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ABSTRACT 

The present invention is directed to providing sensitive and 
accurate assays for genotyping With a minimum or absence 
of target-speci?c ampli?cation. 
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’ A Flow Chart for Array-based Detection of RNA Alternative Splicing 
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Genome-wide Gene Expression Profiling Using Oligo-ligation Strategy 
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Genome-wide RNA Alternative Splicing Monitoring Using Oligo-Ligation Strategy 
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Direct Genotyping Using a Whole-genome Oligo-ligation Strategy 
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NUCLEIC ACID DETECTION METHODS USING 
UNIVERSAL PRIMING 

[0001] This application is a continuation of US. Ser. No. 
09/779,376, ?led Feb. 7, 2001, Which is based on and claims 
the bene?t of Provisional Applications Serial Nos. 60/234, 
732, ?led Feb. Sep. 22, 2000, and 60/180,810, ?led Feb. 7, 
2000, all of Which are incorporated herein by reference in 
their entirety. 

BACKGROUND OF THE INVENTION 

[0002] The present invention is directed to providing 
sensitive and accurate assays for single nucleotide polymor 
phisms (SNPs) With a minimum or absence of target-speci?c 
ampli?cation. 
[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 and mutant genes and 
identifying mutant genes such as oncogenes, in typing tissue 
for compatibility preceding tissue transplantation, in match 
ing 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 (for a revieW, 
see Abramson et al., Current Opinion in Biotechnology, 
4:41-47 (1993)). 

[0005] Speci?city, in contrast, remains a problem in many 
currently available gene probe assays. The extent of molecu 
lar complementarity betWeen probe and target de?nes the 
speci?city of the interaction. Variations in the concentrations 
of probes, of targets and of salts in the hybridiZation 
medium, in the reaction temperature, and in the length of the 
probe may alter or in?uence the speci?city of the probe/ 
target interaction. 

[0006] It may be possible under some circumstances to 
distinguish targets With perfect complementarity from tar 
gets With mismatches, although this is generally very dif? 
cult using traditional technology, since small variations in 
the reaction conditions Will alter the hybridiZation. NeW 
experimental techniques for mismatch detection With stan 
dard probes include DNA ligation assays Where single point 
mismatches prevent ligation and probe digestion assays in 
Which mismatches create sites for probe cleavage. 

[0007] Recent focus has been on the analysis of the 
relationship betWeen genetic variation and phenotype by 
making use of polymorphic DNA markers. Previous Work 
utiliZed short tandem repeats (STRs) as polymorphic posi 
tional markers; hoWever, recent focus is on the use of single 
nucleotide polymorphisms (SNPs), Which occur at an aver 
age frequency of more than 1 per kilobase in human 
genomic DNA. Some SNPs, particularly those in and around 
coding sequences, are likely to be the direct cause of 
therapeutically relevant phenotypic variants and/or disease 
predisposition. There are a number of Well knoWn polymor 
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phisms that cause clinically important phenotypes; for 
example, the apoE2/3/4 variants are associated With differ 
ent relative risk of AlZheimer’s and other diseases (see 
Cordor et al., Science 261(1993). Multiplex PCR ampli? 
cation of SNP loci With subsequent hybridiZation to oligo 
nucleotide arrays has been shoWn to be an accurate and 
reliable method of simultaneously genotyping at least hun 
dreds of SNPs; see Wang et al., Science, 280:1077 (1998); 
see also Schafer et al., Nature Biotechnology 16:33-39 
(1998). The compositions of the present invention may 
easily be substituted for the arrays of the prior art. 

[0008] Accordingly, it is an object of the invention to 
provide a very sensitive and accurate approach for genotyp 
ing With a minimum or absence of target-speci?c ampli? 
cation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIGS. 1-6 depict preferred embodiments of the 
invention. 

[0010] FIG. 7 depicts a preferred embodiment of the 
invention utiliZing a poly(A)-poly(T) capture to remove 
unhybridiZed probes and targets. Target sequence 5 com 
prising a poly(A) sequence 6 is hybridiZed to target probe 
115 comprising a target speci?c sequence 70, an adapter 
seqeuence 20, an unstream universal priming site 25, and a 
doWnstream universal priming site 26. The resulting hybrid 
iZation complex is contacted With a bead 51 comprising a 
linker 55 and a poly(T) capture probe 61. 

[0011] FIG. 8 depicts a preferred embodiment of remov 
ing non-hybridiZed target probes, utiliZing an OLA format. 
Target 5 is, hybridiZed to a ?rst ligation probe 100 compris 
ing a ?rst target speci?c sequence 15, detection position 10, 
an adapter seqeuence 20, an unstream universal priming site 
25, and an optional label 30, and a second ligation probe 110 
comprising a second target speci?c sequence 16, a doWn 
stream universal priming site 26, and a nuclease inhibitor 35. 
After ligation, denaturation of the hybridiZation complex 
and addition of an exonuclease, the ligated target probe 115 
and the second ligation probe 110 is all that is left. The 
addition of this to an array (in this embodiment, a bead array 
comprising substrate 40, bead 50 With linker 55 and capture 
probe 60 that is substantially complementary to the adapter 
sequence 20), folloWed by Washing aWay of the second 
ligation probe 110 results in a detectable complex. 

[0012] FIG. 9 depicts a preferred rolling circle embodi 
ment utiliZing tWo ligation probes. Target 5 is hybridiZed to 
a ?rst ligation probe 100 comprising a ?rst target speci?c 
sequence 15, detection position 10, an adapter seqeuence 20, 
an unstream universal priming site 25, an adapter sequence 
20 and a RCA primer sequence 120, and a second ligation 
probe 110 comprising a second target speci?c sequence 16 
and a doWnstream universal priming site 26. FolloWing 
ligation, an RCA sequence 130 is added, comprising a ?rst 
universal primer 27 and a second universal primer 28. The 
priming sites hybridiZe to the primers and ligation occurs, 
forming a circular probe. The RCA sequence 130 serves as 
the RCA primer for subsequent ampli?cation. An optional 
restriction endonuclease site is not shoWn. 

