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ABSTRACT 

The invention relates to compositions and methods for 
detecting and quantifying a target nucleic acid using a 
variety of both signal ampli?cation and target ampli?cation 
techniques. 
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DETECTION OF NUCLEIC ACID AMPLIFICATION 
REACTIONS USING BEAD ARRAYS 

[0001] The present invention is a continuation-in-part of 
US. Ser. No. 60/161,148, ?led Oct. 22, 1999, Which is a 
continuation-in-part of US. Ser. No. 60/135,051, ?led May 
20, 1999, and a continuation-in-part of US. Ser. No. 60/160, 
027, ?led Oct. 22, 1999, Which is a continuation-in-part of 
US. Ser. No. 60/130,089, ?led Apr. 20, 1999, all of Which 
are pending. 

FIELD OF THE INVENTION 

[0002] The invention relates to compositions and methods 
useful in the detection and quanti?cation of a nucleic acid 
target using a variety of ampli?cation techniques, including 
both signal ampli?cation and target ampli?cation. Detection 
proceeds through the use of a label that is associated With the 
ampli?ed signal or target, either directly or indirectly, to 
alloW optical detection of the light absorbing label using a 
microsphere array sensor. 

BACKGROUND OF THE INVENTION 

[0003] The detection of speci?c nucleic acids is an impor 
tant tool for diagnostic medicine and molecular biology 
research. Gene probe assays currently play roles in identi 
fying infectious organisms such as bacteria and viruses, in 
probing the expression of normal genes and identifying 
mutant genes such as oncogenes, in typing tissue for com 
patibility preceding tissue transplantation, in matching tissue 
or blood samples for forensic medicine, and for exploring 
homology among genes from different species. 

[0004] Ideally, a gene probe assay should be sensitive, 
speci?c and easily automatable (for a revieW, see Nickerson, 
Current Opinion in Biotechnology 4:48-51 (1993)). The 
requirement for sensitivity (i.e. loW detection limits) has 
been greatly alleviated by the development of the poly 
merase chain reaction (PCR) and other ampli?cation tech 
nologies Which alloW researchers to amplify exponentially a 
speci?c nucleic acid sequence before analysis as outlined 
beloW (for a revieW, see Abramson et al., Current Opinion in 
Biotechnology, 4:41-47 (1993)). 

[0005] Sensitivity, i.e. detection limits, remain a signi? 
cant obstacle in nucleic acid detection systems, and a variety 
of techniques have been developed to address this issue. 
Brie?y, these techniques can be classi?ed as either target 
ampli?cation or signal ampli?cation. Target ampli?cation 
involves the ampli?cation (i.e. replication) of the target 
sequence to be detected, resulting in a signi?cant increase in 
the number of target molecules. Target ampli?cation strat 
egies include the polymerase chain reaction (PCR), strand 
displacement ampli?cation (SDA), and nucleic acid 
sequence based ampli?cation (NASBA). 

[0006] Alternatively, rather than amplify the target, alter 
nate techniques use the target as a template to replicate a 
signalling probe, alloWing a small number of target mol 
ecules to result in a large number of signalling probes, that 
then can be detected. Signal ampli?cation strategies include 
the ligase chain reaction (LCR), cycling probe technology 
(CPT), invasive cleavage techniques such as InvaderTM 
technology, Q-Beta replicase (QBR) technology, and the use 
of “ampli?cation probes” such as “branched DNA” that 
result in multiple label probes binding to a single target 
sequence. 
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[0007] The polymerase chain reaction (PCR) is Widely 
used and described, and involves the use of primer extension 
combined With thermal cycling to amplify a target sequence; 
see US. Pat. Nos. 4,683,195 and 4,683,202, and PCR 
Essential Data, J. W. Wiley & sons, Ed. C. R. NeWton, 1995, 
all of Which are incorporated by reference. In addition, there 
are a number of variations of PCR Which also ?nd use in the 
invention, including “quantitative competitive PCR” or 
“QC-PCR”, “arbitrarily primed PCR” or “AP-PCR”, 
“immuno-PCR”, “Alu-PCR”, “PCR single strand conforma 
tional polymorphism” or “PCR-SSCP”, allelic PCR (see 
NeWton et al. Nucl. Acid Res. 17:2503 91989); “reverse 
transcriptase PCR” or “RT-PCR”, “biotin capture PCR”, 
“vectorette PCR”, “panhandle PCR”, and “PCR select 
cDNA subtraction”, among others. 

[0008] Strand displacement ampli?cation (SDA) is gener 
ally described in Walker et al., in Molecular Methods for 
Virus Detection, Academic Press, Inc., 1995, and US. Pat. 
Nos. 5,455,166 and 5,130,238, all of Which are hereby 
incorporated by reference. 

[0009] Nucleic acid sequence based ampli?cation 
(NASBA) is generally described in US. Pat. No. 5,409,818 
and “Pro?ting from Gene-based Diagnostics”, CTB Inter 
national Publishing Inc., N.J., 1996, both of Which are 
incorporated by reference. 

[0010] Cycling probe technology (CPT) is a nucleic acid 
detection system based on signal or probe ampli?cation 
rather than target ampli?cation, such as is done in poly 
merase chain reactions (PCR). Cycling probe technology 
relies on a molar excess of labeled probe Which contains a 
scissile linkage of RNA. Upon hybridiZation of the probe to 
the target, the resulting hybrid contains a portion of 
RNA:DNA. This area of RNA:DNA duplex is recogniZed by 
RNAseH and the RNA is excised, resulting in cleavage of 
the probe. The probe noW consists of tWo smaller sequences 
Which may be released, thus leaving the target intact for 
repeated rounds of the reaction. The unreacted probe is 
removed and the label is then detected. CPT is generally 
described in US. Pat. Nos. 5,011,769, 5,403,711, 5,660,988, 
and 4,876,187, and PCT published applications WO 
95/05480, WO 95/1416, and WO 95/00667, all of Which are 
speci?cally incorporated herein by reference. 

[0011] The oligonucleotide ligation assay (OLA; some 
times referred to as the ligation chain reaction (LCR)) 
involve the ligation of at least tWo smaller probes into a 
single long probe, using the target sequence as the template 
for the ligase. See generally US. Pat. Nos. 5,185,243, 
5,679,524 and 5,573,907; EP 0 320 308 B1; EP 0 336 731 
B1; EP 0 439 182 B1; WO 90/01069; WO 89/12696; and 
WO 89/09835, all of Which are incorporated by reference. 

[0012] InvaderTM technology is based on structure-speci?c 
polymerases that cleave nucleic acids in a site-speci?c 
manner. TWo probes are used: an “invader” probe and a 
“signalling” probe, that adjacently hybridiZe to a target 
sequence With a non-complementary overlap. The enZyme 
cleaves at the overlap due to its recognition of the “tail”, and 
releases the “tail” With a label. This can then be detected. 
The InvaderTM technology is described in US. Pat. Nos. 
5,846,717; 5,614,402; 5,719,028; 5,541,311; and 5,843,669, 
all of Which are hereby incorporated by reference. 

[0013] “Rolling circle ampli?cation” is based on exten 
sion of a circular probe that has hybridiZed to a target 
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sequence. A polymerase is added that extends the probe 
sequence. As the circular probe has no terminus, the poly 
merase repeatedly extends the circular probe resulting in 
concatamers of the circular probe. As such, the probe is 
ampli?ed. Rolling-circle ampli?cation is generally 
described in Baner et al. (1998) Nuc. Acids Res. 26:5073 
5078; Barany, F. (1991) Proc. Natl. Acad. Sci. USA 88:189 
193; and LiZardi et al. (1998) Nat Genet. 19:225-232, all of 
Which are incorporated by reference in their entirety. 

[0014] “Branched DNA” signal ampli?cation relies on the 
synthesis of branched nucleic acids, containing a multiplic 
ity of nucleic acid “arms” that function to increase the 
amount of label that can be put onto one probe. This 
technology is generally described in US. Pat. Nos. 5,681, 
702, 5,597,909, 5,545,730, 5,594,117, 5,591,584, 5,571,670, 
5,580,731, 5,571,670, 5,591,584, 5,624,802, 5,635,352, 
5,594,118, 5,359,100, 5,124,246 and 5,681,697, all of Which 
are hereby incorporated by reference. 

[0015] Similarily, dendrimers of nucleic acids serve to 
vastly increase the amount of label that can be added to a 
single molecule, using a similar idea but different compo 
sitions. This technology is as described in US. Pat. No. 
5,175,270 and Nilsen et al., J. Theor. Biol. 187:273 (1997), 
both of Which are incorporated herein by reference. 

