of nucleic acid 
ampli?cation, and speci?cally in the area of rolling circle 
ampli?cation reactions having increased efficiency and 
speci?city. 

BACKGROUND OF THE INVENTION 

[0003] 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 QP 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)). 

[0004] 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 Appli 
cation 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 
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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). 

[0005] 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. 

BRIEF SUMMARY OF THE INVENTION 

[0006] Disclosed are compositions and methods for 
nucleic acid ampli?cation reactions that reduce, prevent, or 
eliminate artifacts; increase ef?ciency; increase speci?city; 

[0007] and/or increase consistency. The disclosed method 
can combine, for example, the use of open circle probes that 
can form intramolecular stem structures; the use of matched 
open circle probe sets in the same ampli?cation reaction; the 
use of detection primers and detection during the ampli? 
cation reaction; the use of a plurality of detection rolling 
circle replication primer, a secondary DNA strand displace 
ment primer and a common rolling circle replication primer 
in the same ampli?cation reaction; and/or the use of peptide 
nucleic acid quenchers associated With detection rolling 
circle replication primers. Such combinations can produce, 
in the same ampli?cation reaction, the bene?ts of each of the 
combined components. 

[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 can involve 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] Disclosed are compositions and methods for 
increasing the ef?ciency of nucleic acid ampli?cation reac 
tions. Increased ef?ciency can include, for example, 
increased ampli?cation and/or signal generation in less time, 
from less starting material, and/or from less reagents; and/or 
signal detection during the ampli?cation reaction. One form 
of method for increasing ef?ciency is the use of a detection 
primer, such as a detection rolling circle replication primer. 
The detection primer produces a signal during ampli?cation 
as a quenching moiety in or on the primer becomes separated 
from a ?uorescent label on the primer. A useful form of 
detection primer is a detection rolling circle primer associ 
ated With a peptide nucleic acid quencher. The peptide 
nucleic acid quencher is displaced from the detection primer 
as ampli?cation proceeds (via, for example, replication of a 
nucleic acid strand complementary to the nucleic acid strand 
that incorporates the primer). 
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[0010] Another form of method for increasing ef?ciency is 
the use of combinations of primers having different rela 
tionships to open circle probes used in the method. For 
example, the use of tWo or more rolling circle replication 
primers and one or more secondary DNA strand displace 
ment primers, With each primer speci?c for a different 
sequence or region of the open circle probes, can increase 
the efficiency of ampli?cation by producing multiple simul 
taneous initiations of replication and multiple simultaneous 
generations of ampli?cation product simultaneously. For 
example, each of tWo or more different rolling circle repli 
cation primers can simultaneously prime replication from 
different sequences in a given circulariZed open circle probe 
or ampli?cation target circle. This multiplies the yield of 
ampli?cation. Use of both rolling circle replication primers 
(Which prime replication of circulariZed open circle probes 
and ampli?cation target circles) and secondary DNA strand 
displacement primers (Which prime replication of the prod 
uct of replication of circulariZed open circle probes and 
ampli?cation target circles) alloWs multiple generations of 
ampli?cation product to be generated simultaneously. This 
multiplies the yield of ampli?cation. 
[0011] Disclosed are compositions and methods for 
increasing the speci?city of nucleic acid ampli?cation reac 
tions. Increased speci?city can include, for example, more 
ampli?cation of ampli?cation targets, or more ampli?cation 
based on speci?c targets, relative to non-target ampli?cation 
and/or more accurate assessment of false positive and false 
negative ampli?cation. One form of method for increasing 
speci?city is the use of matched open circle probe sets. 
Matched open circle probes are open circle probes that are 
targeted to different forms of the same target sequence. For 
example, a target sequence in a gene of interest may occur 
in tWo or more forms (for example, a “Wild type” or 
“normal” form and a “mutant” form; or, more generally, 
polymorphic forms); single nucleotide polymorphisms are 
an example of such different forms of target sequences. By 
targeting tWo or more (up to, for example, most or all) of the 
different forms of a target sequence that may be present, the 
ampli?cation reaction Will include a positive control. That 
is, for example, the open circle probe targeted to the normal 
form of the target sequence Will produce a signal even if the 
mutant form of the target sequence is not present in the 
reaction or the open circle probe targeted to the mutant form 
of the target sequence Will produce a signal even if the 
normal form of the target sequence is not present in the 
reaction. 

[0012] Disclosed are compositions and methods for 
increasing the consistency of nucleic acid ampli?cation 
reactions. Increased consistency can include, for example, 
levels of ampli?cation products that more accurately re?ect 
the relative amount of starting material, and/or less variation 
in the yield of ampli?cation from different ampli?cation 
targets. One form of method for increasing consistency 
involves the use of three primers having different relation 
ships to open circle probes used in the method. The three 
primers are detection rolling circle replication primers, sec 
ondary DNA strand displacement primers, and common 
rolling circle replication primers. For example, for a given 
set of open circle probes or ampli?cation target circles, 
detection rolling circle replication primers can each corre 
spond to a different open circle probe or ampli?cation target 
circle in the set While secondary DNA strand displacement 
primers and common rolling circle replication primers can 
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correspond to all of the open circle probe or ampli?cation 
target circles in the set. These relationships alloW the overall 
ampli?cation to be consistent among different open circle 
probes or ampli?cation target circles in a set because the 
sequence of tWo of the primers used (and their complements 
on the circles) Will be the same throughout the set (thus 
minimiZing or eliminating the effect of sequence on primer 
ef?ciency). Differential detection is mediated by the circle 
speci?c detection rolling circle replication primers. 