[0013] FIG. 10 depicts preferred a rolling circle embodi 
ment utiliZing a single target probe. Target 5 is hybridiZed to 
a target probe 115 comprising a ?rst target speci?c sequence 
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15, detection position 10, an adapter sequence 20, an 
upstream universal priming site 25, a RCA priming site 140, 
optional label sequence 150 and a second target speci?c 
sequence 16. Following ligation, denaturation, and the addi 
tion of the RCA primer and extension by a polymerase, 
amplicons are generated. An optional restriction endonu 
clease site is not shoWn. 

SUMMARY OF THE INVENTION 

[0014] In accordance With the embodiments outlined 
above, the present invention provides a method of deter 
mining the identi?cation of a nucleotide at a detection 
position in a target sequence comprising providing a ?rst 
probe comprising an upstream universal priming site (UUP); 
an adapter sequence; a ?rst target-speci?c sequence com 
prising a ?rst base at a readout position; and a doWnstream 
universal priming site (DUP); contacting said ?rst probe 
With said target sequence under conditions Whereby only if 
said ?rst base is perfectly complementary to a nucleotide at 
said detection position is a ?rst hybridiZation complex 
formed; removing non-hybridiZed ?rst probes; denaturing 
said hybridiZation complex; amplifying said ?rst probe to 
generate a plurality of amplicons; contacting said amplicons 
With an array of capture probes; and determining the nucle 
otide at said detection position 

[0015] In addition, the invention provides a method of 
determining the identi?cation of a nucleotide at a detection 
position in a target sequence comprising: providing a plu 
rality of readout probes each comprising an upstream uni 
versal priming site (UUP); an adapter sequence; a target 
speci?c sequence comprising a unique base at a readout 
position; and a doWnstream universal priming site (DUP); 
contacting said detection probes With said target sequence 
under conditions Whereby only if said base at said readout 
position is perfectly complementary to a nucleotide at said 
detection position is a ?rst hybridiZation complex formed; 
removing non-hybridiZed ?rst probes; denaturing said ?rst 
hybridiZation complex; amplifying said detection probes to 
generate a plurality of amplicons; contacting said amplicons 
With an array of capture probes; and determining the nucle 
otide at said detection position. 

[0016] In addition, the invention provides a method of 
determining the identi?cation of a nucleotide at a detection 
position in a target sequence comprising a ?rst target domain 
comprising said detection position and a second target 
domain adjacent to said detection position, Wherein said 
method comprises hybridiZing a ?rst ligation probe to said 
?rst target domain, said ?rst ligation probe comprising) an 
upstream universal priming site (UUP); and a ?rst target 
speci?c sequence; and hybridiZing a second ligation probe to 
said second target domain, said second ligation probe com 
prising a doWnstream universal priming site (DUP); and a 
second target-speci?c sequence comprising a ?rst base at an 
interrogation position; Wherein if said ?rst base is perfectly 
complementary to said nucleotide at said detection position 
a ligation complex is formed and Wherein at least one of said 
?rst and second ligation probes comprises an adapter 
sequence; removing non-hybridiZed ?rst probes; providing a 
ligase that ligates said ?rst and second ligation probes to 
form a ligated probe; amplifying said ligated probe to 
generate a plurality of amplicons; contacting said amplicons 
With an array of capture probes; and determining the nucle 
otide at said detection position. 
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[0017] In addition the invention provides a method of 
determining the identi?cation of a nucleotide at a detection 
position in a target sequence comprising a ?rst target domain 
comprising said detection position and a second target 
domain adjacent to said detection position, Wherein said 
method comprises: hybridiZing a ?rst ligation probe to said 
?rst target domain, said ?rst ligation probe comprising: an 
upstream universal priming site (UUP); and a ?rst target 
speci?c sequence; and hybridiZing a second ligation probe to 
said second target domain, said second ligation probe com 
prising: a doWnstream universal priming site (DUP); and a 
second target-speci?c sequence comprising a ?rst base at an 
interrogation position; Wherein if said ?rst base is perfectly 
complementary to said nucleotide at said detection position 
a ligation complex is formed and Wherein at least one of said 
?rst and second ligation probes comprises an adapter 
sequence; removing non-hybridiZed ?rst probes; providing a 
ligase that ligates said ?rst and second ligation probes to 
form a ligated probe; hybridiZing said ligated probe to a 
rolling circle (RC) sequence comprising: an upstream prim 
ing sequence; and a doWnstream priming sequence; provid 
ing a ligase that ligates said upstream and doWnstream 
priming sites to form a circular ligated probe; amplifying 
said circular ligated probe to generate a plurality of ampli 
cons; contacting said amplicons With an array of capture 
probes; and determining the nucleotide at said detection 
position. 
[0018] In addition the invention provides a method of 
determining the identi?cation of a nucleotide at a detection 
position in a target sequence comprising a ?rst target domain 
comprising said detection position and a second target 
domain adjacent to said detection position, Wherein said 
method comprises:) hybridiZing a rolling circle (RC) probe 
to said target sequence, said RC probe comprising an 
upstream universal priming site (UUP); and a ?rst target 
speci?c sequence; a second target-speci?c sequence com 
prising a ?rst base at an interrogation position; and an 
adapter sequence; Wherein if said ?rst base is perfectly 
complementary to said nucleotide at said detection position 
a ligation complex is formed; providing a ligase that ligates 
said ?rst and second ligation probes to form a ligated probe; 
amplifying said ligated probe to generate a plurality of 
amplicons; contacting said amplicons With an array of 
capture probes; and determining the nucleotide at said 
detection position. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0019] The present invention is directed to the detection 
and quanti?cation of a variety of nucleic acid reactions, 
particularly using microsphere arrays. In particular, the 
invention relates to genotyping, done using either genomic 
DNA, cDNA or mRNA, Without prior ampli?cation of the 
speci?c targets. In addition, the invention can be utiliZed 
With adapter sequences to create universal arrays. In some 
embodiments, the invention further relates to the detection 
of genomic sequences and quanti?cation (expression moni 
toring or pro?ling) of cDNA. 

