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USE OF MASS LABELED PROBES TO 
DETECT TARGET NUCLEIC ACIDS USING 

MASS SPECTROMETRY 

[0001] This application is a divisional of US. application 
Ser. No. 11/597,109, ?led Nov. 20, 2006, Which is a National 
Stage Application of PCT/GB2005/01980, ?led May 19, 
2004, Which claims priority from US. Provisional Applica 
tion 60/572,464, ?led May 20, 2004, the entireties of Which 
are hereby incorporated by reference. 

REFERENCE TO SEQUENCE LISTING 

[0002] In accordance With 37 CFR §1.824, Applicant 
attaches hereWith a copy of the Sequence Listing in computer 
readable form (CRF) in an electronic ?le, ?le name Sequence 
Listing.txt, created Nov. 20, 2006, ?le siZe 10.2 kilobytes, the 
contents thereof being incorporated by reference herein. The 
content of the sequence listing recorded in computer readable 
form is identical to the Written sequence listing and, includes 
no neW matter. 

FIELD OF THE INVENTION 

[0003] This invention relates to useful probe molecules for 
characterising biomolecules of interest, particularly nucleic 
acids. Speci?cally this invention relates to oligonucleotide 
probes that are cleavably linked to tags designed for detection 
by mass spectrometry and tandem mass spectrometry. In 
addition, this invention relates to associated methods for 
employing mass labeled probes to detect target nucleic acids 
using mass spectrometry. 

BACKGROUND OF THE INVENTION 

[0004] Nucleic acids are typically detected by contacting 
them With labelled probe molecules under controlled condi 
tions and detecting the labels to determine Whether speci?c 
binding or hybridisation has taken place. Various methods of 
labeling probes are knoWn in the art, including the use of 
radioactive atoms, ?uorescent dyes, luminescent reagents, 
electron capture reagents and light absorbing dyes. Each of 
these labeling systems has features Which make it suitable for 
certain applications and not others. For reasons of safety, 
interest in non-radioactive labeling systems lead to the Wide 
spread commercial development of ?uorescent labeling 
schemes particularly for genetic analysis. Fluorescent label 
ing schemes permit the labeling of a relatively small number 
of molecules simultaneously, typically 4 labels can be used 
simultaneously and possibly up to eight. HoWever the costs of 
the detection apparatus and the dif?culties of analysing the 
resultant signals limit the number of labels that can be used 
simultaneously in a ?uorescence detection scheme. 
[0005] More recently there has been development in the 
area of mass spectrometry as a method of detecting labels that 
are cleavably attached to their associated probe molecules. 
Until recently, Mass Spectrometry has been used to detect 
analyte ions or their fragment ions directly, hoWever for many 
applications such as nucleic acid analysis, the structure of the 
analyte can be determined from indirect labeling. This is 
advantageous particularly With respect to the use of mass 
spectrometry because complex biomolecules such as DNA 
have complex mass spectra and are detected With relatively 
poor sensitivity. Indirect detection means that an associated 
label molecule can be used to identify the original analyte, 
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Where the label is designed for sensitive detection and a 
simple mass spectrum. Simple mass spectra mean that mul 
tiple labels can be used to analyse multiple analytes simulta 
neously. In fact, many more labels than can currently be used 
simultaneously in ?uorescence based assays can be gener 
ated. 
[0006] WO98/31830 describes arrays of nucleic acid 
probes covalently attached to cleavable labels that are detect 
able by mass spectrometry Which identify the sequence of the 
covalently linked nucleic acid probe. The labeled probes of 
this application have the structure Nu-L-M Where Nu is a 
nucleic acid covalently linked to L, a cleavable linker, 
covalently linked to M, a mass label. Preferred cleavable 
linkers in this application cleave Within the ion source of the 
mass spectrometer. Preferred mass labels are substituted 
poly-aryl ethers. These application discloses a variety of ioni 
sation methods and analysis by quadrupole mass analysers, 
TOF analysers and magnetic sector instruments as speci?c 
methods of analysing mass labels by mass spectrometry. 
[0007] WO 95/04160 disclose ligands, and speci?cally 
nucleic acids, cleavably linked to mass tag molecules. Pre 
ferred cleavable linkers are photo-cleavable. These applica 
tion discloses Matrix Assisted Laser Desorption Ionisation 
(MALDI) Time of Flight (TOF) mass spectrometry as a spe 
ci?c method of analysing mass labels by mass spectrometry. 
[0008] WO 98/26095 discloses releasable non-volatile 
mass-label molecules. In preferred embodiments these labels 
comprise polymers, particularly biopolymers, and more par 
ticularly nucleic acids, Which are cleavably attached to a 
reactive group or ligand, i.e. a probe. Preferred cleavable 
linkers appear to be chemically or enZymatically cleavable. 
This application discloses MALDI TOF mass spectrometry 
as a speci?c method of analysing mass labels by mass spec 
trometry. 
[0009] WO 97/27327, WO 97/27325, WO 97/27331 dis 
close ligands, and speci?cally nucleic acids, cleavably linked 
to mass tag molecules. Preferred cleavable linkers appear to 
be chemically or photo-cleavable. These application dis 
closes a variety of ionisation methods and analysis by qua 
drupole mass analysers, TOF analysers and magnetic sector 
instruments as speci?c methods of analysing mass labels by 
mass spectrometry. 