[0013] Disclosed are compositions and methods for 
nucleic acid ampli?cation reactions that involve or produce 
a combination of the above effects. That is, nucleic acid 
ampli?cation reactions can combine tWo or more of reduc 
tion, prevention, or elimination of artifacts; increased ef? 
ciency; increased speci?city; and/or increased consistency. 
The disclosed method can combine, for example, the use of 
open circle probes that can form intramolecular stem struc 
tures; the use of matched open circle probe sets in the same 
ampli?cation reaction; the use of detection primers and 
detection during the ampli?cation reaction; the use of a 
plurality of detection rolling circle replication primer, a 
secondary DNA strand displacement primer and a common 
rolling circle replication primer in the same ampli?cation 
reaction; and/or the use of peptide nucleic acid quenchers 
associated With detection rolling circle replication primers. 
Such combinations can produce, in the same ampli?cation 
reaction, the bene?ts of each of the combined components. 

[0014] 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 useful form 
of open circle probe includes a loop as part of the intramo 
lecular stem structure. Hybridization of the loop to the target 
sequence disrupts the intramolecular stem structure While 
hybridiZation of the loop to a mismatched or non-target 
sequence Will not. Thus, the sequence-discrimination ability 
of the open circle probe determines inactivation of the open 
circle probe. A hybridiZation nucleating loop can also be 
used in linear primers used for nucleic acid replication and 
ampli?cation. 

[0015] 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 



US 2003/0165948 Al 

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. 

[0016] It is an object of the present invention to provide a 
method of reducing, preventing, or eliminating artifacts in 
nucleic acid ampli?cation reactions. 

[0017] 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. 

[0018] 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. 

[0019] It is another object of the present invention to 
provide a more ef?cient method of nucleic acid ampli?ca 
tion. 

[0020] 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, produce a more ef?cient 
nucleic acid ampli?cation. 

[0021] It is another object of the present invention to 
provide kits for nucleic acid ampli?cation that produce a 
more ef?cient nucleic acid ampli?cation. 

[0022] It is another object of the present invention to 
provide a more speci?c method of nucleic acid ampli?ca 
tion. 

[0023] 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, produce a more speci?c 
nucleic acid ampli?cation. 

[0024] It is another object of the present invention to 
provide kits for nucleic acid ampli?cation that produce a 
more speci?c nucleic acid ampli?cation. 

[0025] It is another object of the present invention to 
provide a more consistent method of nucleic acid ampli? 
cation. 

[0026] 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, produce a more consis 
tent nucleic acid ampli?cation. 

[0027] It is another object of the present invention to 
provide kits for nucleic acid ampli?cation that produce a 
more consistent nucleic acid ampli?cation. 

[0028] It is another object of the present invention to 
provide a method of nucleic acid ampli?cation that, in 
combination, reduces, prevents, or eliminates artifacts, is 
more ef?cient, is more speci?c, and/or is more consistent. 

[0029] 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, produce a nucleic acid 
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ampli?cation that, in combination, reduces, prevents, or 
eliminates artifacts, is more ef?cient, is more speci?c, and/or 
is more consistent. 

[0030] It is another object of the present invention to 
provide kits for nucleic acid ampli?cation that produce a 
nucleic acid ampli?cation that, in combination, reduces, 
prevents, or eliminates artifacts, is more ef?cient, is more 
speci?c, and/or is more consistent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] 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). 

[0032] 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). 

[0033] 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). 

[0034] 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). 
[0035] FIG. 5 is a graph of end point ?uorescent signal for 
mutant targets versus end point ?uorescent signal for Wild 
type targets. This is an X-Y plot of end point ?uorescent 
readings obtained from the samples in FIGS. 6A-6F. The 
X-aXis shoWs Cy3 ?uorescence (arbitrary units) correspond 
ing to the mutant genotype. The Y-aXis shoWs FAM signal 
corresponding to Wild type genotype, also in arbitrary units. 
End point readings fall into three clusters that are easily 
differentiated by genotype, as indicated in the Figure. 

[0036] FIGS. 6A, 6B, 6C, 6D, 6E, and 6F depict graphs of 
?uorescence over time during the course of rolling circle 
ampli?cation reactions using a matched open circle probe 
set. The reaction used a FAM labeled detection rolling circle 
replication primer speci?c for an open circle probe targeted 
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to the Wild type sequence of Factor II prothrombin and a Cy3 
labeled detection rolling circle replication primer speci?c for 
an open circle probe targeted to the mutant sequence of 
Factor II prothrombin. FIG. 6A shoWs FAM ?uorescence in 
ampli?cation reactions of nucleic acid samples from 32 
repeats of a single normal human sample. FIG. 6B shoWs 
Cy3 ?uorescence from the same 32 samples in FIG. 6A. 
FIG. 6C shoWs FAM ?uorescence in ampli?cation reactions 
of nucleic acid samples from 32 repeats of a single het 
eroZygous human sample. FIG. 6D shoWs Cy3 ?uorescence 
from the same 32 samples in FIG. 6C. FIG. 6E shoWs FAM 
?uorescence in ampli?cation reactions of nucleic acid 
samples from 32 repeats of a single homoZygous mutant 
human sample. FIG. 6F shoWs Cy3 ?uorescence from the 
same 32 samples in FIG. 6E. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] Disclosed are compositions and methods for 
nucleic acid ampli?cation reactions that reduce, prevent, or 
eliminate artifacts; increase ef?ciency; increase speci?city; 
and/or increase consistency. The disclosed method can com 
bine, for example, the use of open circle probes that can 
form intramolecular stem structures; the use of matched 
open circle probe sets in the same ampli?cation reaction; the 
use of detection primers and detection during the ampli? 
cation reaction; the use of a plurality of detection rolling 
circle replication primer, a secondary DNA strand displace 
ment primer and a common rolling circle replication primer 
in the same ampli?cation reaction; and/or the use of peptide 
nucleic acid quenchers associated With detection rolling 
circle replication primers. Such combinations can produce, 
in the same ampli?cation reaction, the bene?ts of each of the 
combined components. 