[0020] The invention can be generally described as fol 
loWs. A plurality of probes (sometimes referred to herein as 
“target probes”) are designed to have at least three different 
portions: a ?rst portion that is target-speci?c and tWo “uni 
versal priming” portions, an upstream and a doWnstream 
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universal priming sequence. These target probes are hybrid 
iZed to target sequences from a sample, Without prior 
ampli?cation, to form hybridization complexes. Non-hy 
bridiZed sequences (both target probes and sample nucleic 
acids that do not contain the sequences of interest) are then 
removed. This is generally done in one of tWo Ways: (1) 
either by using methods that can distinguish betWeen single 
stranded and double stranded nucleic acids, for eXample by 
using intercalators on a support that preferentially bind 
double stranded nucleic acids; or (2) through the use of 
target speci?c sequences; for example, When the target 
sequences are mRNA transcripts With poly(A) tails, the use 
of poly(T) sequences on a support can preferentially retain 
all the hybrids. Once the unhybridiZed target probes are 
removed, the hybrids are denatured. All the target probes can 
then be simultaneously ampli?ed using universal primers 
that Will hybridiZe to the upstream and doWnstream univer 
sal priming sequences. The resulting amplicons, Which can 
be directly or indirectly labeled, can then be detected on 
arrays, particularly microsphere arrays. This alloWs the 
detection and quanti?cation of the target sequences, 
although in this embodiment, mRNA may not be preferred. 

[0021] As Will be appreciated by those in the art, the 
system can take on a Wide variety of conformations, depend 
ing on the assay. For eXample, When genotyping information 
is desired at a particular detection position in the target, a 
variation of the above technique that utiliZes the oligonucle 
otide ligation assay (OLA) can be done. OLA relies on the 
fact that tWo adjacently hybridized probes Will be ligated 
together by a ligase only if there is perfect complementarity 
at each of the termini, i.e. at a detection position. In this 
embodiment, there are tWo ligation probes: a ?rst or 
upstream ligation probe that comprises the upstream uni 
versal priming sequence and a second portion that Will 
hybridiZe to a ?rst domain of the target sequence, and a 
second or doWnstream ligation probe that comprises a 
portion that Will hybridiZe to a second domain of the target 
sequence, adjacent to the ?rst domain, and a second portion 
comprising the doWnstream universal priming sequence. If 
perfect complementarity at the junction eXists, the ligation 
occurs and then the resulting hybridiZation complex (com 
prising the target and the ligated probe) can be separated as 
above from unreacted probes. Again, the, universal priming 
sites are used to amplify the ligated probe to form a plurality 
of amplicons that are then detected in a variety of Ways, as 
outlined herein. Alternatively, a variation on this theme 
utiliZes rolling circle ampli?cation (RCA), Which requires a 
single probe Whose ends are ligated, folloWed by ampli? 
cation. 

[0022] In addition, any of the above embodiments can 
utiliZe one or more “adapter sequences” (sometimes referred 
to in the art as “Zip codes”) to alloW the use of “universal 
arrays”. That is, arrays are generated that contain capture 
probes that are not target speci?c, but rather speci?c to 
individual arti?cial adapter sequences. The adapter 
sequences are added to the target probes (in the case of 
ligation probes, either probe may contain the adapter 
sequence), nested betWeen the priming sequences, and thus 
are included in the amplicons. The adapters are then hybrid 
iZed to the capture probes on the array, and detection 
proceeds. 

[0023] The present invention provides several signi?cant 
advantages. The method can be used to detect genomic DNA 
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or other targets from a single cell or a feW cells because of 
signal ampli?cation of annealed probes. It also alloWs the 
direct hybridiZation of the probes to genomic targets, if 
desired. Additionally, the hybridiZation reaction occurs in 
solution rather than on a surface, so that nucleic acids 
hybridiZe more predictably and With favorable kinetics 
according to their thermodynamic properties. Finally, the 
use of universal primers avoids biased signal ampli?cation 
in PCR. 

[0024] Accordingly, the present invention provides com 
positions and methods for detecting and genotyping speci?c 
target nucleic acid sequences in a sample. As Will be 
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). The sample may comprise individual cells, 
including primary cells (including bacteria), and cell lines, 
including, but not limited to, tumor cells of all types (par 
ticularly melanoma, myeloid leukemia, carcinomas of the 
lung, breast, ovaries, colon, kidney, prostate, pancreas and 
testes), cardiomyocytes, endothelial cells, epithelial cells, 
lymphocytes (T-cell and B cell), mast cells, eosinophils, 
vascular intimal cells, hepatocytes, leukocytes including 
mononuclear leukocytes, stem cells such as haemopoetic, 
neural, skin, lung, kidney, liver and myocyte stem cells, 
osteoclasts, chondrocytes and other connective tissue cells, 
keratinocytes, melanocytes, liver cells, kidney cells, and 
adipocytes. Suitable cells also include knoWn research cells, 
including, but not limited to, Jurkat T cells, NIH3T3 cells, 
CHO, Cos, 923, HeLa, WI-38, Weri-1, MG-63, etc. See the 
ATCC cell line catalog, hereby eXpressly incorporated by 
reference. 

[0025] In addition, preferred methods utiliZe cutting or 
shearing techniques to cut the nucleic acid sample contain 
ing the target sequence into a siZe that Will facilitate han 
dling and hybridiZation to the target, particularly for 
genomic DNA samples. This may be accomplished by 
shearing the nucleic acid through mechanical forces (e.g. 
sonication) or by cleaving the nucleic acid using restriction 
endonucleases. 