[0010] WO 01/68664 and WO 03/025576 disclose organic 
molecule mass markers that are analysed by tandem mass 
spectrometry. These applications disclose mass markers com 
prised of tWo components, a mass tag component and a mass 
normaliZation component that are connected to each other by 
a collision cleavable group. Sets of tags can be synthesised 
Where the sum of the masses of the tWo components produce 
markers With the same overall mass. The mass markers are 
typically analysed after cleavage from their analyte. Analysis 
takes place in an instrument capable of tandem mass spectro 
metric analysis. In the ?rst stage of analysis, the MS/MS 
instrument is set to select ions With the mass-to-charge ratio 
that corresponds to the mass marker comprising both the mass 
tag and mass normaliser, Which may be referred to as the 
‘parent ion’. This selection process effected by the MS/MS 
instrument alloWs the markers to be abstracted from the back 
ground. Collision of selected the marker ions in the second 
stage of the analysis separates the tWo components of the tag 
from each other. Only the mass tag fragments of the parent 
ion, Which may be referred to as the ‘daughter ions’ are 
detected in the third stage of analysis. This alloWs con?rma 
tion that the ion selected in the ?rst stage of analysis is from 
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a mass marker and not from a contaminating ion, Which 
happens to have the same mass-to-charge ratio as the parent 
ion. The Whole process greatly enhances the signal to noise 
ratio of the analysis and improves sensitivity. This mass 
marker design also compresses the mass range over Which an 
array of mass markers is spread as mass markers can have the 
same mass as long as they give rise to mass tag fragments that 
are uniquely resolvable. Moreover, With isotopes, this mass 
marker design alloWs the synthesis of markers, Which are 
chemically identical, have the same mass but Which are still 
resolvable by mass spectrometry. Use of these markers to 
identify oligonucleotide probes is described. 
[0011] Thus, the prior art provides oligonucleotide probes 
cleavably linked to tags that are detectable by mass spectrom 
etry. The prior art also shoWs that these probes enable multi 
plexing of nucleic acid probe binding assays. HoWever, mul 
tiplexed assays require more than just multiple tags. Many 
nucleic acid probe binding assays do not function Well When 
multiplexed because of problems of cross-hybridisation. This 
is a particular problem for polymerase chain reaction (PCR) 
based assays, for Which it is very costly and time-consuming 
to optimize reactions involving multiple primer pairs. The 
problems are due to the high risk of cross hybridization of 
primers to incorrect templates leading to cross-ampli?cation 
of templates and hence to incorrect results. 
[0012] HoWever, some nucleic acid probe binding assay 
methods that enable hi gh-order multiplexing are knoWn in the 
art. Most notably, Oligonucleotide Ligation Assays (OLA) 
such as those described in US. Pat. No. 4,988,617, Which 
discloses an assay for determining the sequence of a region of 
a target nucleic acid, Which has a knoWn possible mutation in 
at least one nucleotide position in the sequence. In this sort of 
assay, tWo oligonucleotide probes that are complementary to 
immediately adjacent segments of a target DNA or RNA 
molecule Which, contains the possible mutation(s) near the 
segment joint, are hybridised to the target DNA. A ligase is 
then added to the juxtaposed hybridised probes. Assay con 
ditions are selected such that When the target nucleotide is 
correctly base paired, the probes Will be covalently joined by 
the ligase, and if not correctly base paired due to a mismatch 
ing nucleotide(s) near the segment joint, the probes are inca 
pable of being covalently joined by the ligase. The presence 
or absence of ligation is detected as an indication of the 
sequence of the target nucleotide. 
[0013] Similar assays are disclosed in EP-A-185 494. In 
this method, hoWever, the formation of a ligation product 
depends on the capability of tWo adjacent probes to hybridize 
under high stringency conditions rather than on the require 
ment of correct base-pairing in the joint region for the ligase 
to function properly as in the above US. Pat. No. 4,988,617. 
Other references relating to ligase-assisted detection are, e. g., 
EP-A-330 308, EP-A-324 616, EP-A-473 155, EP-A-336 
731, US. Pat. No. 4,883,750 and US. Pat. No. 5,242,794. 
[0014] Ligation mediated assays have a number of advan 
tages over conventional hybridization based assays. The reac 
tion is more speci?c than hybridization as it requires several 
independent events to take place to give rise to a signal. 
Ligation reactions rely on the spatial juxtaposition of tWo 
separate probe sequences on a target sequence, and this is 
unlikely to occur in the absence of the appropriate target 
molecule even under non-stringent reaction conditions. This 
means that standardised reaction conditions can be used 
enabling automation. In addition, due to the substrate require 
ments of ligases, incorrectly hybridised probes With terminal 
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mismatches at the ligation junction are ligated With very poor 
e?iciency. This means that allelic sequence variants can be 
distinguished With suitably designed probes. The ligation 
event creates a unique molecule, not previously present in the 
assay Which enables a variety of useful signal generation 
systems to be employed to detect the event. This high speci 
?city makes ligation based assays easier to multiplex as dis 
closed in provisional US. application 20030108913. 
[0015] Further improvements in stringency and multiplex 
ing can be achieved using circularising probes. Circularising 
probes comprise a single oligonucleotide probe, typically 
about 70 nucleotides in length or greater, in Which the tWo 
probe sequences that are to be ligated to each other are located 
at either end of the probe molecule. The probe sequences are 
designed so that When they bind to their target sequence, the 
tWo probe sequences are brought into juxtaposition. The 
probe sequences can then be ligated to form a closed circular 
loop of DNA. Since both probe sequences are linked to each 
other, When one probe sequence binds to its target, binding of 
the second probe sequence takes place With rapid kinetics. 
This ensures that intra-molecular ligation is much more likely 
than inter-molecular ligation reducing cross-ligation of 
probes to very loW levels. In addition, cross-ligated probes are 
still linear and it is highly unlikely that tWo or more probes 
Will cross-ligate to form a circular species. Similarly, mis 
matched probes, i.e. probes that have bound to a target that 
does not exactly match the probe sequence, are unable to 
ligate and therefore Will not be circularized. This all means 
that correctly reacted probes can be distinguished from incor 
rectly reacted probes by the fact that correctly reacted probes 
are circular. The ability to resolve correctly matched probes 
means that large numbers of probes can be used simulta 
neously in a single reaction. The key to using circularizing 
probes lies in being able to obtain a signal from circularised 
probes rather than from non-circularised probes and various 
methods have been disclosed in the prior art to date. 