[0038] Disclosed are compositions and methods for 
increasing the ef?ciency of nucleic acid ampli?cation reac 
tions. Increased ef?ciency can include, for example, 
increased ampli?cation and/or signal generation in less time, 
from less starting material, and/or from less reagents; and/or 
signal detection during the ampli?cation reaction. One form 
of method for increasing efficiency is the use of a detection 
primer, such as a detection rolling circle replication primer. 
The detection primer produces a signal during ampli?cation 
as a quenching moiety in or on the primer becomes separated 
from a ?uorescent label on the primer. A useful form of 
detection primer is a detection rolling circle primer associ 
ated With a peptide nucleic acid quencher. The peptide 
nucleic acid quencher is displaced from the detection primer 
as ampli?cation proceeds (via, for example, replication of a 
nucleic acid strand complementary to the nucleic acid strand 
that incorporates the primer). 

[0039] The progress of rolling circle ampli?cation reac 
tions can be monitored in real-time (that is, during the 
reaction) by using detection primers in the ampli?cation. 
The detection primer produces a signal during ampli?cation 
as a quenching moiety in or on the primer becomes separated 
from a ?uorescent label on the primer. When a quenching 
moiety is in proximity to a ?uorescent molecule or label, 
?uorescence is quenched by transfer of energy to the 
quenching moiety. Fluorescence is detectable once the 
quenching moiety is no longer in proximity to the ?uores 
cent label. Detection primers are incorporated into ampli? 
cation products as they prime replication. In the disclosed 

Sep. 4, 2003 

ampli?cation reactions, the incorporated primer goes on to 
serve as a template sequence When the nucleic acid strand in 
Which it is incorporated is replicated. A quenching moiety 
can be placed in proximity to a ?uorescent label on the 
primer, for example, via hybridiZation of a nucleic acid 
sequence to Which the quenching moiety is attached to 
sequence of the primer adjacent to the ?uorescent label. 
When the incorporated primer is replicated, the hybrid is 
disrupted and the quencher moiety is separated from the 
?uorescent label, Which can then produce a ?uorescent 
signal. Thus, as the ampli?cation reaction proceeds, more 
and more incorporated detection primers are replicated, 
producing an ever-increasing ?uorescent signal that can be 
monitored as the reaction proceeds. 

[0040] Another form of method for increasing ef?ciency is 
the use of combinations of primers having different rela 
tionships to open circle probes used in the method. For 
example, the use of tWo or more rolling circle replication 
primers and one or more secondary DNA strand displace 
ment primers, With each primer speci?c for a different 
sequence or region of the open circle probes, can increase 
the ef?ciency of ampli?cation by producing multiple simul 
taneous initiations of replication and multiple simultaneous 
generations of ampli?cation product simultaneously. For 
example, each of tWo or more different rolling circle repli 
cation primers can simultaneously prime replication from 
different sequences in a given circulariZed open circle probe 
or ampli?cation target circle. This multiplies the yield of 
ampli?cation. 

[0041] Rolling circle ampli?cation involves rolling circle 
replication of a circular template, such as a circulariZed open 
circle probe or an ampli?cation target circle. Rolling circle 
replication can be mediated by a primer, referred to as a 
rolling circle replication primer, that hybridiZes anyWhere on 
the circular temple. Multiple strands can be produced simul 
taneously by using tWo or more rolling circle replication 
primers that hybridiZe to different sequences (that is, at 
different locations) in the circular template. Thus, the dis 
closed method can be performed using of tWo or more 
rolling circle replication primers targeted to different 
sequences in the circular templates. Particularly useful are 
the use of detection rolling circle replication primers and 
common rolling circle replication primers in ampli?cation 
reactions Where both a detection rolling circle replication 
primer and a common rolling circle replication primer 
correspond to each open circle probe or ampli?cation target 
circle. 

[0042] Use of both rolling circle replication primers 
(Which prime replication of circulariZed open circle probes 
and ampli?cation target circles) and secondary DNA strand 
displacement primers (Which prime replication of the prod 
uct of replication of circulariZed open circle probes and 
ampli?cation target circles) alloWs multiple generations of 
ampli?cation product to be generated simultaneously. This 
multiplies the yield of ampli?cation. 

[0043] Rolling circle replication of a circular template 
produces long strands of DNA containing tandem repeats of 
sequence complementary to the sequence of the circular 
template. These strands are referred to as tandem sequence 
DNA. The speed and yield of rolling circle ampli?cation 
reactions can be greatly increased by replicating the tandem 
sequence DNA during rolling circle replication. This can be 
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accomplished by using one or more primers complementary 
to sequence in the tandem sequence DNA. Such primers, 
referred to as secondary DNA strand displacement primers, 
have sequence matching sequence in an open circle probe or 
ampli?cation target circle (and thus are complementary to 
the tandem sequence DNA). Replication of the tandem 
sequence DNA produces more nucleic acid, referred to as 
secondary tandem sequence DNA, and provides a template 
for further replication by the rolling circle replication prim 
ers (Which are complementary to sequences in the secondary 
tandem sequence DNA). These, and subsequent replication 
products are similarly replicated producing an overall cas 
cade of replication, referred to as exponential rolling circle 
ampli?cation, that produces a huge ampli?cation in a short 
time. 