[0016] In each of these methods, analysis of the ampli?ed 
target or ampli?ed signal remains problematic. Accordingly, 
it is an object of the invention to provide compositions and 
methods for the detection and quanti?cation of the products, 
either directly or indirectly, of nucleic acid ampli?cation 
reactions. 

SUMMARY OF THE INVENTION 

[0017] In accordance With the objects outlined above, the 
present invention provides a method for detecting a ?rst 
target nucleic acid sequence. In one aspect the method 
comprises hybridiZing at least a ?rst primer nucleic acid to 
the ?rst target sequence to form a ?rst hybridiZation com 
plex, contacting the ?rst hybridiZation complex With a ?rst 
enZyme to form a modi?ed ?rst primer nucleic acid, disas 
sociating the ?rst hybridiZation complex, contacting the 
modi?ed ?rst primer nucleic acid With an array comprising 
a substrate With a surface comprising discrete sites and a 
population of microspheres comprising at least a ?rst sub 
population comprising a ?rst capture probe such that the ?rst 
capture probe and the modi?ed primer form an assay com 
plex, Wherein the microspheres are distributed on the sur 
face, and detecting the presence of the modi?ed primer 
nucleic acid. 

[0018] In addition the method further comprises hybrid 
iZing at least a second primer nucleic acid to a second target 
sequence that is substantially complementary to the ?rst 
target sequence to form a second hybridiZation complex, 
contacting the second hybridiZation complex With the ?rst 
enZyme to form modi?ed second primer nucleic acid, dis 
associating the second hybridiZation complex and forming a 
second assay complex comprising the modi?ed second 
primer nucleic acid and a second capture probe on a second 
subpopulation. 

[0019] In an additional aspect of the invention the primer 
forms a circular probe folloWing hybridiZation With the 
target nucleic acid to form a ?rst hybridiZation complex and 
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contacting the ?rst hybridiZation complex With a ?rst 
enZyme comprising a ligase such that the oligonucleotide 
ligation assay (OLA) occurs. This is folloWed by adding the 
second enZyme, a polymerase, such that the circular probe is 
ampli?ed in a rolling circle ampli?cation (RCA) assay. 

[0020] In an additional aspect of the invention, the ?rst 
enZyme comprises a DNA polymerase and the modi?cation 
is an extension of the primer such that the polymerase chain 
reaction (PCR) occurs. In an additional aspect of the inven 
tion the ?rst enZyme comprises a ligase and the modi?cation 
comprises a ligation of the ?rst primer Which hybridiZes to 
a ?rst domain of the ?rst target sequence, to a third primer 
Which hybridiZes to a second adjacent domain of the ?rst 
target sequence such that the ligase chain reaction (LCR) 
occurs. 

[0021] In an additional aspect of the invention, the ?rst 
primer comprises a ?rst probe sequence, a ?rst scissile 
linkage and a second probe sequence, Wherein the ?rst 
enZyme Will cleave the scissile linkage resulting in the 
separation of the ?rst and second probe sequences and the 
disassociation of the ?rst hybridiZation complex, leaving the 
?rst target sequence intact such that the cycling probe 
technology (CPT) reaction occurs. 

[0022] In addition, Wherein the ?rst enZyme is a poly 
merase that extends the ?rst primer and the modi?ed ?rst 
primer comprises a ?rst neWly synthesiZed strand, the 
method further comprises the addition of a second enZyme 
comprising a nicking enZyme that nicks the extended ?rst 
primer leaving the ?rst target sequence intact, and extending 
from the nick using the polymerase, and thereby displacing 
the ?rst neWly synthesiZed strand and generating a second 
neWly synthesiZed strand such that strand displacement 
ampli?cation (SBA) occurs. 

[0023] In addition, Wherein the ?rst target sequence is an 
RNA target sequence, the ?rst primer nucleic acid is a DNA 
primer comprising an RNA polymerase promoter, the ?rst 
enZyme is a reverse-transcriptase that extends the ?rst 
primer to form a ?rst neWly synthesiZed DNA strand, the 
method further comprises the addition of a second enZyme 
comprising an RNA degrading enZyme that degrades the 
?rst target sequence, the addition of a third primer that 
hybridiZes to the ?rst neWly synthesiZed DNA strand, the 
addition of a third enZyme comprising a DNA polymerase 
that extends the third primer to form a second neWly 
synthesiZed DNA strand, to form a neWly synthesiZed DNA 
hybrid, the addition of a fourth enZyme comprising an RNA 
polymerase that recogniZes the RNA polymerase promoter 
and generates at least one neWly synthesiZed RNA strand 
from the DNA hybrid, such that nucleic acid sequence-based 
ampli?cation (NASBA) occurs. 

[0024] In addition, Wherein the ?rst primer is an invader 
primer, the method further comprises hybridiZing a signal 
ling primer to the target sequence, the enZyme comprises a 
structure-speci?c cleaving enZyme and the modi?cation 
comprises a cleavage of said signalling primer, such that the 
invasive cleavage reaction occurs. 

[0025] An additional aspect of the invention is a method 
for detecting a target nucleic acid sequence comprising 
hybridiZing a ?rst primer to a ?rst target sequence to form 
a ?rst hybridiZation complex, contacting the ?rst hybridiZa 
tion complex With a ?rst enZyme to extend the ?rst primer 
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to form a ?rst newly synthesized strand and form a nucleic 
acid hybrid that comprises an RNA polymerase promoter, 
contacting the hybrid With an RNA polymerase that recog 
niZes the RNA polymerase promoter and generates at least 
one neWly synthesiZed RNA strand, contacting the neWly 
synthesiZed RNA strand With an array comprising a sub 
strate With a surface comprising discrete sites and a popu 
lation of microspheres comprising at least a ?rst subpopu 
lation comprising a ?rst capture probe; such that the ?rst 
capture probe and the modi?ed primer form an assay com 
plex; Wherein the microspheres are distributed on the surface 
and detecting the presence of the neWly synthesiZed RNA 
strand. 

[0026] In addition, When the target nucleic acid sequence 
is an RNA sequence, and prior to hybridiZing a ?rst primer 
to a ?rst target sequence to form a ?rst hybridiZation 
complex, method comprises hybridiZing a second primer 
comprising an RNA polymerase promoter sequence to the 
RNA sequence to form a second hybridiZation complex, 
contacting the second hybridiZation complex With a second 
enZyme to extend the second primer to form a second neWly 
synthesiZed strand and form a nucleic acid hybrid; and 
degrading the RNA sequence to leave the second neWly 
synthesiZed strand as the ?rst target sequence. In one aspect 
of the invention the degrading is done by the addition of an 
RNA degrading enZyme. In an additional aspect of the 
invention the degrading is done by RNA degrading activity 
of reverse transcriptase. 

[0027] In addition, When the target nucleic acid sequence 
is a DNA sequence, and prior to hybridiZing a ?rst primer to 
a ?rst target sequence to form a ?rst hybridiZation complex, 
the method comprises hybridiZing a second primer compris 
ing an RNA polymerase promoter sequence to the DNA 
sequence to form a second hybridiZation complex, contact 
ing the second hybridiZation complex With a second enZyme 
to extend the second primer to form a second neWly syn 
thesiZed strand and form a nucleic acid hybrid, and dena 
turing the nucleic acid hybrid such that the second neWly 
synthesiZed strand is the ?rst target sequence. 

[0028] An additional aspect of the invention is a kit for the 
detection of a ?rst target nucleic acid sequence. The kit 
comprises at least a ?rst nucleic acid primer substantially 
complementary to at least a ?rst domain of the target 
sequence, at least a ?rst enZyme that Will modify the ?rst 
nucleic acid primer, and an array comprising a substrate With 
a surface comprising discrete sites, and a population of 
microspheres comprising at least a ?rst and a second sub 
population, Wherein each subpopulation comprises a bioac 
tive agent, Wherein the microspheres are distributed on the 
surface. 

[0029] In an additional aspect of the invention, is a kit for 
the detection of a PCR reaction Wherein the ?rst enZyme is 
a thermostable DNA polymerase. 

[0030] In an additional aspect of the invention, is a kit for 
the detection of a LCR reaction Wherein the ?rst enZyme is 
a ligase and the kit comprises a ?rst nucleic acid primer 
substantially complementary to a ?rst domain of the ?rst 
target sequence and a third nucleic acid primer substantially 
complementary to a second adjacent domain of the ?rst 
target sequence. 
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[0031] In an additional aspect of the invention, is a kit for 
the detection of a strand displacement ampli?cation (SDA) 
reaction Wherein the ?rst enZyme is a polymerase and the kit 
further comprises a nicking enZyme. 