[0016] The ?rst disclosure of circularizing probes appears 
to have been made by Aono Toshiya in JP 4262799 and JP 
4304900. These applications both disclose the use of ligation 
reactions With circularising probes. 
[0017] Circularisation is detected by the ability of circular 
ized probes to undergo linear Rolling Circle Ampli?cation 
(RCA). The methodology disclosed in the above Japanese 
applications comprises contacting the sample in the presence 
of a ligase With a probe oligonucleotide. Correctly hybridised 
probes Will be circularized by ligation and Will act as a tem 
plate in a RCA polymerization reaction. A primer, Which is at 
least partially complementary to the circularised probe, 
together With a strand-displacing nucleic acid polymerase 
and nucleotide triphosphates are added to the circularized 
sequences and a single stranded nucleic acid is formed Which 
has a tandemly repeated sequence complementary to the cir 
cularized probe and at least partially to the template. The 
ampli?cation product is then detected either via a labelled 
nucleotide triphosphate incorporated in the ampli?cation, or 
by an added labelled nucleic acid probe capable of hybridiz 
ing to the ampli?cation product. 
[0018] Other methods based on RCA of circularized probes 
have been disclosed in US. Pat. No. 5,854,033 and related 
divisions of this application published as US. Pat. No. 6,344, 
329, US. Pat. No. 6,210,884 and US. Pat. No. 6,183,960. 
The most notable difference betWeen the disclosure of these 
applications and the disclosure of JP 4262799 and JP 
4304900, is the use of hyper-branching RCA. In this method, 
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a second primer that is at least partially complementary to the 
single-stranded product of linear RCA of a circularized probe 
is added to the reaction. This results in a further geometric 
ampli?cation of the single stranded product. 
[0019] Another method for resolving circularized probes 
from non-circularised probes is disclosed in WO 95/22623. 
The methods disclosed in this application exploit the fact that 
circularized probes are not susceptible to degradation by exo 
nucleases While unreacted linear probes are susceptible to 
degradation. In addition, cyclisation of a probe ‘locks’, the 
probe onto its target, i.e. the probes are resistant to being 
separated from their target. This alloWs circularized probes to 
be distinguished from linear probes by subjecting the probes 
to non-hybridising conditions. This approach to the use of 
circularizing probes is sometimes referred to as Padlock 
Probe technology. 
[0020] Despite the ability of mass tags to enable multiplex 
ing ofnucleic acid assays, none ofthe prior art on mass tags 
provides methods of analysing nucleic acids using circularis 
ing probes. Similarly, none of the prior art on circularising 
probes provides methods of detecting circularising probes 
suggests using mass spectrometry. It is thus an object of this 
invention to provide methods and reagents to exploit the 
abilities of both mass tags and circularising probes to be used 
in highly multiplexed nucleic acid detection assays. 

BRIEF SUMMARY OF THE INVENTION 

[0021] In a ?rst aspect the invention provides a method of 
detecting a target nucleic acid comprising 
[0022] a) contacting the sample, under hybridizing condi 
tions, With a probe for said target nucleic acid, Wherein said 
probe comprises tWo terminal nucleic acid target recognition 
sequences that are complementary to and capable of hybrid 
izing to tWo neighbouring regions of the target sequence, and 
Wherein the probe is linked to a tag that is identi?able by mass 
spectrometry; 
[0023] b) covalently connecting the ends of the hybridized 
probe With each other to form a circularized-probe, Which 
interlocks With the target strand through catenation; 
[0024] c) cleaving the mass tag from the circularized probe; 
and 
[0025] d) detecting the mass tag by mass spectrometry. 
[0026] In a second aspect, the invention comprises a 
method of detecting the presence of a target nucleic acid in a 
sample, Which method comprises 

[0027] a) contacting the sample, under hybridizing con 
ditions, With a probe for said target nucleic acid, Wherein 
said probe comprises tWo terminal nucleic acid target 
recognition sequences that are complementary to and 
capable of hybridizing to tWo neighbouring regions of 
the target sequence, and Wherein the probe comprises a 
probe identi?cation sequence; 

[0028] b) covalently connecting the ends of the hybrid 
ized probe With each other to form a circularized-probe, 
Which interlocks With the target strand through catena 
tion; 

[0029] c) hybridizing a probe detection oligonucleotide 
to the probe identi?cation sequence present in the said 
probe, Where the probe detection oligonucleotide is 
cleavably linked to a mass tag; 

[0030] d) cleaving the mass tag from the probe detection 
oligonucleotide; and 

[0031] e) detecting the mass tag by mass spectrometry. 
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[0032] In a third aspect, the invention provides a method of 
detecting the presence of a target nucleic acid in a sample, 
Which method comprises 

[0033] a) contacting the sample, under hybridizing con 
ditions, With a probe for said target nucleic acid, Wherein 
said probe comprises tWo terminal nucleic acid target 
recognition sequences that are complementary to and 
capable of hybridizing to tWo neighbouring regions of 
the target sequence, and Wherein the probe further com 
prises a probe identi?cation sequence and a pair of 
primer binding sequences; 

[0034] b) covalently connecting the ends of the hybrid 
ized probe With each other to form a circularized-probe, 
Which interlocks With the target strand through catena 
tion; 

[0035] c) cleaving the circularized probe such that the 
opened probe has the primer binding sequences oriented 
to enable polymerase chain reaction ampli?cation of the 
probe identi?cation sequence; 

[0036] d) hybridizing a probe detection oligonucleotide 
to the probe identi?cation sequence present in the said 
probe, Where the probe detection oligonucleotide is 
cleavably linked to a mass tag; 

[0037] e) performing a primer extension reaction by pro 
viding a primer capable of hybridizing to the primer 
binding sequence upstream of the probe identi?cation 
sequence and extending said primer With a polymerase 
having 5' exonuclease activity, so as to cleave the mass 
tag from the probe detection oligonucleotide; and 

[0038] 
[0039] In a fourth aspect, the invention provides a method 
of detecting the presence of a target nucleic acid in a sample, 
Which method comprises 

[0040] a) contacting the sample, under hybridizing con 
ditions, With a probe for said target nucleic acid, Wherein 
said probe comprises tWo terminal nucleic acid target 
recognition sequences that are complementary to and 
capable of hybridizing to tWo neighbouring regions of 
the target sequence, and Wherein the probe further com 
prises a probe identi?cation sequence and a pair of 
primer binding sequences; 

[0041] b) covalently connecting the ends of the hybrid 
ized probe With each other to form a circularized-probe, 
Which interlocks With the target strand through catena 
tion; 

[0042] c) contacting one primer binding sequence With a 
complementary primer under conditions for rolling 
circle replication to occur, to provide a linear extension 
product; 