[0026] 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, 
particularly for use With probes, nucleic acid analogs are 
included that may have alternate backbones, comprising, for 
eXample, phosphoramide (Beaucage 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)), phosphorothioate (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-methylphophoroamidite linkages 
(see Eckstein, Oligonucleotides and Analogues: A Practical 
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Approach, Oxford University Press), and peptide nucleic 
acid backbones and linkages (see Egholm, J. Am. Chem. 
Soc. 114:1895 (1992); Meier et al., Chem. Int. Ed. Engl. 
31:1008 (1992); Nielsen, Nature, 365:566 (1993); Carlsson 
et al., Nature 380:207 (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 92:6097 (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 30:423 
(1991); Letsinger et al., J. Am. Chem. Soc. 110:4470 (1988); 
Letsinger et al., Nucleoside & Nucleotide 13:1597 (1994); 
Chapters 2 and 3, ASC Symposium Series 580, “Carbohy 
drate Modi?cations in Antisense Research”, Ed. Y. S. San 
ghui and P. Dan Cook; Mesmaeker et al., Bioorganic & 
Medicinal Chem. Lett. 4:395 (1994); Jeffs et al., J. Biomo 
lecular NMR 34:17 (1994); Tetrahedron Lett. 37:743 
(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, “Carbohy 
drate Modi?cations in Antisense Research”, Ed. Y. S. San 
ghui 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. 

[0027] 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 occurring nucleic acids and analogs may be made. 

[0028] 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. 

[0029] The nucleic acids may be single stranded or double 
stranded, as speci?ed, or contain portions of both double 
stranded or single stranded sequence. Thus, for example, 
When the target sequence is a polyadenylated mRNA, the 
hybridiZation complex comprising the target probe has a 
double stranded portion, Where the target probe is hybrid 
iZed, and one or more single stranded portions, including the 
poly(A) portion. 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, xathanine 
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hypoxathanine, isocytosine, isoguanine, etc. A preferred 
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 hybrid 
iZation, 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 nucleosides. In addi 
tion, “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. 

[0030] 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, With polyade 
nylated mRNA being particular preferred in some embodi 
ments. As is outlined herein, the target sequence may be a 
target sequence from a sample, or a secondary target such as 
an amplicon, Which is the product of an ampli?cation 
reaction such as PCR or RCA. Thus, for example, a target 
sequence from a sample is ampli?ed to produce an amplicon 
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 complemen 
tary target sequence may take many forms. For example, it 
may be contained Within a larger nucleic acid sequence, i.e. 
all or part of a gene or mRNA, a restriction fragment of a 
plasmid or genomic DNA, among others. Particularly pre 
ferred target sequences in the present invention include 
genomic DNA, polyadenylated mRNA, and alternatively 
spliced RNAs. As is outlined more fully beloW, probes are 
made to hybridiZe to target sequences to determine the 
presence, absence, quantity or sequence of a target sequence 
in a sample. Generally speaking, this term Will be under 
stood by those skilled in the art. 

[0031] The target sequence may also be comprised of 
different target domains, that may be adjacent (i.e. contigu 
ous) or separated. For example, in the OLA techniques 
outlined beloW, a ?rst ligation probe may hybridiZe to a ?rst 
target domain and a second ligation probe may hybridiZe to 
a second target domain; either the domains are directly 
adjacent, or they may be separated by one or more nucle 
otides (e.g. indirectly adjacent), 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‘ orien 
tation 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. In addition, as Will be appreci 
ated by those in the art, the probes on the surface of the array 
(e.g. attached to the microspheres) may be attached in either 
orientation, either such that they have a free 3‘ end or a free 
5‘ end; in some embodiments, the probes can be attached at 
one ore more internal positions, or at both ends. 

[0032] 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 and ampli?cation as 
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outlined below occurring 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. Components of the reaction 
may be added simultaneously, or sequentially, in any order, 
With preferred embodiments outlined 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 inter 
actions. Also reagents that otherWise 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. 

[0033] It should be noted that in some cases, tWo poly(T) 
steps are used. In one embodiment, a poly(T) support is used 
to remove unreacted target probes from the sample. HoW 
ever, a poly(T) support may be used to purify or concentrate 
poly(A) mRNA from a sample prior to running the assay. 
For eXample, total RNA may be isolated from a cell popu 
lation, and then the poly(A) mRNA isolated from the total 
RNA and fed into the assay systems described beloW. 

[0034] 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. 

[0035] As outlined herein, the invention provides a num 
ber of different primers and probes. Probes and primers of 
the present invention are designed to have at least a portion 
be complementary to a target sequence (either the target 
sequence of the sample or to other probe sequences, such as 
portions of amplicons, as is described beloW), such that 
hybridiZation of the target sequence and the probes of the 
present invention occurs. As outlined beloW, this comple 
mentarity need not be perfect; there may be any number of 
base pair mismatches Which Will interfere With hybridiZation 
betWeen the target sequence and the single stranded nucleic 
acids of the present invention. 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 complementary target sequence. Thus, by 
“substantially complementary” herein is meant that the 
probes are suf?ciently complementary to the target 
sequences to hybridiZe under normal reaction conditions, 
and preferably give the required speci?city. 

[0036] 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, 
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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. 
[0037] Thus, the assays are generally run under stringency 
conditions Which alloWs formation of the ?rst 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. 

[0038] 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. 
[0039] The siZe of the primer and probe nucleic acid may 
vary, as Will be appreciated by those in the art With each 
portion of the probe and the total length of the probe in 
general varying from 5 to 500 nucleotides in length. Each 
portion is preferably 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. Thus, for eXample, the universal 
priming sites of the probes are each preferably about 15-20 
nucleotides in length, With 18 being especially preferred. 
The adapter sequences of the probes are preferably from 
15-25 nucleotides in length, With 20 being especially pre 
ferred. The target speci?c portion of the probe is preferably 
from 15-50 nucleotides in length. 

[0040] Accordingly, the present invention provides ?rst 
target probe sets. By “probe set” herein is meant a plurality 
of target probes that are used in a particular multiplexed 
assay. In this conteXt, plurality means at least tWo, With more 
than 10 being preferred, depending on the assay, sample and 
purpose of the test. 