[0032] In an additional aspect of the invention, is a kit for 
the detection of a NASBA reaction Wherein the ?rst enZyme 
is a reverse transcriptase, and the kit comprises a second 
enZyme comprising an RNA degrading enZyme, a third 
primer, a third enZyme comprising a DNA polymerase and 
a fourth enZyme comprising an RNA polymerase. 

[0033] In an additional aspect of the invention, is a kit for 
the detection of an invasive cleavage reaction Wherein the 
?rst enZyme is a structure-speci?c cleaving enZyme, and the 
kit comprises a signaling primer. 

DETAILED DESCRIPTION OF THE FIGURES 

[0034] FIGS. 1A, 1B and 1C depict three different 
embodiments for attaching a target sequence to an array. The 
solid support 5 has microsphere 10 With capture probe 20 
linked via a linker 15. FIG. 1A depicts direct attachment; the 
capture probe 20 hybridiZes to a ?rst portion of the target 
sequence 25. FIG. 1B depicts the use of a capture extender 
probe 30 that has a ?rst portion that hybridiZes to the capture 
probe 20 and a second portion that hybridiZes to a ?rst 
domain of the target sequence 25. FIG. 1C shoWs the use of 
an adapter sequence 35, that has been added to the target 
sequence, for example during an ampli?cation reaction as 
outlined herein. 

[0035] FIGS. 2A and 2B depict tWo preferred embodi 
ments of SBE ampli?cation. FIG. 2A shoWs extension 
primer 40 hybridized to the target sequence 25. Upon 
addition of the extension enZyme and labelled nucleotides, 
the extension primer is modi?ed to form a labelled primer 
41. The reaction can be repeated and then the labelled primer 
is added to the array as above. FIG. 2B depicts the same 
reaction but using adapter sequences. 
[0036] FIGS. 3A and 3B depict tWo preferred embodi 
ments of OLA ampli?cation. FIG. 3A depicts a ?rst ligation 
probe 45 and a second ligation probe 50 With a label 55. 
Upon addition of the ligase, the probes are ligated. The 
reaction can be repeated and then the ligated primer is added 
to the array as above. FIG. 3B depicts the same reaction but 
using adapter sequences. 
[0037] FIG. 4 depicts a preferred embodiment of the 
invasive cleavage reaction. In this embodiment, the signal 
ing probe 65 comprises tWo portions, a detection sequence 
67 and a signaling portion 66. The signaling portion can 
serve as an adapter sequence. In addition, the signaling 
portion generally comprises the label 55, although as Will be 
appreciated by those in the art, the label may be on the 
detection sequence as Well. In addition, for optional removal 
of the uncleaved probes, a capture tag 60 may also be used. 
Upon addition of the enZyme, the structure is cleaved, 
releasing the signaling portion 66. The reaction can be 
repeated and then the signaling portion is added to the array 
as above. 

[0038] FIGS. 5A and 5B depict tWo preferred embodi 
ments of CPT ampli?cation. A CPT primer 70 comprising a 
label 55, a ?rst probe sequence 71 and a second probe 
sequence 73, separated by a scissile linkage 72, and option 
ally comprising a capture tag 60, is hybridiZed to the target 
sequence 25. Upon addition of the enZyme, the scissile 
linkage is cleaved. The reaction can be repeated and then the 
probe sequence comprising the label is added to the array as 
above. FIG. 5B depicts the same reaction but using adapter 
sequences. 
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[0039] FIG. 6 depicts OLA/RCA ampli?cation using a 
single “padlock probe”57. The padlock probe is hybridized 
With a target sequence 25. When the probe 57 is comple 
mentary to the target sequence 26, ligation of the probe 
termini occurs forming a circular probe 28. When the probe 
57 is not complementary to the target sequence 27, ligation 
does not occur. Addition of polymerase and nucleotides to 
the circular probe results ampli?cation of the probe 58. 
Cleavage of the ampli?ed probe 58 yields fragments 59 that 
hybridiZe With an identi?er probe 21 immobiliZed on a 
microsphere 10. 

[0040] FIG. 7 depicts an alternative method of OLA/ 
RCA. An immobiliZed ?rst OLA primer 45 is hybridiZed 
With a target sequence 25 and a second OLA primer 50. 
FolloWing the addition of ligase, the ?rst and second OLA 
primers are ligated to form a ligated oligonucleotide 56. 
FolloWing denaturation to remove the target nucleic acid, the 
immobiliZed ligated oligonucleotide is distributed on an 
array. An RCA probe 57 and polymerase are added to the 
array resulting in ampli?cation of the circular RCA probe 
58. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] This invention is directed to the detection (and 
optionally quanti?cation) of products of nucleic acid ampli 
?cation reactions, using bead arrays for detection of the 
ampli?cation products. Suitable ampli?cation methods 
include both target ampli?cation and signal ampli?cation 
and include, but are not limited to, polymerase chain reac 
tion (PCR), ligation chain reaction (sometimes referred to as 
oligonucleotide ligase ampli?cation OLA), cycling probe 
technology (CPT), strand displacement assay (SDA), tran 
scription mediated ampli?cation (TMA), nucleic acid 
sequence based ampli?cation (NASBA), rolling circle 
ampli?cation (RCA), and invasive cleavage technology. All 
of these methods require a primer nucleic acid (including 
nucleic acid analogs) that is hybridiZed to a target sequence 
to form a hybridiZation complex, and an enZyme is added 
that in some Way modi?es the primer to form a modi?ed 
primer. For example, PCR generally requires tWo primers, 
dNTPs and a DNA polymerase; LCR requires tWo primers 
that adjacently hybridiZe to the target sequence and a ligase; 
CPT requires one cleavable primer and a cleaving enZyme; 
invasive cleavage requires tWo primers and a cleavage 
enZyme; etc. Thus, in general, a target nucleic acid is added 
to a reaction mixture that comprises the necessary ampli? 
cation components, and a modi?ed primer is formed. 

[0042] In general, the modi?ed primer comprises a detect 
able label, such as a ?uorescent label, Which is either 
incorporated by the enZyme or present on the original 
primer. As required, the unreacted primers are removed, in 
a variety of Ways, as Will be appreciated by those in the art 
and outlined herein. The hybridiZation complex is then 
disassociated, and the modi?ed primer is detected and 
optionally quantitated by a microsphere array. In some 
cases, the neWly modi?ed primer serves as a target sequence 
for a secondary reaction, Which then produces a number of 
ampli?ed strands, Which can be detected as outlined herein. 

[0043] Accordingly, the present invention provides com 
positions and methods for detecting the presence or absence 
of target nucleic acid sequences in a sample. As Will be 
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appreciated by those in the art, the sample solution may 
comprise any number of things, including, but not limited to, 
bodily ?uids (including, but not limited to, blood, urine, 
serum, lymph, saliva, anal and vaginal secretions, perspira 
tion and semen, of virtually any organism, With mammalian 
samples being preferred and human samples being particu 
larly preferred); environmental samples (including, but not 
limited to, air, agricultural, Water and soil samples); biologi 
cal Warfare agent samples; research samples; puri?ed 
samples, such as puri?ed genomic DNA, RNA, proteins, 
etc.; raW samples (bacteria, virus, genomic DNA, etc.; As 
Will be appreciated by those in the art, virtually any experi 
mental manipulation may have been done on the sample. 