[0044] Disclosed are compositions and methods for 
increasing the speci?city of nucleic acid ampli?cation reac 
tions. Increased speci?city can include, for example, more 
ampli?cation of ampli?cation targets, or more ampli?cation 
based on speci?c targets, relative to non-target ampli?cation 
and/or more accurate assessment of false positive and false 
negative ampli?cation. One form of method for increasing 
speci?city is the use of matched open circle probe sets. 
Matched open circle probes are open circle probes that are 
targeted to different forms of the same target sequence. For 
example, a target sequence in a gene of interest may occur 
in tWo or more forms (for example, a “Wild type” or 
“normal” form and a “mutant” form; or, more generally, 
polymorphic forms); single nucleotide polymorphisms are 
an example of such different forms of target sequences. By 
targeting tWo or more (up to, for example, most or all) of the 
different forms of a target sequence that may be present, the 
ampli?cation reaction Will include a positive control. That 
is, for example, the open circle probe targeted to the normal 
form of the target sequence Will produce a signal even if the 
mutant form of the target sequence is not present in the 
reaction or the open circle probe targeted to the mutant form 
of the target sequence Will produce a signal even if the 
normal form of the target sequence is not present in the 
reaction. 

[0045] Ligation-mediated rolling circle ampli?cation 
should produce ampli?cation products from a given open 
circle probe When the target sequence of that open circle 
probe is present and should not produce ampli?cation prod 
ucts from that open circle probe When the target sequence of 
that open circle probe is not present. HoWever, it is possible 
that the absence of the ampli?cation products could be the 
result of a non-functional reaction rather than the absence of 
target sequence. Including open target circles speci?c for 
tWo or more possible forms of a target sequence means that 
the target for at least one of the open circle probes Will be 
present. Resultant production of ampli?cation products 
serves as a sort of positive control, indicating that the 
ampli?cation reaction is functional. Further, if there is no 
target sequence present in the reaction (so that no open circle 
probe should be circulariZed and ampli?ed), there is an 
increased tendency for the reaction to produce spurious or 
artifactual ampli?cation products. This can be referred to as 
idle assay artifact production. By ensuring (or increasing the 
chances) that the target sequence for at least one open circle 
is present in the ampli?cation reaction, the chance that idle 
assay artifacts Will be produced is minimiZed. 
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[0046] Disclosed are compositions and methods for 
increasing the consistency of nucleic acid ampli?cation 
reactions. Increased consistency can include, for example, 
levels of ampli?cation products that more accurately re?ect 
the relative amount of starting material, and/or less variation 
in the yield of ampli?cation from different ampli?cation 
targets. One form of method for increasing consistency 
involves the use of three primers having different relation 
ships to open circle probes used in the method. The three 
primers are detection rolling circle replication primers, sec 
ondary DNA strand displacement primers, and common 
rolling circle replication primers. For example, for a given 
set of open circle probes or ampli?cation target circles, 
detection rolling circle replication primers can each corre 
spond to a different open circle probe or ampli?cation target 
circle in the set While secondary DNA strand displacement 
primers and common rolling circle replication primers can 
correspond to all of the open circle probe or ampli?cation 
target circles in the set. These relationships alloW the overall 
ampli?cation to be consistent among different open circle 
probes or ampli?cation target circles in a set because the 
sequence of tWo of the primers used (and their complements 
on the circles) Will be the same throughout the set (thus 
minimiZing or eliminating the effect of sequence on primer 
ef?ciency). Differential detection is mediated by the circle 
speci?c detection rolling circle replication primers. 

[0047] Rolling circle ampli?cation can be performed 
using multiple open circle probes or ampli?cation target 
circles in the same reaction. Speci?city of detection of 
rolling circle replication of different circulariZed open circle 
probes and ampli?cation target circles can be accomplished 
in numerous Ways. For real-time detection, it is useful to use 
a different detection rolling circle replication primer speci?c 
for each different open circle probe and ampli?cation target 
circle. Because the different detection rolling circle replica 
tion primers may have different priming ef?ciencies (due to 
sequence differences, for example), it is useful to include 
one or more common rolling circle replication primers that 
are complementary to all of the open circle probes or 
ampli?cation target circles in the reaction. This provides 
rolling circle replication unbiased by differing priming ef? 
ciencies. 

[0048] 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 usefully 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. 

[0049] 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. 
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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. 

[0050] 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. 

[0051] 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. 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. 

[0052] One form of the disclosed open circle probes 
includes a loop as part of the intramolecular stem structure. 
It is useful for the loop to contain sequences complementary 
to the target sequence. This alloWs the loop to nucleate 
hybridiZation of the open probe to the target sequence. 
Useful forms of the loop-containing probes are characteriZed 
by a sequence discrimination capability that is markedly 
better that the comparable linear probes due to the compe 
tition 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 U S A 96(11):6171-6 (1999)). Useful 
open circle probes of this type Will not hybridiZe to mis 
matched sequences under suitable conditions because 
duplex hybridiZation of probe to target does not effectively 
compete With intramolecular stem formation of the struc 
tured 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 avail 
able 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). 

[0053] 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 
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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 U S A 96(11):6171-6 (1999)). 