[0043] d) contacting the linear extension product With a 
primer having the sequence of the second primer bind 
ing sequence, under conditions to provide for hyper 
branching rolling circle replication; 

[0044] e) hybridizing a probe detection oligonucleotide 
to the probe identi?cation sequence present in the said 
probe, Where the probe detection oligonucleotide is 
cleavably linked to a mass tag; and 

[0045] 
[0046] The ?rst aspect of the invention set out above relates 
to a method for detection of a nucleic acid using a circularis 
ing probe in Which a mass tag is present in the probe. The 
other aspects of the invention set out above in contrast use a 

f) detecting the mass tag by mass spectrometry. 

f) detecting the mass tag by mass spectrometry. 
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probe detection sequence in the circularising probe, Wherein 
the probe detection sequence is detected With a probe 
attached to a mass tag. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] FIG. 1 illustrates a directly labelled Circularising 
Probe according to the ?rst aspect of this invention. The probe 
comprises tWo Target Recognition Sequences (TRSl and 
TRS2; marked as the grey regions) at either end of the probe. 
The intermediate sequence is shoWn in White. A mass tag is 
shoWn linked to the probe sequence. In some embodiments, 
more than 1 mass tag may be linked to a probe of the inven 
tion. 
[0048] FIG. 2 illustrates hybridisation of a circularising 
probe to its target nucleic acid. It can be seen that the TRS 
regions are designed to hybridise in juxtaposition on the 
target, leaving a small gap, Which may be just a missing 
phosphodiester linkage or a space of one or more nucleotides. 
[0049] FIG. 3 illustrates a Circularising Probe according to 
the second aspect of this invention. The probe comprises tWo 
Target Recognition Sequences (TRSl and TRS2; marked as 
the grey regions) at either end of the probe. The intermediate 
sequence is shoWn in White. A Probe Identi?cation sequence 
(marked as the black region) is present in the Intermediate 
region (marked as the White region). The Probe Identi?cation 
sequence is designed to uniquely identify the probe. In some 
embodiments, more than 1 Probe Identi?cation sequence 
may be present in a probe of the invention. 
[0050] FIGS. 4a and 4b schematically illustrate the use of a 
directly labelled Circularising Probe in a method according to 
the ?rst aspect of this invention. The details of the method are 
discussed in detail in the detailed description that folloWs. 
[0051] FIGS. 5a and 5b schematically illustrate the use of 
Circularising Probes that comprise Probe Identi?cation 
Sequences in a method according to the second aspect of this 
invention. The details of the method are discussed in detail in 
the detailed description that folloWs. 
[0052] FIGS. 6a, 6b and 6c schematically illustrate the use 
of Circularising Probes that comprise Probe Identi?cation 
Sequences and Primer Binding Sequences in a method 
according to the third aspect of this invention. The details of 
the method are discussed in detail in the detailed description 
that folloWs. 

DETAILED DESCRIPTION OF THE INVENTION 

[0053] This invention describes reagents, methods and kits 
that exploit circularising probes to characterise nucleic acids 
by mass spectrometry. 

De?nitions 

[0054] The term ‘MS/MS’ in the context of mass spectrom 
eters refers to mass spectrometers capable of selecting ions, 
subjecting selected ions to Collision Induced Dissociation 
(CID) and subjecting the fragment ions to further analysis. 
[0055] The term ‘serial instrument’ refers to mass spec 
trometers capable of MS/MS in Which mass analysers are 
organised in series and each step of the MS/MS process is 
performed one after the other in linked mass analysers. Typi 
cal serial instruments include triple quadrupole mass spec 
trometers, tandem sector instruments and quadrupole time of 
?ight mass spectrometers. 
[0056] A Linear Circularising Probe (LCP) is probe 
sequence Where the tWo termini of the probe comprise Target 
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Recognition Sequences (TRS) that are designed to hybridise 
in juxtaposition on a target nucleic acid. The 3' terminus of the 
probe preferably comprises a free hydroxyl group While the 5' 
hydroxyl group is preferably phosphorylated. These probes 
are designed so that the TRS portions canbe covalently linked 
to each other after correct hybridization to their target to form 
a circular molecule. 

[0057] A Closed CirculariZing Probe (CCP) is simply a 
name for an LCP Whose TRS regions have been covalently 
linked to form a circular molecule. 
[0058] A Probe Identi?cation (PI) sequence is a sequence 
present in an LCP that alloWs the LCP to be identi?ed through 
hybridisation With an appropriate Probe Detection Sequence 
that is preferably labelled With a unique mass tag. 
[0059] A Probe Detection Sequence (PDS) is a labelled 
probe sequence that is at least partially complementary to a 
Probe Identi?cation sequence and through hybridisation With 
a PI sequence it canbe used to identify the presence of an LCP 
or CCP. Generally, the PDS probes are applied in a Way that 
ensures that only CCPs are detected. 
[0060] A Primer Binding Site (PBS) is a sequence that is 
present in an LCP or CCP that alloWs for the binding of a 
primer oligonucleotide so that the primer can facilitate repli 
cation of the CCP. Primers for rolling circle replication and 
for PCR can be used With this invention. 
[0061] A primer for rolling circle replication is referred to 
as a Rolling Circle Primer (RCP) While a primer for PCR is 
simply referred to as a PCR primer. 