[0044] The present invention provides compositions and 
methods for detecting the presence or absence of target 
nucleic acid sequences in a sample. By “nucleic acid” or 
“oligonucleotide” or grammatical equivalents herein means 
at least tWo nucleotides covalently linked together. Anucleic 
acid of the present invention Will generally contain phos 
phodiester bonds, although in some cases, as outlined beloW, 
nucleic acid analogs are included that may have alternate 
backbones, comprising, for example, phosphoramide (Beau 
cage et al., Tetrahedron 49(10)11925 (1993) and references 
therein; Letsinger, J. Org. Chem. 3513800 (1970); SprinZl et 
al., Eur. J. Biochem. 811579 (1977); Letsinger et al., Nucl. 
Acids Res. 1413487 (1986); SaWai et al, Chem. Lett. 805 
(1984), Letsinger et al., J. Am. Chem. Soc. 11014470 (1988); 
and PauWels et al., Chemica Scripta 261141 91986)), phos 
phorothioate (Mag et al., Nucleic Acids Res. 1911437 
(1991); and US. Pat. No. 5,644,048), phosphorodithioate 
(Briu et al., J. Am. Chem. Soc. 11112321 (1989), O-meth 
ylphophoroamidite linkages (see Eckstein, Oligonucleotides 
and Analogues: A Practical Approach, Oxford University 
Press), and peptide nucleic acid backbones and linkages (see 
Egholm, J. Am. Chem. Soc. 11411895 (1992); Meier et al., 
Chem. Int. Ed. Engl. 3111008 (1992); Nielsen, Nature, 
3651566 (1993); Carlsson et al., Nature 3801207 (1996), all 
of Which are incorporated by reference). Other analog 
nucleic acids include those With positive backbones (Denpcy 
et al., Proc. Natl. Acad. Sci. USA 9216097 (1995); non-ionic 
backbones (US. Pat. Nos. 5,386,023, 5,637,684, 5,602,240, 
5,216,141 and 4,469,863; KiedroWshi et al., AngeW. Chem. 
Intl. Ed. English 301423 (1991); Letsinger et al., J. Am. 
Chem. Soc. 11014470 (1988); Letsinger et al., Nucleoside & 
Nucleotide 1311597 (1994); Chapters 2 and 3, ASC Sym 
posium Series 580, “Carbohydrate Modi?cations in Anti 
sense Research”, Ed. Y. S. Sanghui and P. Dan Cook; 
Mesmaeker et al., Bioorganic & Medicinal Chem. Lett. 
41395 (1994); Jeffs et al., J. Biomolecular NMR 34117 
(1994); Tetrahedron Lett. 371743 (1996)) and non-ribose 
backbones, including those described in US. Pat. Nos. 
5,235,033 and 5,034,506, and Chapters 6 and 7, ASC 
Symposium Series 580, “Carbohydrate Modi?cations in 
Antisense Research”, Ed. Y. S. Sanghui and P. Dan Cook. 
Nucleic acids containing one or more carbocyclic sugars are 
also included Within the de?nition of nucleic acids (see 
Jenkins et al., Chem. Soc. Rev. (1995) pp169-176). Several 
nucleic acid analogs are described in RaWls, C & E NeWs 
Jun. 2, 1997 page 35. All of these references are hereby 
expressly incorporated by reference. These modi?cations of 
the ribose-phosphate backbone may be done to facilitate the 
addition of labels, or to increase the stability and half-life of 
such molecules in physiological environments. 
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[0045] As Will be appreciated by those in the art, all of 
these nucleic acid analogs may ?nd use in the present 
invention. In addition, mixtures of naturally occurring 
nucleic acids and analogs can be made. Alternatively, miX 
tures of different nucleic acid analogs, and miXtures of 
naturally occuring nucleic acids and analogs may be made. 

[0046] Particularly preferred are peptide nucleic acids 
(PNA) Which includes peptide nucleic acid analogs. These 
backbones are substantially non-ionic under neutral condi 
tions, in contrast to the highly charged phosphodiester 
backbone of naturally occurring nucleic acids. This results in 
tWo advantages. First, the PNA backbone eXhibits improved 
hybridiZation kinetics. PNAs have larger changes in the 
melting temperature (Tm) for mismatched versus perfectly 
matched basepairs. DNA and RNA typically exhibit a 2-4° 
C. drop in Tm for an internal mismatch. With the non-ionic 
PNA backbone, the drop is closer to 7-9° C. This alloWs for 
better detection of mismatches. Similarly, due to their non 
ionic nature, hybridiZation of the bases attached to these 
backbones is relatively insensitive to salt concentration. 

[0047] The nucleic acids may be single stranded or double 
stranded, as speci?ed, or contain portions of both double 
stranded or single stranded sequence. The nucleic acid may 
be DNA, both genomic and cDNA, RNA or a hybrid, Where 
the nucleic acid contains any combination of deoXyribo- and 
ribo-nucleotides, and any combination of bases, including 
uracil, adenine, thymine, cytosine, guanine, inosine, Xatha 
nine hypoXathanine, isocytosine, isoguanine, etc. A pre 
ferred embodiment utiliZes isocytosine and isoguanine in 
nucleic acids designed to be complementary to other probes, 
rather than target sequences, as this reduces non-speci?c 
hybridiZation, as is generally described in US. Pat. No. 
5,681,702. As used herein, the term “nucleoside” includes 
nucleotides as Well as nucleoside and nucleotide analogs, 
and modi?ed nucleosides such as amino modi?ed nucleo 
sides. In addition, “nucleoside” includes non-naturally 
occuring analog structures. Thus for eXample the individual 
units of a peptide nucleic acid, each containing a base, are 
referred to herein as a nucleoside. 

[0048] The compositions and methods of the invention are 
directed to the detection of target sequences. The term 
“target sequence” or “target nucleic acid” or grammatical 
equivalents herein means a nucleic acid sequence on a single 
strand of nucleic acid. The target sequence may be a portion 
of a gene, a regulatory sequence, genomic DNA, cDNA, 
RNA including mRNA and rRNA, or others. As is outlined 
herein, the target sequence may be a target sequence from a 
sample, or a secondary target such as a product of a reaction 
such as a detection sequence from an invasive cleavage 

reaction, a ligated probe from an OLA reaction, an eXtended 
probe from a PCR reaction, etc. Generally, as outlined 
herein, a target sequence from a sample is ampli?ed to 
produce a secondary target that is detected, as outlined 
herein. Alternatively, an ampli?cation step is done using a 
signal probe that is ampli?ed, again producing a secondary 
target that is detected. The target sequence may be any 
length, With the understanding that longer sequences are 
more speci?c. As Will be appreciated by those in the art, the 
complementary target sequence may take many forms. For 
eXample, it may be contained Within a larger nucleic acid 
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sequence, ie all or part of a gene or mRNA, a restriction 
fragment of a plasmid or genomic DNA, among others. As 
is outlined more fully beloW, probes are made to hybridiZe 
to target sequences to determine the presence or absence of 
the target sequence in a sample. Generally speaking, this 
term Will be understood by those skilled in the art. The target 
sequence may also be comprised of different target domains; 
for eXample, in “sandwich” type assays as outlined beloW, a 
?rst target domain of the sample target sequence may 
hybridiZe to a capture probe or a portion of capture eXtender 
probe, a second target domain may hybridiZe to a portion of 
an ampli?er probe, a label probe, or a different capture or 
capture eXtender probe, etc. In addition, the target domains 
may be adjacent (i.e. contiguous) or separated. For eXample, 
When LCR techniques are used, a ?rst primer may hybridiZe 
to a ?rst target domain and a second primer may hybridiZe 
to a second target domain; either the domains are adjacent, 
or they may be separated by one or more nucleotides, 
coupled With the use of a polymerase and dNTPs, as is more 
fully outlined beloW. The terms “?rst” and “second” are not 
meant to confer an orientation of the sequences With respect 
to the 5‘-3‘ orientation of the target sequence. For eXample, 
assuming a 5‘-3‘ orientation of the complementary target 
sequence, the ?rst target domain may be located either 5‘ to 
the second domain, or 3‘ to the second domain. 

[0049] If required, the target sequence is prepared using 
knoWn techniques. For eXample, the sample may be treated 
to lyse the cells, using knoWn lysis buffers, sonication, 
electroporation, etc., With puri?cation occuring as needed, as 
Will be appreciated by those in the art. In addition, the 
reactions outlined herein may be accomplished in a variety 
of Ways, as Will be appreciated by those in the art. Compo 
nents of the reaction may be added simultaneously, or 
sequentially, in any order, With preferred embodiments out 
lined beloW. In addition, the reaction may include a variety 
of other reagents Which may be included in the assays. These 
include reagents like salts, buffers, neutral proteins, e.g. 
albumin, detergents, etc., Which may be used to facilitate 
optimal hybridiZation and detection, and/or reduce non 
speci?c or background interactions. Also reagents that oth 
erWise improve the ef?ciency of the assay, such as protease 
inhibitors, nuclease inhibitors, anti-microbial agents, etc., 
may be used, depending on the sample preparation methods 
and purity of the target. 

[0050] In addition, in most embodiments, double stranded 
target nucleic acids are denatured to render them single 
stranded so as to permit hybridiZation of the primers and 
other probes of the invention. A preferred embodiment 
utiliZes a thermal step, generally by raising the temperature 
of the reaction to about 95° C., although pH changes and 
other techniques may also be used. 