[0054] Disclosed are compositions and methods for 
nucleic acid ampli?cation reactions that involve or produce 
a combination of the above effects. That is, nucleic acid 
ampli?cation reactions can combine tWo or more of reduc 
tion, prevention, or elimination of artifacts; increased ef? 
ciency; increased speci?city; and/or increased consistency. 
The disclosed method can combine, for example, the use of 
open circle probes that can form intramolecular stem struc 
tures; the use of matched open circle probe sets in the same 
ampli?cation reaction; the use of detection primers and 
detection during the ampli?cation reaction; the use of a 
plurality of detection rolling circle replication primer, a 
secondary DNA strand displacement primer and a common 
rolling circle replication primer in the same ampli?cation 
reaction; and/or the use of peptide nucleic acid quenchers 
associated With detection rolling circle replication primers. 
Such combinations can produce, in the same ampli?cation 
reaction, the bene?ts of each of the combined components. 

[0055] 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. 
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. 

[0056] 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 
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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. 

[0057] 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. Notable 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. 

[0058] Some forms of the disclosed method can comprise 
a DNA ligation operation and an ampli?cation operation. 
The DNA ligation operation can comprise circulariZation of 
one or more open circle probes and can be carried out in the 
presence of a set of open circle probes. The set of open circle 
probes can comprise a plurality of different open circle 
probes. Each open circle probe can comprise tWo ends, 
Where at least one of the ends of at least one of the open 
circle probes can form an intramolecular stem structure. 
CirculariZation of the open circle probes that can form an 
intramolecular stem structure can be dependent on hybrid 
iZation of the open circle probe to a target sequence. TWo or 
more of the open circle probes in the set of open circle 
probes can constitute a matched open circle probe set. 

[0059] The ampli?cation operation can comprise rolling 
circle replication of the circulariZed open circle probes. The 
ampli?cation operation can be carried out in the presence of 
a plurality of detection rolling circle replication primers, a 
secondary DNA strand displacement primer, and a common 
rolling circle replication primer. Each detection rolling circle 
replication primer can be associated With a peptide nucleic 
acid quencher. Each detection rolling circle replication 
primer can correspond to a different open circle probe in the 
set of open circle probes, the secondary DNA strand dis 
placement primer can correspond to all of the open circle 
probes in the set of open circle probes, and the common 

Sep. 4, 2003 

rolling circle replication primer can correspond to all of the 
open circle probes in the set of open circle probes. 

[0060] Some forms of the disclosed method can comprise 
an ampli?cation operation. The ampli?cation operation can 
be carried out in the presence of a set of ampli?cation target 
circles. The set of ampli?cation target circles can comprise 
a plurality of different ampli?cation target circles. The 
ampli?cation operation can comprise rolling circle replica 
tion of the ampli?cation target circles. The ampli?cation 
operation can be carried out in the presence of a plurality of 
detection rolling circle replication primers, a secondary 
DNA strand displacement primer, and a common rolling 
circle replication primer. Each detection rolling circle rep 
lication primer can correspond to a different ampli?cation 
target circle in the set of ampli?cation target circles, the 
secondary DNA strand displacement primer can correspond 
to all of the ampli?cation target circles in the set of ampli 
?cation target circles, and the common rolling circle repli 
cation primer can correspond to all of the ampli?cation 
target circles in the set of ampli?cation target circles. 

[0061] Some forms of the disclosed method can comprise 
a DNA ligation operation and an ampli?cation operation, 
Where the DNA ligation operation comprises circulariZation 
of one or more open circle probes, and Where the ampli? 
cation operation comprises rolling circle replication of the 
circulariZed open circle probes. The ligation operation is 
carried out in the presence of a set of open circle probes, 
Where the set of open circle probes comprises a plurality of 
different open circle probes, and Where tWo or more of the 
open circle probes in the set of open circle probes constitute 
a matched open circle probe set. 

[0062] Some forms of the disclosed method can comprise 
a DNA ligation operation and an ampli?cation operation, 
Where the DNA ligation operation comprises circulariZation 
of one or more open circle probes, and Where the ampli? 
cation operation comprises rolling circle replication of the 
circulariZed open circle probes. The ligation operation is 
carried out in the presence of a set of open circle probes, 
Where the set of open circle probes comprises a plurality of 
different open circle probes. The ampli?cation operation is 
carried out in the presence of a plurality of detection rolling 
circle replication primers, a secondary DNA strand displace 
ment primer, and a common rolling circle replication primer, 
Where each detection rolling circle replication primer cor 
responds to a different open circle probe in the set of open 
circle probes, the secondary DNA strand displacement 
primer corresponds to all of the open circle probes in the set 
of open circle probes, and the common rolling circle repli 
cation primer corresponds to all of the open circle probes in 
the set of open circle probes. 

[0063] Some forms of the disclosed method can comprise 
a DNA ligation operation and an ampli?cation operation, 
Where the DNA ligation operation comprises circulariZation 
of one or more open circle probes, and Where the ampli? 
cation operation comprises rolling circle replication of the 
circulariZed open circle probes. The ampli?cation operation 
is carried out in the presence of one or more rolling circle 
replication primers, Where at least one of the rolling circle 
replication primers is associated With a peptide nucleic acid 
quencher. 

[0064] Some forms of the disclosed method can comprise 
an ampli?cation operation, Where the ampli?cation opera 
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tion comprises rolling circle replication of the ampli?cation 
target circles. The ampli?cation operation is carried out in 
the presence of one or more rolling circle replication prim 
ers, Where at least one of the rolling circle replication 
primers is associated With a peptide nucleic acid quencher. 

[0065] Some forms of the disclosed method can comprise 
a DNA ligation operation and an ampli?cation operation, 
Where the DNA ligation operation comprises circulariZation 
of one or more open circle probes, and Wherein the ampli 
?cation operation comprises rolling circle replication of the 
circulariZed open circle probes. The ligation operation is 
carried out in the presence of a set of open circle probes, 
Where the set of open circle probes comprises a plurality of 
different open circle probes. Each open circle probe com 
prises tWo ends, Where at least one of the ends of at least one 
of the open circle probes can form an intramolecular stem 
structure. CirculariZation of the open circle probes that can 
form an intramolecular stem structure is dependent on 
hybridiZation of the open circle probe to a target sequence. 
TWo or more of the open circle probes in the set of open 
circle probes constitute a matched open circle probe set. 