OvervieW of the Invention 

[0062] Circularising probes have a number of distinct 
advantages When compared to other approaches for SNP 
analysis and Gene Expression Pro?ling. The most Widely 
used technologies at the moment that enables analysis of both 
SNPs and Gene Expression are microarrays and Real Time 
PCR. Both of these technologies have a number of disadvan 
tages. Both these technologies typically require conversion of 
RNA into cDNA by reverse transcription prior to analysis. 
For mRNA analysis on microarrays, this typically requires 
the presence of a polyadenylation sequence at the 5' end of the 
mRNA to alloW a generic ampli?cation reaction. This means 
that RNA species that are not polyadenylated are dif?cult to 
analyse With microarray techniques, such as bacterial or viral 
RNA. For PCR based analysis of RNA, the lack of polyade 
nylation is not such a problem but PCR requires a pair of 
primers to be designed for each RNA species. Because each 
primer can potentially cross-hybridise and thus cross-amplify 
incorrect RNA molecules, PCR primer pairs must have a very 
high level of speci?city. HoWever, even With careful optimi 
sation it is very di?icult to design reactions With more than 20 
pairs of speci?c PCR primers. Circularising probes have the 
advantage that large numbers can be used simultaneously in a 
single reaction (Hardenbol et al., Nature Biotechnology 21 
(6) pages 673-678, 2003) but can be designed for speci?c 
sequences, rather than relying on polyadenylation making 
Circularising probes ideal for analysis of bacterial and viral 
RNA. In addition, the ability to analyse numerous species 
simultaneously Will alloW analysis of viral RNA and bacterial 
simultaneously With human mRNA for example alloWing 
expression changes in both host and infectious agent to be 
analysed simultaneously during studies of infection. The use 
of mass tags to detect circularisation events, as disclosed in 
this invention, has many advantages, since large arrays of 
isotopic tags can be generated. The use of isotopic tags means 
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that accurate quanti?cation is enabled as the relative abun 
dances of isotope tags are an accurate indicator of the levels of 
the expression products. 
[0063] In addition, the high speci?city of circularising 
probes and the ability to accurately measure expression 
changes With isotopic mass tags alloWs both measurement of 
expression changes and the presence of genetic variation to be 
performed simultaneously. An example of an application of 
this ability Would be viral load monitoring, Where it is desir 
able to detect not only the total amount of virus, but the 
amount of each genetic variant. This is of importance in 
management of HIV treatment Where speci?c genetic varia 
tions correspond to different forms of drug resistance. To be 
able to monitor this in a single test Would enable much more 
effective management of this disease. Similar considerations 
apply to the treatment of cancers Which also gradually evolve 
drug resistance. 
[0064] Analysis of gene expression has a number of spe 
ci?c issues. Expression analysis typically involves the analy 
sis of RNA species. RNA can be converted to cDNA by 
reverse transcription and numerous methods are knoWn in the 
art (Wang J. et al., Biotechniques 34(2):394-400, “RNA 
ampli?cation strategies for cDNA microarray experiments.” 
2003; Petalidis L. et al., Nucleic Acids Res. 31 (22): e142, 
“Global ampli?cation of mRNA by template-sWitching PCR: 
linearity and application to microarray analysis.” 2003; 
Baugh L. R. et al., Nucleic Acids Res. 29 (5):E29, “Quanti 
tative analysis of mRNA ampli?cation by in vitro transcrip 
tion.” 200 l HoWever, it has been shoWn that target mediated 
ligation of LCPs can be performed With RNA targets directly, 
thus avoiding the need for conversion of RNA to cDNA 
(Nilsson M. et al., Nat Biotechnol. l8(7):79l-793, 
“Enhanced detection and distinction of RNA by enzymatic 
probe ligation.” 2000). Thus in preferred embodiments of this 
invention involving RNA targets, it is preferred that LCPs are 
contacted directly With the target RNA molecules. 
[0065] In preferred embodiments of the second aspect of 
the invention, correctly ligated CCPs are resolved from unre 
acted or incorrectly reacted LCPs by RCR. Target mediated 
ligation of LCPs to form CCPs interlocks the CCP With its 
target. It has been shoWn that RCR does still take place in this 
constrained environment but at a slightly loWer e?iciency 
than free circles (Kuhn H. et al., Nucleic Acids Res. 30(2): 
574-580, “Rolling-circle ampli?cation under topological 
constraints.” 2002) so Where possible it is desirable to sepa 
rate the CCPs from their target prior to RCR. When the target 
species is RNA it is possible to degrade the RNA component 
of an RNA/DNA duplex using RNAse H. Thus in embodi 
ments of this invention Where RCR is to be used, it may be 
preferred that prior to RCR, the CCP/RNA duplexes are 
degraded by contacting them With RNAse H. 
[0066] Finally, in applications Where many thousands of 
RNA species are analysed it is preferable that a large library 
of LCPs is applied in a single reaction and that a captured 
library of CCPs is generated from the RCR reaction as 
described above so that the library can be probed at leisure 
With multiple arrays of mass tagged Probe Detection 
Sequences. 
[0067] Linear Circularising Probes: 
[0068] A Linear Circularising Probe (LCP) of all aspects of 
the present invention comprise tWo Target Recognition 
Sequences (TRSs) Which hybridise to tWo neighbouring 
regions of a target sequence. In the accompanying Figures, 
these are designated TRSl and TRS2. 
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[0069] The siZe of each of TRSl and TRS2 may vary and be 
independent of each other. Usually, one of the TRSs Will be 
designed to detect an allelic sequence, e. g. a target sequence 
Which may be one of tWo of more possibilities at a speci?c 
nucleotide. This may be designated TRSl, though it Will be 
understood that this is an arbitrary designation and TRSl may 
be at the 5' end or the 3' end of the LCP. The present invention 
may be used to determine Which of tWo or more single nucle 
otide polymorphisms (SNPs) is present in a target sequence, 
by using a set comprising a mixture of tWo or more LCPs, 
each of Which has a TRSl speci?c for one SNP and a TRS2 
Which Will usually be identical for each member of a set of 
LCPs. 