[0051] Aprimer nucleic acid is then contacted to the target 
sequence to form a hybridiZation compleX. By “primer 
nucleic acid” herein is meant a probe nucleic acid that Will 
hybridiZe to some portion, ie a domain, of the target 
sequence. Probes of the present invention are designed to be 
complementary to a target sequence (either the target 
sequence of the sample or to other probe sequences, as is 
described beloW), such that hybridiZation of the target 
sequence and the probes of the present invention occurs. As 
outlined beloW, this complementarity need not be perfect; 
there may be any number of base pair mismatches Which 
Will interfere With hybridiZation betWeen the target sequence 
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and the single stranded nucleic acids of the present inven 
tion. However, if the number of mutations is so great that no 
hybridization can occur under even the least stringent of 
hybridization conditions, the sequence is not a complemen 
tary target sequence. Thus, by “substantially complemen 
tary” herein is meant that the probes are suf?ciently comple 
mentary to the target sequences to hybridiZe under normal 
reaction conditions. 

[0052] A variety of hybridiZation conditions may be used 
in the present invention, including high, moderate and loW 
stringency conditions; see for example Maniatis et al., 
Molecular Cloning: ALaboratory Manual, 2d Edition, 1989, 
and Short Protocols in Molecular Biology, ed. Ausubel, et al, 
hereby incorporated by reference. Stringent conditions are 
sequence-dependent and Will be different in different cir 
cumstances. Longer sequences hybridiZe speci?cally at 
higher temperatures. An extensive guide to the hybridiZation 
of nucleic acids is found in Tijssen, Techniques in Biochem 
istry and Molecular Biology—HybridiZation With Nucleic 
Acid Probes, “OvervieW of principles of hybridiZation and 
the strategy of nucleic acid assays” (1993). Generally, 
stringent conditions are selected to be about 5-10° C. loWer 
than the thermal melting point (Tm) for the speci?c 
sequence at a de?ned ionic strength and pH. The Tm is the 
temperature (under de?ned ionic strength, pH and nucleic 
acid concentration) at Which 50% of the probes complemen 
tary to the target hybridiZe to the target sequence at equi 
librium (as the target sequences are present in excess, at Tm, 
50% of the probes are occupied at equilibrium). Stringent 
conditions Will be those in Which the salt concentration is 
less than about 1.0 M sodium ion, typically about 0.01 to 1.0 
M sodium ion concentration (or other salts) at pH 7.0 to 8.3 
and the temperature is at least about 30° C. for short probes 
(eg 10 to 50 nucleotides) and at least about 60° C. for long 
probes (e.g. greater than 50 nucleotides). Stringent condi 
tions may also be achieved With the addition of helix 
destabiliZing agents such as formamide. The hybridiZation 
conditions may also vary When a non-ionic backbone, i.e. 
PNA is used, as is knoWn in the art. In addition, cross-linking 
agents may be added after target binding to cross-link, i.e. 
covalently attach, the tWo strands of the hybridiZation com 
plex. 
[0053] Thus, the assays are generally run under stringency 
conditions Which alloWs formation of the hybridiZation 
complex only in the presence of target. Stringency can be 
controlled by altering a step parameter that is a thermody 
namic variable, including, but not limited to, temperature, 
formamide concentration, salt concentration, chaotropic salt 
concentration, pH, organic solvent concentration, etc. 
[0054] These parameters may also be used to control 
non-speci?c binding, as is generally outlined in US. Pat. 
No. 5,681,697. Thus it may be desirable to perform certain 
steps at higher stringency conditions to reduce non-speci?c 
binding. 
[0055] The siZe of the primer nucleic acid may vary, as 
Will be appreciated by those in the art, in general varying 
from 5 to 500 nucleotides in length, With primers of betWeen 
10 and 100 being preferred, betWeen 15 and 50 being 
particularly preferred, and from 10 to 35 being especially 
preferred, depending on the use and ampli?cation technique. 

[0056] In addition, the different ampli?cation techniques 
may have further requirements of the primers, as is more 
fully described beloW. 
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[0057] Once the hybridiZation complex betWeen the 
primer and the target sequence has been formed, an enZyme, 
sometimes termed an “ampli?cation enZyme”, is used to 
modify the primer. As for all the methods outlined herein, 
the enZymes may be added at any point during the assay, 
either prior to, during, or after the addition of the primers. 
The identity of the enZyme Will depend on the ampli?cation 
technique used, as is more fully outlined beloW. Similarly, 
the modi?cation Will depend on the ampli?cation technique, 
as outlined beloW. 

[0058] Once the enZyme has modi?ed the primer to form 
a modi?ed primer, the hybridiZation complex is disassoci 
ated. In one aspect, dissociation is by modi?cation of the 
assay conditions. In another aspect, the modi?ed primer no 
longer hybridiZes to the target nucleic acid and dissociates. 
Either one or both of these aspects can be employed in signal 
and target ampli?cation reactions as described beloW. Gen 
erally, the ampli?cation steps are repeated for a period of 
time to alloW a number of cycles, depending on the number 
of copies of the original target sequence and the sensitivity 
of detection, With cycles ranging from 1 to thousands, With 
from 10 to 100 cycles being preferred and from 20 to 50 
cycles being especially preferred. 

[0059] After a suitable time of ampli?cation, unreacted 
primers are removed, in a variety of Ways, as Will be 
appreciated by those in the art and described beloW, and the 
hybridiZation complex is disassociated. In general, the modi 
?ed primer comprises a detectable label, such as a ?uores 
cent label, Which is either incorporated by the enZyme or 
present on the original primer, and the modi?ed primer is 
added to a microsphere array such is generally described in 
US. Ser. Nos. 09/189,543; 08/944,850; 09/033,462; 09/287, 
573; 09/151,877; 09/187,289 and 09/256,943; and PCT 
applications US98/09163 and US99/14387; US98/21193; 
US99/04473 and US98/05025, all of Which are hereby 
incorporated by reference. The microsphere array comprises 
subpopulations of microspheres that comprise capture 
probes that Will hybridiZe to the modi?ed primers. Detection 
proceeds via detection of the label as an indication of the 
presence, absence or amount of the target sequence, as is 
more fully outlined beloW. 

[0060] Target Ampli?cation 

[0061] In a preferred embodiment, the ampli?cation is 
target ampli?cation. Target ampli?cation involves the ampli 
?cation (replication) of the target sequence to be detected, 
such that the number of copies of the target sequence is 
increased. Suitable target ampli?cation techniques include, 
but are not limited to, the polymerase chain reaction (PCR), 
strand displacement ampli?cation (SDA), transcription 
mediated ampli?cation (TMA) and nucleic acid sequence 
based ampli?cation (NASBA). 

[0062] Polymerase Chain Reaction Ampli?cation 

[0063] In a preferred embodiment, the target ampli?cation 
technique is PCR. The polymerase chain reaction (PCR) is 
Widely used and described, and involves the use of primer 
extension combined With thermal cycling to amplify a target 
sequence; see US. Pat. Nos. 4,683,195 and 4,683,202, and 
PCR Essential Data, J. W. Wiley & sons, Ed. C. R. NeWton, 
1995, all of Which are incorporated by reference. In addition, 
there are a number of variations of PCR Which also ?nd use 
in the invention, including “quantitative competitive PCR” 
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or “QC-PCR”, “arbitrarily primed PCR” or “AP-PCR”, 
“immuno-PCR”, “Alu-PCR”, “PCR single strand conforma 
tional polymorphism” or “PCR-SSCP”, “reverse tran 
scriptase PCR” or “RT-PCR”, “biotin capture PCR”, “vec 
torette PCR”, “panhandle PCR”, and “PCR select cDNA 

1, “ subtraction , allele-speci?c PCR”, among others. 

[0064] In general, PCR may be brie?y described as fol 
loWs. A double stranded target nucleic acid is denatured, 
generally by raising the temperature, and then cooled in the 
presence of an excess of a PCR primer, Which then hybrid 
iZes to the ?rst target strand. ADNA polymerase then acts to 
extend the primer With dNTPs, resulting in the synthesis of 
a neW strand forming a hybridiZation complex. The sample 
is then heated again, to disassociate the hybridiZation com 
plex, and the process is repeated. By using a second PCR 
primer for the complementary target strand, rapid and expo 
nential ampli?cation occurs. Thus PCR steps are denatur 
ation, annealing and extension. The particulars of PCR are 
Well knoWn, and include the use of a thermostable poly 
merase such as Taq I polymerase and thermal cycling. 

[0065] Accordingly, the PCR reaction requires at least one 
PCR primer, a polymerase, and a set of dNTPs. As outlined 
herein, the primers may comprise the label, or one or more 
of the dNTPs may comprise a label. 

[0066] In general, as is more fully outlined beloW, the 
capture probes on the beads of the array are designed to be 
substantially complementary to the extended part of the 
primer; that is, unextended primers Will not bind to the 
capture probes. Alternatively, as further described beloW, 
unreacted probes may be removed prior to addition to the 
array. 