[0066] The ampli?cation operation is carried out in the 
presence of a plurality of detection rolling circle replication 
primers, a secondary DNA strand displacement primer, and 
a common rolling circle replication primer. Each detection 
rolling circle replication primer is associated With a peptide 
nucleic acid quencher. Each detection rolling circle replica 
tion primer corresponds to a different open circle probe in 
the set of open circle probes, the secondary DNA strand 
displacement primer corresponds to all of the open circle 
probes in the set of open circle probes, and the common 
rolling circle replication primer corresponds to all of the 
open circle probes in the set of open circle probes. 

[0067] Some forms of the disclosed method can comprise 

[0068] (a) mixing a set of open circle probes With a 
target sample, to produce an OCP-target sample 
mixture, and incubating the OCP-target sample mix 
ture under conditions that promote hybridiZation 
betWeen the open circle probes and the target 
sequences in the OCP-target sample mixture. The set 
of open circle probes comprises a plurality of dif 
ferent open circle probes. Each open circle probe can 
comprise tWo ends. At least one of the ends of at least 
one of the open circle probes can form an intramo 
lecular stem structure. CirculariZation of the open 
circle probes that can form an intramolecular stem 
structure can be dependent on hybridiZation of the 
open circle probe to a target sequence. TWo or more 
of the open circle probes in the set of open circle 
probes can constitute a matched open circle probe 
set. 

[0069] (b) mixing ligase With the OCP-target sample 
mixture, to produce a ligation mixture, and incubat 
ing the ligation mixture under conditions that pro 
mote ligation of the open circle probes to form 
ampli?cation target circles. The ampli?cation target 
circles formed from the open circle probes in the set 
of open circle probes can comprise a set of ampli 
?cation target circles. 

[0070] (c) mixing a plurality of detection rolling 
circle replication primers, a secondary DNA strand 
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displacement primer, and a common rolling circle 
replication primer With the ligation mixture, to pro 
duce a primer-ATC mixture, and incubating the 
primer-ATC mixture under conditions that promote 
hybridiZation betWeen the ampli?cation target 
circles and the rolling circle replication primers in 
the primer-AT C mixture. Each detection rolling 
circle replication primer can be associated With a 
peptide nucleic acid quencher. Each detection rolling 
circle replication primer can correspond to a different 
open circle probe in the set of open circle probes, the 
secondary DNA strand displacement primer can cor 
respond to all of the open circle probes in the set of 
open circle probes, and the common rolling circle 
replication primer can correspond to all of the open 
circle probes in the set of open circle probes. 

[0071] (d) mixing DNA polymerase With the primer 
ATC mixture, to produce a polymerase-ATC mix 
ture, and incubating the polymerase-ATC mixture 
under conditions that promote replication of the 
ampli?cation target circles. Replication of the ampli 
?cation target circles results in the formation of 
tandem sequence DNA. 

[0072] In some forms of the disclosed method, rolling 
circle ampli?cation can be performed using peptide nucleic 
acid (PNA) quenched primers. Ampli?cation primers (such 
as detection rolling circle replication primers, common 
rolling circle replication primers and secondary DNA strand 
displacement primers) for the reaction can contain a ?uo 
rescent dye, With the ?uorescence quenched by a PNA 
molecule that incorporates a quencher. In brief, the PNA 
anneals to the ampli?cation primer in a manner such that the 
?uor and quencher are adjacent to one another. After primer 
incorporation of the primer, the PNA is displaced, resulting 
in an increase in ?uorescence. Examples of useful PNA 
quenchers are available from Boston Probes. 

[0073] The disclosed compositions and method can be 
illustrated With the folloWing example of oligonucleotides. 
The oligonucleotides have a 5‘ phosphate unless a different 
molecule or moiety is indicated. An example of a peptide 
nucleic acid quencher (designated Q-PNA-13) having a 
Dabcyl quencher is: 
[0074] Ac-X-OO-TGA-T1“G-CGA-ATG-Lys(Dabcyl) 
(SEQ ID N01) 
[0075] This peptide nucleic can be annealed to primers, 
such as the folloWing examples of tWo detection rolling 
circle replication primers (primer 1066 PI FAM and primer 
5901 P1 Cy 3) and a secondary DNA strand displacement 
primer (primer 1704 P2). These primers Were designed for 
use With open circle probes targeted to different forms of a 
Factor V Leiden target sequence (a Wild type form and a 
mutant form), also shoWn beloW. The sequence in the rolling 
circle replication primers that is complementary to the 
sequence in the peptide nucleic aid quencher is underlined. 
The complementary portions of the rolling circle replication 
primers and the primer complement portions of the open 
circle probes are in bold. The ?uorescent moieties (Cy3 and 
FAM) are shoWn at the 5‘ end of the primers. The secondary 
DNA strand displacement primer has sequence matching 
sequence in the open circle probes. This matching sequence 
in the open circle probes is in italic. In the open circle 
probes, sequence that forms a stem is underlined and 
sequence that is in the resulting loop is shoWn in loWercase 
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letters. The open circle probes constitute a matched open 
circle probe set because they are targeted to different forms 
of the same sequence. 