[0041] Accordingly, the present invention provides ?rst 
target probe sets that comprise universal priming sites. By 
“universal priming site” herein is meant a sequence of the 
probe that Will bind a PCR primer for ampli?cation. Each 
probe preferably comprises an upstream universal priming 
site (UUP) and a doWnstream universal priming site (DUP). 
Again, “upstream” and “downstream” are not meant to 
convey a particular 5‘-3‘ orientation, and Will depend on the 
orientation of the system. Preferably, only a single UUP 
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sequence and a single DUP sequence is used in a probe set, 
although as Will be appreciated by those in the art, different 
assays or different multiplexing analysis may utiliZe a plu 
rality of universal priming sequences. In addition, the uni 
versal priming sites are preferably located at the 5‘ and 3‘ 
termini of the target probe (or the ligated probe), as only 
sequences ?anked by priming sequences Will be ampli?ed. 
In some embodiments, for example, in the case of rolling 
circle embodiments, there may be a single universal priming 
site. 

[0042] In addition, universal priming sequences are gen 
erally chosen to be as unique as possible given the particular 
assays and host genomes to ensure speci?city of the assay. 
In general, universal priming sequences range in siZe from 
about 5 to about 25 basepairs, With from about 10 to about 
20 being particularly preferred. 

[0043] As Will be appreciated by those in the art, the 
orientation of the tWo priming sites is different. That is, one 
PCR primer Will directly hybridiZe to the ?rst priming site, 
While the other PCR primer Will hybridiZe to the comple 
ment of the second priming site. Stated differently, the ?rst 
priming site is in sense orientation, and the second priming 
site is in antisense orientation. 

[0044] In addition to the universal priming sites, the target 
probes comprise at least a ?rst target-speci?c sequence, that 
is substantially complementary to the target sequence. As 
outlined beloW, ligation probes each comprise a target 
speci?c sequence. As Will be appreciated by those in the art, 
the target-speci?c sequence comprises a portion that Will 
hybridiZe to all or part of the target sequence and includes 
one or more particular single nucleotide polymorphisms 

(SNPs). 
[0045] The invention is directed to target sequences that 
comprise one or more positions for Which sequence infor 
mation is desired, generally referred to herein as the “detec 
tion position” or “detection locus”. In a preferred embodi 
ment, the detection position is a single nucleotide 
(sometimes referred to as a single nucleotide polymorphism 
(SNP)), although in some embodiments, it may comprise a 
plurality of nucleotides, either contiguous With each other or 
separated by one or more nucleotides. By “plurality” as used 
herein is meant at least tWo. As used herein, the base of a 
probe (eg the target probe) Which basepairs With a detection 
position base in a hybrid is termed a “readout position” or an 
“interrogation position”. Thus, the target sequence com 
prises a detection position and the target probe comprises a 
readout position. In general, this embodiment utiliZes the 
OLA or RCA assay, as described beloW. 

[0046] In a preferred embodiment, the use of competitive 
hybridiZation target probes is done to elucidate either the 
identity of the nucleotide(s) at the detection position or the 
presence of a mismatch. 

[0047] It should be noted in this context that “mismatch” 
is a relative term and meant to indicate a difference in the 
identity of a base at a particular position, termed the “detec 
tion position” herein, betWeen tWo sequences. In general, 
sequences that differ from Wild type sequences are referred 
to as mismatches. HoWever, particularly in the case of SNPs, 
What constitutes “Wild type” may be difficult to determine as 
multiple alleles can be relatively frequently observed in the 
population, and thus “mismatch” in this context requires the 
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arti?cial adoption of one sequence as a standard. Thus, for 
the purposes of this invention, sequences are referred to 
herein as “match” and “mismatch”. Thus, the present inven 
tion may be used to detect substitutions, insertions or 
deletions as compared to a Wild-type sequence. That is, all 
other parameters being equal, a perfectly complementary 
readout target probe (a “match probe”) Will in general be 
more stable and have a sloWer off rate than a target probe 
comprising a mismatch (a “mismatch probe”) at any par 
ticular temperature. 

[0048] Accordingly, this embodiment can be run in one of 
tWo (or more) modes. In a preferred embodiment, only a 
single probe is used, comprising (as outlined herein), a UUP, 
an adapter sequence, a target-speci?c sequence comprising 
a ?rst base at the readout position, and a DUP. This probe is 
contacted With the target sequence under conditions 
(Whether thermal or otherWise) such that a hybridiZation 
complex is formed only When a perfect match betWeen the 
detection position of the target and the readout position of 
the probe is present. The non-hybridiZed probes are then 
removed as outlined herein, and the hybridiZation complex 
is denatured. The probe is then ampli?ed as outlined herein, 
and detected on an array. 

[0049] In a preferred embodiment, a plurality of target 
probes (sometimes referred to herein as “readout target 
probes”) are used to identify the base at the detection 
position. In this embodiment, each different readout probe 
comprises a different base at the position that Will hybridiZe 
to the detection position of the target sequence (herein 
referred to as the readout or interrogation position) and a 
different adapter sequence for each different readout posi 
tion. In this Way, differential hybridiZation of the readout 
target probes, depending on the sequence of the target, 
results in identi?cation of the base at the detection position. 
In this embodiment, the readout probes are contacted With 
the array again under conditions that alloW discrimination 
betWeen match and mismatch, and the unhybridiZed probes 
are removed, etc. 

[0050] Accordingly, by using different readout target 
probes, each With a different base at the readout position and 
each With a different adapter, the identi?cation of the base at 
the detection position is elucidated. Thus, in a preferred 
embodiment, a set of readout probes are used, each com 
prising a different base at the readout position. 

[0051] In a preferred embodiment, each readout target 
probe has a different adapter sequence. That is, readout 
target probes comprising adenine at the readout position Will 
have a ?rst adapter, probes With guanine at the readout 
position Will have a second adapter, etc., such that each 
target probe that hybridiZes to the target sequence Will bind 
to a different address on the array. This can alloW the use of 
the same label for each reaction. 

[0052] The number of readout target probes used Will vary 
depending on the end use of the assay. For example, many 
SNPs are biallelic, and thus tWo readout target probes, each 
comprising an interrogation base that Will basepair With one 
of the detection position bases. For sequencing, for example, 
for the discovery of SNPs, a set of four readout probes are 
used. 