[0067] Strand Displacement Ampli?cation (SDA) 

[0068] In a preferred embodiment, the target ampli?cation 
technique is SDA. Strand displacement ampli?cation (SDA) 
is generally described in Walker et al., in Molecular Methods 
for Virus Detection, Academic Press, Inc., 1995, and US. 
Pat. Nos. 5,455,166 and 5,130,238, all of Which are hereby 
expressly incorporated by reference in their entirety. 

[0069] In general, SDA may be described as folloWs. A 
single stranded target nucleic acid, usually a DNA target 
sequence, is contacted With an SDA primer. An “SDA 
primer” generally has a length of 25-100 nucleotides, With 
SDA primers of approximately 35 nucleotides being pre 
ferred. An SDA primer is substantially complementary to a 
region at the 3‘ end of the target sequence, and the primer has 
a sequence at its 5‘ end (outside of the region that is 
complementary to the target) that is a recognition sequence 
for a restriction endonuclease, sometimes referred to herein 
as a “nicking enZyme” or a “nicking endonuclease”, as 
outlined beloW. The SDAprimer then hybridiZes to the target 
sequence. The SDA reaction mixture also contains a poly 
merase (an “SDA polymerase”, as outlined beloW) and a 
mixture of all four deoxynucleoside-triphosphates (also 
called deoxynucleotides or dNTPs, i.e. dATP, dTTP, dCTP 
and dGTP), at least one species of Which is a substituted or 
modi?ed dNTP; thus, the SDA primer is modi?ed, i.e. 
extended, to form a modi?ed primer, sometimes referred to 
herein as a “neWly synthesiZed strand”. The substituted 
dNTP is modi?ed such that it Will inhibit cleavage in the 
strand containing the substituted dNTP but Will not inhibit 
cleavage on the other strand. Examples of suitable substi 
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tuted dNTPs include, but are not limited, 2‘deoxyadenosine 
5‘-O-(1-thiotriphosphate), 5-methyideoxycytidine 5‘-triph 
osphate, 2‘-deoxyuridine 5‘-triphosphate, adn 7-deaZa-2‘ 
deoxyguanosine 5 ‘-triphosphate. In addition, the substitution 
of the dNTP may occur after incorporation into a neWly 
synthesiZed strand; for example, a methylase may be used to 
add methyl groups to the synthesiZed strand. In addition, if 
all the nucleotides are substituted, the polymerase may have 
5‘—>3‘ exonuclease activity. HoWever, if less than all the 
nucleotides are substituted, the polymerase preferably lacks 
5‘—>3‘ exonuclease activity. 

[0070] As Will be appreciated by those in the art, the 
recognition site/endonuclease pair can be any of a Wide 
variety of knoWn combinations. The endonuclease is chosen 
to cleave a strand either at the recognition site, or either 3‘ 
or 5‘ to it, Without cleaving the complementary sequence, 
either because the enZyme only cleaves one strand or 
because of the incorporation of the substituted nucleotides. 
Suitable recognition site/endonuclease pairs are Well knoWn 
in the art; suitable endonucleases include, but are not limited 
to, HincII, HindII, AvaI, Fnu4HI, TthIIII, NcII, BstXI, 
BamHI, etc. A chart depicting suitable enZymes, and their 
corresponding recognition sites and the modi?ed dNTP to 
use is found in US. Pat. No. 5,455,166, hereby expressly 
incorporated by reference. 
[0071] Once nicked, a polymerase (an “SDApolymerase”) 
is used to extend the neWly nicked strand, 5‘—>3‘, thereby 
creating another neWly synthesiZed strand. The polymerase 
chosen should be able to intiate 5‘Q3‘ polymeriZation at a 
nick site, should also displace the polymerized strand doWn 
stream from the nick, and should lack 5‘—>3‘ exonuclease 
activity (this may be additionally accomplished by the 
addition of a blocking agent). Thus, suitable polymerases in 
SDA include, but are not limited to, the KlenoW fragment of 
DNA polymerase I, SEQUENASE 1.0 and SEQUENASE 
2.0 (US. Biochemical), T5 DNA polymerase and Phi29 
DNA polymerase. 
[0072] Accordingly, the SDA reaction requires, in no 
particular order, an SDA primer, an SDA polymerase, a 
nicking endonuclease, and dNTPs, at least one species of 
Which is modi?ed. Again, as outlined above for PCR, 
preferred embodiments utiliZe capture probes complemen 
tary to the neWly synthesiZed portion of the primer, rather 
than the primer region, to alloW unextended primers to be 
removed. 

[0073] In general, SDA does not require thermocycling. 
The temperature of the reaction is generally set to be high 
enough to prevent non-speci?c hybridiZation but loW 
enough to alloW speci?c hybridiZation; this is generally from 
about 37° C. to about 42° C., depending on the enZymes. 

[0074] In a preferred embodiment, as for most of the 
ampli?cation techniques described herein, a second ampli 
?cation reaction can be done using the complementary target 
sequence, resulting in a substantial increase in ampli?cation 
during a set period of time. That is, a second primer nucleic 
acid is hybridiZed to a second target sequence, that is 
substantially complementary to the ?rst target sequence, to 
form a second hybridiZation complex. The addition of the 
enZyme, folloWed by disassociation of the second hybrid 
iZation complex, results in the generation of a number of 
neWly synthesiZed second strands. 
[0075] Nucleic Acid Sequence Based Ampli?cation 
(NASBA) and Transcription Mediated Ampli?cation (TMA) 
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[0076] In a preferred embodiment, the target ampli?cation 
technique is nucleic acid sequence based ampli?cation 
(NASBA). NASBA is generally described in US. Pat. No. 
5,409,818; Sooknanan et al., Nucleic Acid Sequence-Based 
Ampli?cation, Ch. 12 (pp. 261-285) of Molecular Methods 
for Virus Detection, Academic Press, 1995; and “Pro?ting 
from Gene-based Diagnostics”, CTB International Publish 
ing Inc., N.J., 1996, all of Which are incorporated by 
reference. NASBA is very similar to both TMA and QBR. 
Transcription mediated ampli?cation (TMA) is generally 
described in US. Pat. Nos. 5,399,491, 5,888,779, 5,705,365, 
5,710,029, all of Which are incorporated by reference. The 
main difference betWeen NASBA and TMA is that NASBA 
utiliZes the addition of RNAse H to effect RNA degradation, 
and TMA relies on inherent RNAse H activity of the reverse 
transcriptase. 
[0077] In general, these techniques may be described as 
folloWs. A single stranded target nucleic acid, usually an 
RNA target sequence (sometimes referred to herein as “the 
?rst target sequence” or “the ?rst template”), is contacted 
With a ?rst primer, generally referred to herein as a “NASBA 
primer” (although “TMA primer” is also suitable). Starting 
With a DNA target sequence is described beloW. These 
primers generally have a length of 25-100 nucleotides, With 
NASBA primers of approximately 50-75 nucleotides being 
preferred. The ?rst primer is preferably a DNA primer that 
has at its 3‘ end a sequence that is substantially complemen 
tary to the 3‘ end of the ?rst template. The ?rst primer also 
has an RNA polymerase promoter at its 5‘ end (or its 
complement (antisense), depending on the con?guration of 
the system). The ?rst primer is then hybridiZed to the ?rst 
template to form a ?rst hybridiZation complex. The reaction 
mixture also includes a reverse transcriptase enZyme (an 
“NASBA reverse transcriptase”) and a mixture of the four 
dNTPs, such that the ?rst NASBA primer is modi?ed, i.e. 
extended, to form a modi?ed ?rst primer, comprising a 
hybridiZation complex of RNA (the ?rst template) and DNA 
(the neWly synthesiZed strand). 
[0078] By “reverse transcriptase” or “RNA-directed DNA 
polymerase” herein is meant an enZyme capable of synthe 
siZing DNA from a DNA primer and an RNA template. 
Suitable RNA-directed DNA polymerases include, but are 
not limited to, avian myloblastosis virus reverse tran 
scriptase (“AMV R ”) and the Moloney murine leukemia 
virus RT. When the ampli?cation reaction is TMA, the 
reverse transcriptase enZyme further comprises a RNA 
degrading activity as outlined beloW. 

[0079] In addition to the components listed above, the 
NASBA reaction also includes an RNA degrading enZyme, 
also sometimes referred to herein as a ribonuclease, that Will 
hydrolyZe RNA of an RNA:DNA hybrid Without hydrolyZ 
ing single- or double-stranded RNA or DNA. Suitable 
ribonucleases include, but are not limited to, RNase H from 
E. coli and calf thymus. 