1066 P1 FAM (sequence 1066) : 

5901 P1 Cy3 (sequence 5901) : 

1704 P2 (sequence 1704) : 

[0076] Factor V Leiden Wild type open circle probe (OCP 
FV 1066/1704-2 Wt (78 bases long)): 

GAGGAATACAacaaaataccTGTATTCCTC-3 ' 

[0077] This OCP has a 10 nt long loop (in loWercase) and 
a 10 bp stem sequence (underlined). The Tm of the stem, 
calculated using Oligo 6, is 643° C. The Tm of a perfectly 
matched 3‘-arm (loWercase sequence and 3‘ underlined 
sequence; this is the left target probe portion) is 532° C., and 
the Tm of a 3‘-arm containing a single base mismatch is 
472° C. Tm of the 5‘ arm (plain black text; this is the right 
target probe portion) is 772° C. The primer complement 
portion for primer 1066 P1 FAM is in bold, and the primer 
matching portion for the secondary DNA strand displace 
ment primer 1704 P2 is in italic. 

[0078] Factor V Leiden mutant open circle probe (OCP FV 
5901/1704-2 (78 bases long): 5‘-GCCTGTCCAGGGATCT 
GCTCTGTTATCGGCCGTCGCGCAGACACGATA 
AAGGAATACAacaaaataccTGTATTCCTT-3‘ (SEQ ID 
NO:6) 
[0079] This OCP has a 10 nt long loop (in loWercase) and 
a 10 bp stem sequence (underlined). The Tm of the stem, 
calculated using Oligo 6, is 64.4° C. The Tm of a perfectly 
matched 3‘ arm (loWercase sequence and 3‘ underlined 
sequence; this is the left target probe portion) is 532° C., and 
the Tm of a 3‘-arm containing a single base mismatch is 
472° C. Tm of the 5‘ arm (plain black text; this is the right 
target probe portion) is 772° C. The primer complement 
portion for primer 5901 P1 Cy3 is in bold, and the primer 
matching portion for the secondary DNA strand displace 
ment primer 1704 P2 is in italic. 

[0080] The assay for both alleles can be performed in a 
single tube. This offers the advantage of having tWo probes 
in one tube, halving the number of experiments required to 
obtain the genotype of a locus. TWo alleles per Well also 
offers the advantage of increased ligation discrimination, 
because it guarantees that a probe Will anneal perfectly to 
target regardless of the genotype. The presence of a perfectly 
matched ligation probe reduces the chance of forced misli 
gation due to mass action. Using matched open circle probes 
reduces the appearance of artifactual synthesis. Because 
both probes are present, there is alWays legitimate circular 
ampli?cation template being created. Further, conditions can 
be used such that ERCA Will out-compete any ampli?cation 
artifact. 

[0081] Both open circle probes in the assay use the same 
secondary DNA strand displacement primer (primer 1704 

5 ' —CGC GCA GAC ACG ATA-3' 
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P2). Using the same secondary DNA strand displacement 
primer for multiplexed open circle probes is a general design 
improvement that reduces the chance for variation in prim 

5 ' —/6—FAM/TCATTCGCAATCAATG GGCACCGAAGAA-3 ' (SEQ ID NO:2) 

(SEQ ID NO:3) 

(SEQ ID NO:4) 

ing ef?ciency from sequence to sequence, and therefore 
provides more uniform ampli?cation for each open circle 
probe. 

[0082] No overnight enZymatic digestion of genomic 
DNA is required. A 10 minute heat step folloWing ligation 
can be used. For example, the DNA to 90-96° C. (95° C. is 
preferred) for 10 minutes folloWing the ligation operation. 
This alloWs ampli?cation to proceed as though the DNA had 
been digested With a restriction enZyme. Genomic DNA 
ampli?ed using multiple displacement ampli?cation can be 
genotyped directly (that is, Without the need for puri?cation) 
using the disclosed method. 

[0083] Because the rolling circle replication primers and 
secondary DNA strand displacement primers can correspond 
to arbitrary sequences in open circle probes, the same 
primers can be used for multiple different open circle probes 
(for example, open circle probes targeted to different target 
sequences). 

[0084] Multiple rolling circle replication primers and/or 
multiple secondary DNA strand displacement primers can be 
used With the same open circle probe. Further, the primers 
can be the same for multiple open circle probes used in the 
reaction. This speeds up the ampli?cation and can help 
prevent biased ampli?cation by eliminating sequence dif 
ferences (and thus, sequence-based differences in priming 
ef?ciency). The sequences of an additional rolling circle 
replication primer (primer FV P5e; an example of a common 
rolling circle replication primer) and an additional secondary 
DNA strand displacement primer (primer FV P3d) for the 
Factor V Leiden open circle probes are shoWn beloW. 

FV P5e: GATCCCTGGACAGGC (SEQ ID NO:7) 

FV P3d: GAGGAATACAACAAAATA (SEQ ID NO:8) 

[0085] A. Rolling Circle Ampli?cation 

[0086] 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. Useful embodiments of the 
method, referred to as ligation-mediated RCA (LM-RCA), 
consist of a DNA ligation operation, an ampli?cation opera 
tion, and, optionally, a detection operation. The DNA liga 
tion operation circulariZes a specially designed nucleic acid 
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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 replication 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 useful 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 replica 
tion. Rolling circle ampli?cation can also be performed 
independently of a ligation operation. 

[0087] During or 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, antibody-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 espe 
cially suited to sensitive detection of multiple analytes, such 
as proteins and peptides, in a single assay, reaction, or assay 
system. 

[0088] 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. 