[0070] The length of the TRSl and position of the allelic 
nucleotide Will be selected to alloW the TRSl Which is com 
pletely homologous to its target to hybridise to that target 
sequence and be ligated to TRS2 Whilst a TRSl of the same 
set Which differs by only a single residue does not hybridise 
suf?ciently to undergo ligation With TRS2 When the target is 
that for the former TRS l. 
[0071] Typically, the TRSs may be between 15 and 25 
nucleotides in length each, though shorter lengths, eg of 
from 4 or more nucleotides, are not excluded. The precise siZe 
and composition of the TRSs may be selected by a person of 
skill in the art taking into account the speci?c nature of the 
target. 
[0072] After TRSl and 2 have hybridized to the target 
molecule and any missing nucleotides betWeen the LCP ends 
have been ?lled, the probe ends are connected to each other, 
typically by ligation With a ligase, to form a covalently Closed 
CirculariZing Probe (CCP) molecule. Exemplary ligases are 
T4 DNA ligase, T7 DNA ligase, E. coli DNA ligase, and 
T hermus lhermophilus DNA ligase. Alternative Ways of 
effecting such covalent closure may, for example, be achieved 
by use of a catalytic RNA molecule or by chemical ligation. 
[0073] By selecting the probe as Well as the combined 
length of any gap ?lling nucleotides or oligonucleotides prop 
erly, the circular molecule formed Will be Wound around and 
Will interlock With the target molecule. Typically, the circu 
lariZed sequence should be 70 bases or greater for a probe 
comprised entirely of nucleotide linkages. Typically, for a 
nucleotide probe a siZe range of from 70 to 100 nucleotides 
may be used, eg a probe of about 80 or about 90 nucleotides 
in length. 
[0074] A probe comprised of non-nucleotide linkages may 
have different steric limitations and in this Way it may be 
possible to synthesise shorter oligonucleotide probes. It is 
suf?cient, for the purposes of some aspects of the present 
invention, that only the actual TRS segments consist of nucle 
otides or optionally functionally analogous structures that can 
undergo ligation. The remainder of the LCP may have another 
chemical composition, comprising, for example, residues 
selected from peptides or proteins, carbohydrates or other 
natural or synthetic polymers. Such an intermediate structure 
of non-nucleotide nature may even be preferred With regard to 
stability and ease of introducing-labels or tags, and also since 
a non-nucleotide intermediate structure Will not exhibit a 
secondary structure or cause mishybridiZation. 

[0075] If, hoWever, the probe structure does comprise only 
nucleic acid, the combined lengths of the component 
sequences of each LCP should preferably be such that the 
strands Will leave the double helix on the same face 10 or a 
multiple of 10 bases apart, 10 bases representing approxi 
mately one turn of the DNA double helix. 
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[0076] Leaving a gap of one or more nucleotides between 
TRS1 and TRS 2 may be advantageous as the gap ?lling step 
can improve speci?city of the recognition reaction, but a gap 
is not critical and the method of the invention may be per 
formed Without it just as effectively, i.e. that TRS1 and 2 are 
designed to in immediate juxtaposition on the target mol 
ecule, Whereupon the tWo ends can be directly ligated to 
circularize the LCP to form a CCP. 

[0077] Typically oligonucleotides for use as LCPs Will be 
linear polymers of nucleotides and for many of the embodi 
ments of this invention, this is preferred. It is hoWever pos 
sible to introduce branched structures into nucleic acids, pro 
ducing Y-shaped and comb-shaped branched structures (see 
for example Reese C. B. & Song Q., Nucleic Acids Res. 
27(13):2672-2681, “A neW approach to the synthesis of 
branched and branched cyclic oligoribonucleotides.” 1999; 
Horn T. et al., Nucleic Acids Res. 25(23):4835-4841, “An 
improved divergent synthesis of comb-type branched oligo 
deoxyribonucleotides (bDNA) containing multiple second 
ary sequences.” 1997; Braich R. S. & Damha M. 1., Bioconjug 
Chem. 8(3):370-377, “Regiospeci?c solid-phase synthesis of 
branched oligonucleotides. Effect of vicinal 2',5'- (or 2',3'-) 
and 3',5'-phosphodiester linkages on the formation of hairpin 
DNA.” 1997; Horn T. & Urdea M S., Nucleic Acids Res. 
17(17):6959-6967, “Forks and combs and DNA: the synthe 
sis of branched oligodeoxyribonucleotides.” 1989). 
[0078] Branched oligonucleotides are sometimes used to 
enable signal ampli?cation Without resorting to nucleic acid 
ampli?cation, particularly comb-oligonucleotides in Which a 
primary sequence speci?c linear oligonucleotide is linked to 
a series of secondary oligonucleotides (Horn T. et al., Nucleic 
Acids Res. 25(23):4842-4849, “Chemical synthesis and char 
acterization of branched oligodeoxyribonucleotides (bDNA) 
for use as signal ampli?ers in nucleic acid quanti?cation 
assays.” 1997). Thus in those aspects of the present invention 
in Which the LCPs comprise a probe detection sequence, the 
LCPs may have a primary sequence Which comprises the TRS 
sequences of the circularising probe and secondary oligo 
nucleotides branched off the primary sequence, preferably all 
comprising an identical sequence, Which act as the probe 
identi?cation sequence. After circularisation of the primary 
sequence and removal of unreacted probes, the circularised 
sequence can be probed With mass tagged Probe Detection 
Sequences. Since the comb structure alloWs multiple Probe 
Identi?cation sequences to be incorporated into a probe of 
this invention, this enables signal ampli?cation Without 
requiring ampli?cation of the target sequence or the probe 
sequence. 