[0080] The ribonuclease activity degrades the ?rst RNA 
template in the hybridiZation complex, resulting in a disas 
sociation of the hybridiZation complex leaving a ?rst single 
stranded neWly synthesiZed DNA strand, sometimes referred 
to herein as “the second template”. 

[0081] In addition, the NASBA reaction also includes a 
second NASBA primer, generally comprising DNA 
(although as for all the probes herein, including primers, 
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nucleic acid analogs may also be used). This second NASBA 
primer has a sequence at its 3‘ end that is substantially 
complementary to the 3‘ end of the second template, and also 
contains an antisense sequence for a functional promoter and 
the antisense sequence of a transcription initiation site. Thus, 
this primer sequence, When used as a template for synthesis 
of the third DNA template, contains sufficient information to 
alloW speci?c and ef?cient binding of an RNA polymerase 
and initiation of transcription at the desired site. Preferred 
embodiments utiliZes the antisense promoter and transcrip 
tion initiation site are that of the T7 RNA polymerase, 
although other RNA polymerase promoters and initiation 
sites can be used as Well, as outlined beloW. 

[0082] The second primer hybridiZes to the second tem 
plate, and a DNA polymerase, also termed a “DNA-directed 
DNA polymerase”, also present in the reaction, synthesiZes 
a third template (a second neWly synthesiZed DNA strand), 
resulting in second hybridiZation complex comprising tWo 
neWly synthesiZed DNA strands. 

[0083] Finally, the inclusion of an RNA polymerase and 
the required four ribonucleoside triphosphates (ribonucle 
otides or NTPs) results in the synthesis of an RNA strand (a 
third neWly synthesiZed strand that is essentially the same as 
the ?rst template). The RNA polymerase, sometimes 
referred to herein as a “DNA-directed RNA polymerase”, 
recogniZes the promoter and speci?cally initiates RNA syn 
thesis at the initiation site. In addition, the RNA polymerase 
preferably synthesiZes several copies of RNA per DNA 
duplex. Preferred RNA polymerases include, but are not 
limited to, T7 RNA polymerase, and other bacteriophage 
RNA polymerases including those of phage T3, phage <|>II, 
Salmonella phage sp6, or Pseudomonase phage gh-1. 

[0084] In some embodiments, TMA and NASBA are used 
With starting DNA target sequences. In this embodiment, it 
is necessary to utiliZe the ?rst primer comprising the RNA 
polymerase promoter and a DNA polymerase enZyme to 
generate a double stranded DNA hybrid With the neWly 
synthesiZed strand comprising the promoter sequence. The 
hybrid is then denatured and the second primer added. 

[0085] Accordingly, the NASBA reaction requires, in no 
particular order, a ?rst NASBA primer, a second NASBA 
primer comprising an antisense sequence of an RNA poly 
merase promoter, an RNA polymerase that recogniZes the 
promoter, a reverse transcriptase, a DNA polymerase, an 
RNA degrading enZyme, NTPs and dNTPs, in addition to 
the detection components outlined beloW. 

[0086] These components result in a single starting RNA 
template generating a single DNA duplex; hoWever, since 
this DNA duplex results in the creation of multiple RNA 
strands, Which can then be used to initiate the reaction again, 
ampli?cation proceeds rapidly. 

[0087] Accordingly, the TMA reaction requires, in no 
particular order, a ?rst TMA primer, a second TMA primer 
comprising an antisense sequence of an RNA polymerase 
promoter, an RNA polymerase that recogniZes the promoter, 
a reverse transcriptase With RNA degrading activity, a DNA 
polymerase, NTPs and dNTPs, in addition to the detection 
components outlined beloW. 

[0088] These components result in a single starting RNA 
template generating a single DNA duplex; hoWever, since 
this DNA duplex results in the creation of multiple RNA 
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strands, Which can then be used to initiate the reaction again, 
ampli?cation proceeds rapidly. 

[0089] As outlined herein, the detection of the neWly 
synthesiZed strands can proceed in several Ways. Direct 
detection can be done When the neWly synthesiZed strands 
comprise detectable labels, either by incorporation into the 
primers or by incorporation of modi?ed labelled nucleotides 
into the growing strand. Alternatively, as is more fully 
outlined beloW, indirect detection of unlabelled strands 
(Which noW serve as “targets” in the detection mode) can 
occur using a variety of sandWich assay con?gurations. As 
Will be appreciated by those in the art, any of the neWly 
synthesiZed strands can serve as the “target” for form an 
assay complex on a surface With a capture probe. In NASBA 
and TMA, it is preferable to utiliZe the neWly formed RNA 
strands as the target, as this is Where signi?cant ampli?ca 
tion occurs. 

[0090] In this Way, a number of secondary target mol 
ecules are made. As is more fully outlined beloW, these 
reactions (that is, the products of these reactions) can be 
detected in a number of Ways. 

[0091] Signal Ampli?cation Techniques 
[0092] In a preferred embodiment, the ampli?cation tech 
nique is signal ampli?cation. Signal ampli?cation involves 
the use of limited number of target molecules as templates 
to either generate multiple signalling probes or alloW the use 
of multiple signalling probes. Signal ampli?cation strategies 
include LCR, CPT, QBR, invasive cleavage technology, and 
the use of ampli?cation probes in sandWich assays. 

[0093] Single Base Extension (SBE) 

[0094] In a preferred embodiment, single base extension 
(SBE; sometimes referred to as “minisequencing”) is used 
for ampli?cation. It should also be noted that SBE ?nds use 
in genotyping, as is described in co-pending application 
entitled “SEQUENCE DETERMINATION OF NUCLEIC 
ACIDS USING ARRAYS WITH MICROSPHERES” ?led 
on Oct. 22, 1999 as US. Ser. No. 09/425,633. Brie?y, SBE 
is a technique that utiliZes an extension primer that hybrid 
iZes to the target nucleic acid. A polymerase (generally a 
DNA polymerase) is used to extend the 3‘ end of the primer 
With a nucleotide analog labeled a detection label as 
described herein. Based on the ?delity of the enZyme, a 
nucleotide is only incorporated into the extension primer if 
it is complementary to the adjacent base in the target strand. 
Generally, the nucleotide is derivatiZed such that no further 
extensions can occur, so only a single nucleotide is added. 
HoWever, for ampli?cation reactions, this may not be nec 
essary. Once the labeled nucleotide is added, detection of the 
label proceeds as outlined herein. See generally Sylvanen et 
al., Genomics 8:684-692 (1990); US. Pat. Nos. 5,846,710 
and 5,888,819; Pastinen et al., Genomics Res. 7(6):606-614 
(1997); all of Which are expressly incorporated herein by 
reference. 

[0095] The reaction is initiated by introducing the assay 
complex comprising the target sequence (i.e. the array) to a 
solution comprising a ?rst nucleotide, frequently an nucle 
otide analog. By “nucleoide analog” in this context herein is 
meant a deoxynucleoside-triphosphate (also called deoxy 
nucleotides or dNTPs, i.e. dATP, dTTP, dCTP and dGTP), 
that is further derivatiZed to be chain terminating. As Will be 
appreciated by those in the art, any number of nucleotide 
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analogs may be used, as long as a polymerase enZyme Will 
still incorporate the nucleotide at the interrogation position. 
Preferred embodiments utiliZe dideoxy-triphosphate nucle 
otides (ddNTPs). Generally, a set of nucleotides comprising 
ddATP, ddCTP, ddGTP and ddTTP is used, at least one of 
Which includes a label, and preferably all four. For ampli 
?cation rather than genotyping reactions, the labels may all 
be the same; alternatively, different labels may be used. 

[0096] In a preferred embodiment, the nucleotide analogs 
comprise a detectable label, Which can be either a primary 
or secondary detectable label. Preferred primary labels are 
those outlined above. HoWever, the enZymatic incorporation 
of nucleotides comprising ?uorophores is poor under many 
conditions; accordingly, preferred embodiments utiliZe sec 
ondary detectable labels. In addition, as outlined beloW, the 
use of secondary labels may also facilitate the removal of 
unextended probes. 

[0097] In addition to a ?rst nucleotide, the solution also 
comprises an extension enZyme, generally a DNA poly 
merase. Suitable DNA polymerases include, but are not 
limited to, the KlenoW fragment of DNA polymerase I, 
SEQUENASE 1.0 and SEQUENASE 2.0 (US. Biochemi 
cal), T5 DNA polymerase and Phi29 DNA polymerase. If the 
NTP is complementary to the base of the detection position 
of the target sequence, Which is adjacent to the extension 
primer, the extension enZyme Will add it to the extension 
primer. Thus, the extension primer is modi?ed, i.e. extended, 
to form a modi?ed primer, sometimes referred to herein as 
a “newly synthesized strand”. 