[0089] 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 
ods also have an inherently loW level of background signal. 
A useful form of such a method consists of an association 
operation, an ampli?cation operation, and a detection opera 
tion. The method can also include a ligation operation. 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 targets proteins or peptides. This 
operation associates the reporter binding molecules to a 
target molecules present in a sample. The ampli?cation 
operation is rolling circle replication of circular nucleic acid 
molecules, termed ampli?cation target circles, that are either 
a part of, or hybridiZed to, the probe molecules. By coupling 
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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. 

[0090] 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. 

Materials 

[0091] A. Open Circle Probes 

[0092] An open circle probe (OCP) is a linear DNA 
molecule, preferably containing betWeen 50 to 1000 nucle 
otides, more preferably betWeen about 60 to 150 nucle 
otides, and most preferably betWeen about 70 to 100 nucle 
otides. 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. Useful open circle probes for use 
in the disclosed method can form an intramolecular 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). Open circle 
probes can be partially double-stranded. 

[0093] 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. In some forms, the 3‘ end of the open 
circle probe can form an intramolecular stem structure. The 
5‘ end of the open circle probe can also form an intramo 
lecular stem structure, either alone, or in the same open 
circle probe having an intramolecular stem structure at the 3‘ 
end. The intramolecular stem structure can form, for 
eXample, under conditions suitable for nucleic acid replica 
tion, and in particular under conditions used for nucleic acid 
replication When the open circle probe 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 partici 
pation of uncirculariZed 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 
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useful for the intramolecular stem structure to 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 intramolecular 
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 intramolecular stem 
structure in the uncirculariZed open circle probes, making 
them unavailable for priming. 

[0094] Portions of the OCP can have speci?c functions 
making the OCP useful for RCA and LM-RCA. These 
portions are referred to as the target probe portions, the 
primer complement portions, the spacer region, the second 
ary DNA strand displacement primer matching portions, the 
detection tag portions, the secondary target sequence por 
tions, the address tag portions, and the promoter portions. 
The target probe portions and at least one primer comple 
ment portion are required elements of an open circle probe. 
The primer complement portion can be part of, for eXample, 
the spacer region. Detection tag portions, secondary target 
sequence portions, promoter portions, and additional primer 
complement portions are optional and, When present, can be 
part of, for example, the spacer region. Address tag portions 
are optional and, When present, can be part of, for eXample, 
the spacer region. The primer complement portions, and the 
detection tag portions, the secondary target sequence por 
tions, the address tag portions, and the promoter portions, if 
present, can be non-overlapping. HoWever, various of these 
portions can be partially or completely overlapping if 
desired. OCPs can be single-stranded but may be partially 
double-stranded. In use, the target probe portions of an OCP 
should be single-stranded so that they can interact With 
target sequences. 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. Particularly useful open circle probes 
comprise a right target probe portion, a left target probe 
portion, a detection primer complement portion, a secondary 
DNA strand displacement primer matching portion, and a 
common primer complement portion. 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-comple 
mentary. 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. 

[0095] 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 
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 
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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. The TS-DNA Will also have sequence 
complementary to the matching portion of secondary DNA 
strand displacement primers. This sequence in the TS-DNA 
is referred to as the secondary DNA strand displacement 
primer complement or as the primer complement. 

[0096] 1. Sets of Open Circle Probes 

[0097] Open circle probes can be used in sets in the 
disclosed method. Ligation and ampli?cation operations can 
involve a single reaction or multiple different reactions. 
Each reaction can use one or more sets of open circle probes. 
The same or different sets of open circle probes can be used 
in different reactions. Useful sets of open circle probes can 
have particular relationships to detection rolling circle rep 
lication primers, common rolling circle replication primers, 
and secondary DNA strand displacement primers. For 
eXample, each detection rolling circle replication primer can 
correspond to a different open circle probe in the set of open 
circle probes, the secondary DNA strand displacement 
primer can correspond to all of the open circle probes in the 
set of open circle probes, and the common rolling circle 
replication primer can correspond to all of the open circle 
probes in the set of open circle probes. This relationship has 
advantages discussed elseWhere herein. 

[0098] The disclosed method also can be carried out using 
multiple open circle probe sets. The sets can each include a 
plurality of different open circle probes. The primer rela 
tionships described above can be eXtended to multiple open 
circle probe sets. For example, each detection rolling circle 
replication primer can correspond to a different open circle 
probe in all of the sets of open circle probes, the secondary 
DNA strand displacement primer can correspond to all of the 
open circle probes in all of the sets of open circle probes, and 
the common rolling circle replication primer can correspond 
to all of the open circle probes in all of the sets of open circle 
probes. As another eXample, each detection rolling circle 
replication primer can correspond to a different open circle 
probe in all of the sets of open circle probes and the common 
rolling circle replication primer can correspond to all of the 
open circle probes in all of the sets of open circle probes. 
The ampli?cation operation can then be carried out in the 
presence of a plurality of secondary DNA strand displace 
ment primers, Where each secondary DNA strand displace 
ment primer can correspond to open circle probes in a 
different set of open circle probes and a single secondary 
DNA strand displacement primer can correspond to all of the 
open circle probes in a given set of open circle probes. As 
another eXample, each detection rolling circle replication 
primer can correspond to a different open circle probe in all 
of the sets of open circle probes, the secondary DNA strand 
displacement primer and can correspond to all of the open 
circle probes in all of the sets of open circle probes. The 
ampli?cation operation can then be carried out in the pres 
ence of a plurality of common rolling circle replication 
primers, Where each common rolling circle replication 
primer can correspond to open circle probes in a different set 
of open circle probes and a single common rolling circle 
replication primer can correspond to all of the open circle 
probes in a given set of open circle probes. 

[0099] As another eXample, each detection rolling circle 
replication primer can correspond to a different open circle 












































































































