[0053] In this embodiment, sensitivity to variations in 
stringency parameters are used to determine either the 
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identity of the nucleotide(s) at the detection position or the 
presence of a mismatch. As a preliminary matter, the use of 
different stringency conditions such as variations in tem 
perature and buffer composition to determine the presence or 
absence of mismatches in double stranded hybrids compris 
ing a single stranded target sequence and a probe is Well 
knoWn. 

[0054] With particular regard to temperature, as is knoWn 
in the art, differences in the number of hydrogen bonds as a 
function of basepairing betWeen perfect matches and mis 
matches can be exploited as a result of their different Tms 
(the temperature at Which 50% of the hybrid is denatured). 
Accordingly, a hybrid comprising perfect complementarity 
Will melt at a higher temperature than one comprising at 
least one mismatch, all other parameters being equal. (It 
should be noted that for the purposes of the discussion 
herein, all other parameters (i.e. length of the hybrid, nature 
of the backbone (i.e. naturally occuring or nucleic acid 
analog), the assay solution composition and the composition 
of the bases, including G-C content are kept constant). 
HoWever, as Will be appreciated by those in the art, these 
factors may be varied as Well, and then taken into account.) 

[0055] In general, as outlined herein, high stringency 
conditions are those that result in perfect matches remaining 
in hybridiZation complexes, While imperfect matches melt 
off. Similarly, loW stringency conditions are those that alloW 
the formation of hybridiZation complexes With both perfect 
and imperfect matches. High stringency conditions are 
knoWn in the art; see for example Maniatis et al., Molecular 
Cloning: A Laboratory Manual, 2d Edition, 1989, and Short 
Protocols in Molecular Biology, ed. Ausubel, et al., both of 
Which are hereby incorporated by reference. Stringent con 
ditions are sequence-dependent and Will be different in 
different circumstances. Longer sequences hybridiZe spe 
ci?cally at higher temperatures. An extensive guide to the 
hybridiZation of nucleic acids is found in Tijssen, Tech 
niques in Biochemistry and Molecular Biology—HybridiZa 
tion 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 pH. The Tm 
is the temperature (under de?ned ionic strength, pH and 
nucleic acid concentration) at Which 50% of the probes 
complementary to the target hybridiZe to the target sequence 
at equilibrium (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 concen 
tration 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 
conditions may also be achieved With the addition of desta 
biliZing agents such as formamide. In another embodiment, 
less stringent hybridiZation conditions are used; for 
example, moderate or loW stringency conditions may be 
used, as are knoWn in the art; see Maniatis and Ausubel, 
supra, and Tijssen, supra. 

[0056] As Will be appreciated by those in the art, mismatch 
detection using temperature may proceed in a variety of 
Ways; 
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[0057] Similarly, variations in buffer composition may be 
used to elucidate the presence or absence of a mismatch at 
the detection position. Suitable conditions include, but are 
not limited to, formamide concentration. Thus, for example, 
“loW” or “permissive” stringency conditions include forma 
mide concentrations of 0 to 10%, While “high” or “stringent” 
conditions utiliZe formamide concentrations of 240%. LoW 
stringency conditions include NaCl concentrations of Z 1 M, 
and high stringency conditions include concentrations of 
20.3 M. Furthermore, loW stringency conditions include 
MgCl2 concentrations of 210 mM, moderate stringency as 
1-10 mM, and high stringency conditions include concen 
trations of 21 mM. 

[0058] In this embodiment, as for temperature, a plurality 
of readout probes may be used, With different bases in the 
readout position and different adapters. Running the assays 
under the permissive conditions and repeating under strin 
gent conditions Will alloW the elucidation of the base at the 
detection position. 

[0059] In a preferred embodiment, tWo target probes are 
used to alloW the use of OLA (or RCA) assay systems and 
speci?city. This ?nds particular use in genotyping reactions, 
for the identi?cation of nucleotides at a detection position as 
outlined herein. 

[0060] The basic OLA method can be run at least tWo 
different Ways; in a ?rst embodiment, only one strand of a 
target sequence is used as a template for ligation; alterna 
tively, both strands may be used; the latter is generally 
referred to as Ligation Chain Reaction or LCR. See gener 
ally U.S. Pat. Nos. 5,185,243 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. The discussion beloW focuses on OLA, but as 
those in the art Will appreciate, this can easily be applied to 
LCR as Well. 

[0061] In this embodiment, the target probes comprise at 
least a ?rst ligation probe and a second ligation probe. The 
method is based on the fact that tWo probes can be prefer 
entially ligated together, if they are hybridiZed to a target 
strand and if perfect complementarity exists betWeen the tWo 
interrogation bases being ligated together and the corre 
sponding detection positions on the target strand. Thus, in 
this embodiment, the target sequence comprises a contigu 
ous ?rst target domain comprising the detection position and 
a second target domain adjacent to the detection position. 
That is, the detection position is “betWeen” the rest of the 
?rst target domain and the second target domain. Again, the 
orientation of the probes is not determinative; the detection 
position may be at the “end” of the ?rst ligation probe or at 
the “beginning” of the second. 

[0062] A?rst ligation probe is hybridiZed to the ?rst target 
domain and a second ligation probe is hybridiZed to the 
second target domain. If the ?rst ligation probe has a base 
perfectly complementary to the detection position base, and 
the adjacent base on the second probe has perfect comple 
mentarity to its position, a ligation structure is formed such 
that the tWo probes can be ligated together to form a ligated 
probe. If this complementarity does not exist, no ligation 
structure is formed and the probes are not ligated together to 
an appreciable degree. This may be done using heat cycling, 
to alloW the ligated probe to be denatured off the target 
sequence such that it may serve as a template for further 
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reactions. In addition, as is more fully outlined below, this 
method may also be done using three ligation probes or 
ligation probes that are separated by one or more nucle 
otides, if dNTPs and a polymerase are added (this is some 
times referred to as “Genetic Bit” analysis). 