[0098] A limitation of this method is that unless the target 
nucleic acid is in suf?cient concentration, the amount of 
unextended primer in the reaction greatly exceeds the result 
ant extended-labeled primer. The excess of unextended 
primer competes With the detection of the labeled primer in 
the assays described herein. Accordingly, When SBE is used, 
preferred embodiments utiliZe methods for the removal of 
unextended primers as outlined herein. 

[0099] One method to overcome this limitation is ther 
mocycling minisequencing in Which repeated cycles of 
annealing, primer extension, and heat denaturation using a 
thermocycler and thermo-stable polymerase alloWs the 
ampli?cation of the extension probe Which results in the 
accumulation of extended primers. For example, if the 
original unextended primer to target nucleic acid concentra 
tion is 100:1 and 100 thermocycles and extensions are 
performed, a majority of the primer Will be extended. 

[0100] As Will be appreciated by those in the art, the 
con?guration of the SBE system can take on several forms. 
As for the LCR reaction described beloW, the reaction may 
be done in solution, and then the neWly synthesiZed strands, 
With the base-speci?c detectable labels, can be detected. For 
example, they can be directly hybridiZed to capture probes 
that are complementary to the extension primers, and the 
presence of the label is then detected. 

[0101] Alternatively, the SBE reaction can occur on a 
surface. For example, a target nucleic acid may be captured 
using a ?rst capture probe that hybridiZes to a ?rst target 
domain of the target, and the reaction can proceed at a 
second target domain. The extended labeled primers are then 
bound to a second capture probe and detected. 



US 2002/0177141 A1 

[0102] Thus, the SBE reaction requires, in no particular 
order, an extension primer, a polymerase and dNTPs, at least 
one of Which is labeled. 

[0103] Oligonucleotide Ligation Ampli?cation (OLA) 
[0104] In a preferred embodiment, the signal ampli?cation 
technique is OLA. OLA, Which is referred to as the ligation 
chain reaction (LCR) When tWo-stranded substrates are 
used, involves the ligation of tWo smaller probes into a 
single long probe, using the target sequence as the template. 
In LCR, the ligated probe product becomes the predominant 
template as the reaction progresses. The method can be run 
in tWo different Ways; in a ?rst embodiment, only one strand 
of a target sequence is used as a template for ligation; 
alternatively, both strands may be used. See generally US. 
Pat. Nos. 5,185,243, 5,679,524 and 5,573,907; EP 0 320 308 
B1; EP 0 336 731 B1; EP 0 439 182 B1; WO 90/01069; WO 
89/12696; WO 97/31256; and WO 89/09835, and Us. Ser. 
Nos. 60/078,102 and 60/073,011, all of Which are incorpo 
rated by reference. 

[0105] In a preferred embodiment, the single-stranded 
target sequence comprises a ?rst target domain and a second 
target domain, Which are adjacent and contiguous. A ?rst 
OLA primer and a second OLA primer nucleic acids are 
added, that are substantially complementary to their respec 
tive target domain and thus Will hybridiZe to the target 
domains. These target domains may be directly adjacent, i.e. 
contiguous, or separated by a number of nucleotides. If they 
are non-contiguous, nucleotides are added along With means 
to join nucleotides, such as a polymerase, that Will add the 
nucleotides to one of the primers. The tWo OLA primers are 
then covalently attached, for example using a ligase enZyme 
such as is knoWn in the art, to form a modi?ed primer. This 
forms a ?rst hybridiZation complex comprising the ligated 
probe and the target sequence. This hybridiZation complex is 
then denatured (disassociated), and the process is repeated to 
generate a pool of ligated probes. 

[0106] In a preferred embodiment, OLA is done for tWo 
strands of a double-stranded target sequence. The target 
sequence is denatured, and tWo sets of probes are added: one 
set as outlined above for one strand of the target, and a 
separate set (i.e. third and fourth primer probe nucleic acids) 
for the other strand of the target. In a preferred embodiment, 
the ?rst and third probes Will hybridiZe, and the second and 
fourth probes Will hybridiZe, such that ampli?cation can 
occur. That is, When the ?rst and second probes have been 
attached, the ligated probe can noW be used as a template, in 
addition to the second target sequence, for the attachment of 
the third and fourth probes. Similarly, the ligated third and 
fourth probes Will serve as a template for the attachment of 
the ?rst and second probes, in addition to the ?rst target 
strand. In this Way, an exponential, rather than just a linear, 
ampli?cation can occur. 

[0107] As Will be appreciated by those in the art, the 
ligation product can be detected in a variety of Ways. In a 
preferred embodiment, the ligation reaction is run in solu 
tion. In this embodiment, only one of the primers carries a 
detectable label, eg the ?rst ligation probe, and the capture 
probe on the bead is substantially complementary to the 
other probe, eg the second ligation probe. In this Way, 
unextended labeled ligation primers Will not interfere With 
the assay. That is, in a preferred embodiment, the ligation 
product is detected by solid-phase oligonucleotide probes. 
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The solid-phase probes are preferably complementary to at 
least a portion of the ligation product. In a preferred embodi 
ment, the solid-phase probe is complementary to the 5‘ 
detection oligonucleotide portion of the ligation product. 
This substantially reduces or eliminates false signal gener 
ated by the optically-labeled 3‘ primers. Preferably, detection 
is accomplished by removing the unligated 5‘ detection 
oligonucleotide from the reaction before application to a 
capture probe. In one embodiment, the unligated 5‘ detection 
oligonucleotides are removed by digesting 3‘ non-protected 
oligonucleotides With a 3‘ exonuclease, such as, exonuclease 
I. The ligation products are protected from exo I digestion by 
including, for example, 4-phosphorothioate residues at their 
3‘ terminus, thereby, rendering them resistant to exonuclease 
digestion. The unligated detection oligonucleotides are not 
protected and are digested. 

[0108] Alternatively, the target nucleic acid is immobi 
liZed on a solid-phase surface. The ligation assay is per 
formed and unligated oligonucleotides are removed by 
Washing under appropriate stringency to remove unligated 
oligonucleotides. The ligated oligonucleotides are eluted 
from the target nucleic acid using denaturing conditions, 
such as, 0.1 N NaOH, and detected as described herein. 

[0109] Again, as outlined above, the detection of the LCR 
reaction can also occur directly, in the case Where one or 

both of the primers comprises at least one detectable label, 
or indirectly, using sandWich assays, through the use of 
additional probes; that is, the ligated probes can serve as 
target sequences, and detection may utiliZe ampli?cation 
probes, capture probes, capture extender probes, label 
probes, and label extender probes, etc. 

[0110] Rolling-Circle Ampli?cation (RCA) 
[0111] In a preferred embodiment the signal ampli?cation 
technique is RCA. Rolling-circle ampli?cation is generally 
described in Baner et al. (1998) Nuc. Acids Res. 26:5073 
5078; Barany, F. (1991) Proc. Natl. Acad. Sci. USA 88:189 
193; and LiZardi et al. (1998) Nat. Genet. 19:225-232, all of 
Which are incorporated by reference in their entirety. 

[0112] In general, RCA may be described in tWo Ways. 
First, as is outlined in more detail beloW, a single probe is 
hybridiZed With a target nucleic acid. Each terminus of the 
probe hybridiZes adjacently on the target nucleic acid and 
the OLA assay as described above occurs. When ligated, the 
probe is circulariZed While hybridiZed to the target nucleic 
acid. Addition of a polymerase results in extension of the 
circular probe. HoWever, since the probe has no terminus, 
the polymerase continues to extend the probe repeatedly. 
Thus results in ampli?cation of the circular probe. 

[0113] A second alternative approach involves OLA fol 
loWed by RCA. In this embodiment, an immobiliZed primer 
is contacted With a target nucleic acid. Complementary 
sequences Will hybridiZe With each other resulting in an 
immobiliZed duplex. A second primer is contacted With the 
target nucleic acid. The second primer hybridiZes to the 
target nucleic acid adjacent to the ?rst primer. An OLA assay 
is performed as described above. Ligation only occurs if the 
primer are complementary to the target nucleic acid. When 
a mismatch occurs, particularly at one of the nucleotides to 
be ligated, ligation Will not occur. FolloWing ligation of the 
oligonucleotides, the ligated, immobiliZed, oligonucleotide 
is then hybridiZed With an RCA probe. This is a circular 


















