[0079] The quantity of covalently circularized probe may 
be increased by repeating the cyclizing and dehybridizing 
steps one or more times. Thereby, multiple allele-speci?c 
LCPs Will ?nd and be ligated to form CCPs on target mol 
ecules. It is Worth noting that When these reaction steps are 
repeated, it is possible that under appropriate conditions the 
same target sequence Will mediate closure of multiple LCPs 
to form CCPs as the CCPs can become threaded on the target 
molecule. This is because the CCPs Will move, or Wander, to 
some extent along the target molecule during the dehybridiz 
ing step, making the target sequence available for a reneWed 
hybridization by a non-circularized probe. If non-hybridising 
conditions are to be used to separate CCPs from unreacted 
and incorrectly ligated LCPs, and if multiple probe hybrid 
ization and closure cycles are to be used, it is, of course, 
necessary that the target molecule is reasonably large and that 
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the target sequence is at a su?icient distance from the ends of 
the target molecule that the CCPs remain linked to the target 
molecule. For practical purposes, the target sequence should 
be at least about 200 base pairs from the nearest end depend 
ing on Whether and hoW the target sequence is bound to a solid 
phase support. If the target sequence is free in solution, a 
longer distance may be required, especially in the case of 
long-lasting denaturing Washes. 
[0080] There are a number of advantages to gained by 
employing LCPs that can form covalently closed circular 
molecules upon correct hybridization to their target nucleic 
acids rather than detecting conventional labelled linear 
probes: First, each target requires only a single, synthetic 
probe molecule. Second, the ligation reaction provides high 
speci?city of detection, since allelic sequence variants can be 
distinguished by the ligase. Third, the circularization of cor 
rectly hybridised probes provides a number of Ways by Which 
correctly matched probes can be distinguished from incor 
rectly matched probes: CCPs catenate With the target 
sequences, thereby becoming substantially insensitive to 
denaturants, the ends of the CCP become unavailable to exo 
nuclease digestion and CCPs can mediate Rolling Circle Rep 
lication. 
[0081] Finally, the simultaneous presence of tWo terminal 
probe sequences on one molecule confers kinetic advantages 
in the hybridization step. 
[0082] Illustrated in FIG. 1 is a Linear Circularising Probe 
(LCP) according to the ?rst aspect of this invention in Which 
the probe is directly conjugated to a mass tag. The tWo termini 
of the probe comprise the Target Recognition Sequence 
(TRS) portion of the probe. The 3' terminus of the probe 
preferably comprises a free hydroxyl group While the 5' 
hydroxyl group is preferably phosphorylated. FIG. 2 illus 
trates the same directly labeled probe hybridized to a target 
nucleic acid sequence, such as a DNA strand, via tWo TRS 
end segments of the probe, designated TRS 1 and TRS 2. 
TRS1 and TRS 2 are complementary to tWo respective almost 
contiguous sequences of the target molecule. A small gap is 
shoWn betWeen the TRS segments. This gap may simply be a 
missing phosphodiester linkage or it may comprise a gap of 1 
or more nucleotides. If the gap comprises a space of one or 

more nucleotides, it may be bridged by a second oligonucle 
otide probe or it may be ?lled by polymerase activity in the 
presence of the necessary nucleotide triphosphates. 
[0083] If the target nucleic acid is suf?ciently large, the 
CCP molecule Will remain linked to the target molecule even 
under conditions that Would release or degrade any hybrid 
ized non-cyclized LCPs. This is one Way in Which a circular 
ization reaction produces a selectively detectable species, 
indicating the presence of the target molecule in a sample. 
Conditions that Will denature or degrade a hybridized but 
non-cyclized probe include heat, alkali, guanidine hydrochlo 
ride, urea and other chemical denaturants or exonuclease 
activity, the latter degrading the free ends of any unreacted 
LCPs. 

[0084] Gap-Filling: 
[0085] As described above the TRS portions of an LCP can 
be designed to hybridize to a target sequence so that there is a 
small gap betWeen the tWo TRS termini. This gap may be 
?lled by extending the 3' TRS using a polymerase and 1 or 
more nucleotide triphosphates or, if the gap is suf?ciently 
large it may be ?lled by one or more ‘Gap Oligonucleotides’. 
The principles and procedures for gap-?lling ligation are Well 
knoWn in the art as they are used in the method of ‘gap LCR’ 
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(Wiedmann et al., “PCR Methods and Applications” pub 
lished by Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor Laboratory, NY, pages S51-S64, 1994; Abravaya et 
al., Nucleic Acids Res., 23(4):675-682, 1995; European 
Patent Application EP0439182, 1991). In the “gap LCR” 
processes described in these publications, the gap-?lling 
methods are applied to alloW the ligation of tWo independent 
nucleic acid probes but these gap-?lling are equally appli 
cable to LCPs. 

[0086] Hybridisation of LCPs With gaps, folloWed by gap 
?lling prior to ligation is advantageous as it provides higher 
stringency as multiple independent steps have to take place 
for correct closure of an LCP to form a CCP. Since these steps 
are unlikely to occur by chance, gap-?lling offers a means for 
enhancing discrimination betWeen closely related target 
sequences. Gap-?lling should be performed With a different 
DNA polymerase from the polymerase used for rolling circle 
replication discussed later, and this polymerase Will be 
referred to herein as a gap-?lling DNA polymerase. Suitable 
gap-?lling DNA polymerases are discussed in more detail 
later but in short When they extend the TRS from the 3' end of 
a hybridised LCP, they should not displace the hybridised 
TRS from the 5' end of the LCP. HoWever, When the gap 
betWeen the tWo TRS regions of an LCP is only a single 
nucleotide, then only the correct expected nucleotide needs to 
be added to alloW extension of the 3' TRS to ?ll the gap. As 
long as the next base is not the same as the missing nucleotide, 
then most DNA polymerases can be used to ?ll the gap. This 
missing base is sometimes referred to as a “stop base”. The 
use of “stop bases” in the gap-?lling operation of LCR is 
described in European Patent Application EP0439182, for 
example. The principles of the design of gaps and the ends of 
?anking probes to be joined, as described in EP0439182, are 
generally applicable to the design of the gap spaces betWeen 
the ends of the TRS portions of the LCPs of this inventions. 
[0087] In embodiments of this invention Which use rolling 
circle replication, it is possible for the gap-?lling polymerase 
to interfere With rolling circle replication. To avoid this, the 
gap-?lling DNA polymerase can be removed by extraction or 
inactivated With a neutraliZing antibody prior to performing 
rolling circle replication. Such inactivation is analogous to 
the use of antibodies for blocking Taq DNA polymerase prior 
to PCR (Kellogg et al., Biotechniques 16(6): 1134-1137, 
1994). More preferably, as shoWn in FIGS. 5a and 5b, after 
hybridization, gap-?lling and ligation of LCPs to form CCPs, 
the CCPs (and any unreacted and incorrectly reacted LCPs) 
can be captured onto a solid phase support by a tethered 
oligonucleotide. The capture step can also be performed With 
a biotinylated oligonucleotide, Which can be subsequently 
captured onto an avidinated solid support. The gap-?lling 
polymerase can then be removed by Washing the solid support 
and disposing of the liquid phase. Similarly, if the target 
sequence is captured onto a solid support, ligation of LCPs to 
form CCPs Will leave the CCPs catenated With the target 
sequence and thus locked onto the solid support. This means 
that after ligation, both the gap-?lling polymerase and unre 
acted LCPs can be Washed aWay. 