[0063] In a preferred embodiment, LCR 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 ligation target probe nucleic 
acids) for the other strand of the target. In this embodiment, 
a preferred method utiliZes each set of probes With a 
different adapter; this may have particular use to serve as an 
additional speci?city control; that is, only if both strands are 
seen is a “positive” called. 

[0064] Again, as outlined herein, the target-speci?c 
sequence of the ligation probes can be designed to be 
substantially complementary to a variety of targets. 

[0065] In general, each target speci?c sequence of a liga 
tion probe is at least about 5 nucleotides long, With 
sequences of at from about 8 to 15 being preferred and 10 
being especially preferred. 

[0066] In a preferred embodiment, three or more ligation 
probes are used. This general idea is depicted in FIG. 6. In 
this embodiment, there is an intervening ligation probe, 
speci?c to a third domain of the target sequence, that is used. 
Again, this may be done to detect SNPs, if desired. 

[0067] In a preferred embodiment, the tWo ligation target 
probes are not directly adjacent. In this embodiment, they 
may be separated by one or more bases. The addition of 
dNTPs and a polymerase, as outlined beloW for the ampli 
?cation reactions, folloWed by the ligation reaction, alloWs 
the formation of the ligated probe. 

[0068] In addition to the universal priming sites and the 
target speci?c sequence(s), the target probes of the invention 
further comprise one or more adapter sequences. An 
“adapter sequence” is a sequence, generally exogeneous to 
the target sequences, e.g. arti?cial, that is designed to be 
substantially complementary (and preferably perfectly 
complementary) to a capture probe on the array. The use of 
adapter sequences alloW the creation of more “universal” 
surfaces; that is, one standard array, comprising a ?nite set 
of capture probes can be made and used in any application. 
The end-user can customiZe the array by designing different 
soluble target probes, Which, as Will be appreciated by those 
in the art, is generally simpler and less costly. In a preferred 
embodiment, an array of different and usually arti?cial 
capture probes are made; that is, the capture probes do not 
have complementarity to knoWn target sequences. The 
adapter sequences can then be incorporated in the target 
probes. 

[0069] As Will be appreciated by those in the art, the 
length of the adapter sequences Will vary, depending on the 
desired “strength” of binding and the number of different 
adapters desired. In a preferred embodiment, adapter 
sequences range from about 6 to about 500 basepairs in 
length, With from about 8 to about 100 being preferred, and 
from about 10 to about 25 being particularly preferred. 

[0070] As Will be appreciated by those in the art, the 
placement and orientation of the adapter sequences can vary 
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Widely, depending on the con?guration of the assay and the 
assay itself. For example, in most of the OLA embodiments 
depicted herein, the adapter sequences are shoWn on the 
“upstream” ligation probe; hoWever, the doWnstream probe 
can also be used; What is important is that at least one of the 
ligation probes comprise an adapter sequence. Basically, as 
Will be appreciated by those in the art, the different com 
ponents of the target probes can be placed in any order, just 
as long as the universal priming sites remain on the outer 
most ends of the probe, to alloW all sequences betWeen them 
to be ampli?ed. In general the adapter sequences Will have 
similar hybridiZation characteristics, eg similar melting 
temperatures, similar (G+C) content. 

[0071] In a preferred embodiment, tWo adapter sequences 
per ligated target probe are used. That is, as is generally 
depicted in FIG. 6, each ligation probe can comprise a 
different adapter sequence. The ligated probe Will then 
hybridiZe to tWo different addresses on the array; this 
provides a level of quality control and speci?city. In addi 
tion, it is also possible to use tWo adapter sequences for 
single target probes, if desired. 

[0072] In a preferred embodiment, the target probe may 
also comprise a label sequence, i.e. a sequence that can be 
used to bind label probes and is substantially complementary 
to a label probe. This is sometimes referred to in the art as 
“sandWich-type” assays. That is, by incorporating a label 
sequence into the target probe, Which is then ampli?ed and 
present in the amplicons, a label probe comprising primary 
(or secondary) labels can be added to the mixture, either 
before addition to the array or after. This alloWs the use of 
high concentrations of label probes for ef?cient hybridiZa 
tion. In one embodiment, it is possible to use the same label 
sequence and label probe for all target probes on an array; 
alternatively, different target probes can have a different 
label sequence. Similarly, the use of different label 
sequences can facilitate quality control; for example, one 
label sequence (and one color) can be used for one strand of 
the target, and a different label sequence (With a different 
color) for the other; only if both colors are present at the 
same basic level is a positive called. 

[0073] Thus, the present invention provides target probes 
that comprise universal priming sequences, target speci?c 
sequence(s), adapter sequences and optionally label 
sequences. These target probes are then added to the target 
sequences to form hybridiZation complexes. As Will be 
appreciated by those in the art, the hybridiZation complexes 
contain portions that are double stranded (the target-speci?c 
sequences of the target probes hybridiZed to a portion of the 
target sequence) and portions that are single stranded (the 
ends of the target probes comprising the universal priming 
sequences and the adapter sequences, and any unhybridiZed 
portion of the target sequence, such as poly(A) tails, as 
outlined herein). 

[0074] Once the hybridiZation complexes are formed, 
unhybridiZed probes are removed. This is important as all 
target probes may form some unpredictable structures that 
Will complicate the ampli?cation using the universal prim 
ing sequences. Thus to ensure speci?city (eg that target 
probes directed to target sequences that are not present in the 
sample are not ampli?ed and detected), it is important to 
remove all the nonhybridiZed probes. As Will be appreciated 
by those in the art, this may be done in a variety of Ways, 
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including methods based on the target sequence, methods 
utilizing double stranded speci?c moieties, and methods 
based on probe design and content. 

[0075] In a preferred embodiment, target speci?c methods 
are utiliZed. That is, any property common to all the targets 
in a sample can be utiliZed. For example, When the target 
sequences comprise poly(A) tails, such as mRNAs, separa 
tion of unhybridiZed target probes is done utilizing supports 
comprising poly(T) sequences. Poly(A) tails may also be 
added to targets by polymeriZation With terminal transferase, 
or via ligation of an oligoA linker, as is knoWn in the art. 

[0076] Thus, for example, supports (as de?ned beloW), 
particularly magnetic beads, comprising poly(T) sequences 
are added to the mixture comprising the target sequences and 
the target probes. In this embodiment, the ?rst hybridiZation 
complexes comprise a single-stranded portion comprising a 
poly(A) sequence, generally ranging from 10 to 100 s 
adenosines. The ?rst hybridiZation complexes form a second 
hybridiZation complex, as outlined in FIG. 7. The poly(T) 
support is then used to separate the unhybridiZed target 
probes from the hybridiZation complexes. For example, 
When magnetic beads are used, they may be removed from 
the mixture and Washed; non-magnetic beads may be 
removed via centrifugation and Washed, etc. The hybridiZa 
tion complexes are then released (and denatured) from the 
beads using a denaturation step such as a thermal step. 

[0077] In a preferred embodiment, methods relying on the 
addition of binding ligands to the target sequences are done. 
In this embodiment, enZymes are used to add binding 
partners that can be used to separate out the hybridiZation 
complexes from the unhybridiZed probes. For example, 
using terminal transferase enZymes, dNTPs that include a 
binding ligand such as biotin (or others outlined herein for 
secondary labels) are added to a terminus of the target 
sequence(s). The binding partner of the binding ligand can 
then be ultimately used to separate or remove the unhybrid 
iZed probes. 

[0078] As Will be appreciated by those in the art, this can 
be accomplished in a variety of Ways. In a preferred embodi 
ment, the binding ligand is added to the target sequence prior 
to the formation of the hybridiZation complex. Alternatively, 
it can be added afterWards, although in this embodiment the 
binding ligand must not be attached to unhybridiZed probes; 
this can be accomplished by using probes that are blocked at 
their terminus (or terminii, in the case Where tWo ligation 
probes are used), for example by using capped ends. 

[0079] A preferred embodiment utiliZes terminal trans 
ferase and dideoxynucleotides labeled With biotin, although 
as Will be appreciated by those in the art, the binding ligand 
need not be attached to a chain-terminating nucleotide. 

[0080] Once added, the target sequence may be immobi 
liZed either before or after the formation of the hybridiZation 
complex. In a preferred embodiment, the target sequence is 
immobiliZed on a surface or support comprising the binding 
partner of the binding ligand prior to the formation of the 
hybridiZation complex With the probe(s) of the invention. 
For example, a preferred embodiment utiliZes binding part 
ner coated reaction vessels such as eppendorf tubes or 
microtiter Wells. Alternatively, the support may be in the 
form of beads, including magnetic beads. In this embodi 
ment, the target sequences are immobiliZed, the target 
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probes are added to form hybridiZation complexes. Unhy 
bridiZed probes are then removed through Washing steps, 
and the bound probes (e.g. either target probes, ligated 
probes, or ligated RCA probes) are then eluted off the 
support, usually through the use of elevated temperature or 
buffer conditions (pH, salt, etc.). 

[0081] Alternatively, the target sequence may be immo 
biliZed after the formation of the hybridiZation complexes, 
ligation complexes and/or ligated complexes. That is, the 
probes can be added to the targets in solution, enZymes 
added as needed, etc. After the hybridiZation complexes are 
formed and/or ligated, the hybridiZation complexes can be 
added to supports comprising the binding partners and the 
unhybridiZed probes removed. 

[0082] In this embodiment, particularly preferred binding 
ligand/binding partner pairs are biotin and streptavidin or 
avidin, antigens and antibodies; other chemical Ways are 
described herein. 

[0083] Alternatively, if the target does not contain a com 
mon property or sequence such as a poly(A) portion, or a 
binding ligand has not been added, separation methods 
based on the differences betWeen single-stranded and 
double-stranded nucleic acids may be done. For example, 
there are a variety of double-stranded speci?c moieties 
knoWn, that preferentially interact With double-stranded 
nucleic acids over single stranded nucleic acids. For 
example, there are a Wide variety of intercalators knoWn, 
that insert into the stacked basepairs of double stranded 
nucleic acid. TWo of the best knoWn examples are ethidium 
bromide and actinomycin D. Similarly, there are a number of 
major groove and minor groove binding proteins Which can 
be used to distinguish betWeen single stranded and double 
stranded nucleic acids. Similar to the poly(T) embodiment, 
these moieties can be attached to a support such as magnetic 
beads and used to preferentially bind the hybridiZation 
complexes, to remove the non-hybridiZed target probes and 
target sequences during Washing steps. The hybridiZation 
complexes are then released from the beads using a dena 
turation step such as a thermal step. 

[0084] In the case Where the OLA reaction is done, an 
additional embodiment, depicted in FIG. 8, may be done to 
remove unhybridiZed primers. In this embodiment, a 
nuclease inhibitor is added to the 3‘ end of the doWnstream 
ligation probe, Which does not comprise the adapter 
sequence. Thus, any nucleic acids that do not contain the 
inhibitors (including both the 5‘ unligated probe and the 
target sequences themselves) Will be digested upon addition 
of a 3‘-exonuclease. The ligation products are protected from 
exo I digestion by including, for example, 4-phosphorothio 
ate residues at their 3‘ terminus, thereby, rendering them 
resistant to exonuclease digestion. The unligated detection 
oligonucleotides are not protected and are digested. Since 
the 5‘ upstream ligation probe carries the adapter sequence, 
the unligated doWnstream probe, Which does carry the 
nuclease inhibitor and is thus also not digested, does not 
bind to the array and can be Washed aWay. 

[0085] Suitable nuclease inhibitors are knoWn in the art 
and comprise thiol nucleotides. In this embodiment, suitable 
3‘-exonucleases include, but are not limited to, exo I, exo III, 
exo VII, and 3‘-5‘ exophosphodiesterases. 

[0086] Once the non-hybridiZed probes (and additionally, 
if preferred, other sequences from the sample that are not of 




