[0088] Directly Labelled Circularising Probes: 
[0089] FIGS. 1, 2, 4a and 4b, schematically shoW an 
embodiment of this invention in Which directly labelled 
probes are used. In FIGS. 4a and 4b a method for resolving 
correctly circularised probes from unreacted probes is shoWn. 
In these ?gures, the method is shoWn for tWo probes that 
recognise different alleles of a single target sequence. Each 
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probe, designated Linear Circularising Probe 1 and Linear 
Circularising Probe 2, is covalently linked to and identi?ed by 
a unique mass marker. After contacting LCP 1 and LCP 2 With 
the target sequence, only LCP 1 is capable of hybridising With 
the target to form a ligatable complex and so in the presence 
of ligase only LCP 1 is ligated to from a Closed CirculariZed 
Probe (CCP). The unreacted LCP 2 and any remaining LCP 1 
can then be degraded by exonuclease activity While CCP 1 is 
protected by virtue of being circular. The gene 6 exonuclease 
of phage T7 provides a useful tool for the elimination of 
excess LCPs and any unreacted gap oligonucleotides. This 
exonuclease digests DNA starting from the 5'-end of a 
double-stranded structure. It has been used successfully for 
the generation of single-stranded DNA after PCR ampli?ca 
tion (HolloWay et al., Nucleic Acids Res. 21 :3905-3906 
(1993); Nikiforov et al., PCR Methods and Applications 
3:285-291 (1994)). If a ‘capture’ sequence is incorporated 
into the LCP design, the surviving CCP 1 can be captured 
onto a solid phase support. The support can then be Washed 
and in this Way exonuclease digested LCP 2 and unreacted 
LCP 1, Which cannot hybridise to the solid support, can be 
separated from the captured CCP 1 . After Washing aWay LCP 
2 and its corresponding tags, the tags on CCP 1 can be cleaved 
from the CCP molecule. If the tags are linked via a trypsin 
cleavable linkage the tags can be easily cleaved by this 
enZyme. The solution phase containing the tags can then be 
injected into a mass spectrometer for detection of the tags. 

[0090] Although only tWo tags have been shoWn in the 
schematic diagram in FIGS. 4a and 4b, many thousands of 
different LCPs can be used together as has been demonstrated 
previously (Hardenbol et al., Nature Biotechnology 21 (6) 
pages 673-678, 2003). 
[0091] In a further embodiment of this aspect of the inven 
tion, shoWn schematically in FIGS. 7a and 7b. Mass Tagged 
LCPs may be designed With a cleavable group in them. The 
cleavable group is positioned betWeen the tag and the portion 
of the LCP that Will alloW it to be captured onto the solid 
support. In FIG. 7a, it can be seen that a capture sequence is 
present alloWing the LCP to be captured by hybridisation to a 
tethered or biotinylated oligonucleotide. It Would also be 
possible to directly biotinylate the LCPs. The presence of the 
cleavable group means that CCPs may be cleaved after their 
formation from LCPs. The cleavage step may take before or 
after the CCPs are capture onto a solid phase support. In FIG. 
7b the cleavage is shoWn taking place before the capture step. 
The cleavage step ensures that the tagged portion of any 
unreacted LCPs is not retained on the solid support, as the 
tagged portion of the LCP is only linked to the capture 
sequence by the cleavable group. The ligation of LCPs to 
form CCPs means that the tag is linked through the ligated 
portion of the probe so that after the cleavage step the mass 
tags remain linked to the capture sequence (or biotinylated 
portion) of the probe. In this Way, tags Will only be captured 
for correctly closed CCPs alloWing the tags from unreacted 
LCPs to be Washed aWay as shoWn in FIG. 7b. 

[0092] The cleavable group may be a type IIS restriction 
endonuclease recognition sequence, in Which case the cap 
ture sequence may also serve as the cleavage site by providing 
the restriction sequence. In this situation, the tethered or 
biotinylated oligonucleotide is preferably hybridised With the 
LCPs and CCPs prior to cleavage to form a double stranded 
substrate for the restriction endonuclease. Alternatively, the 
cleavable group my be chemically cleavable. Replacement of 
one of the phosphodiester linkages in the backbone of an LCP 
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With 3'-(N)-phosphoramidate or a 5'-(N)-phosphoramidate, 
results in a linkage that is more susceptible to acid hydrolysis 
than the rest of the probe. Alternatively, a uracil residue can be 
incorporated into the phosphodiester backbone. This residue 
is a substrate for the enzyme uracil deglycosylase, Which 
depurinates this residue. The depurinated residue is then 
much more susceptible to hydrolysis than the rest of the probe 
molecule. 
[0093] Indirect Detection of Circularising Probes: 
[0094] In an alternative preferred embodiment of this 
invention, each different LCP of this invention comprises a 
unique Probe Identi?cation (PI) sequence by Which it can be 
identi?ed through hybridisation With an appropriate Probe 
Detection Sequence that is labelled With a unique mass tag. 
[0095] PI sequences are incorporated in the intermediate 
region of an LCP. Each PI sequence should uniquely identify 
its LCP. The PI Sequence is designed to alloW detection by a 
corresponding mass tagged Probe Detection Sequence 
(PDS). The PI sequences, When ampli?ed during Rolling 
Circle replication, result in tandemly repeated sequences that 
are complementary to the sequence of the mass tagged PDS 
probes. It may be desirable to have tWo or more PI sequences 
on an LCP as these Will increase the signal from correctly 
hybridised mass-tagged PDS probes. There is no theoretical 
limit to the number of PI sequences that can be present in an 
LCP except the practicality of synthesizing and using very 
large LCPs comprising large numbers of PI sequences. When 
there are multiple PI sequences, they may have the same 
sequence or they may have different sequences, With each 
different sequence complementary to a different PDS probe. 
It is preferred that an LCP contain PI sequences that have the 
same sequence such that they are all complementary to a 
single PDS probe. The PI sequences can each be any length 
that supports speci?c and stable hybridization betWeen the PI 
sequences and PDS probes. For practical purposes, a length of 
10 to 35 nucleotides is preferred, With a length of 15 to 25, for 
example 15 to 20, nucleotides long being most preferred. 
[0096] Similarly, the PDS sequences should have a length 
that is similar to the PI sequences. 

[0097] In one embodiment, the Probe Detection Sequence 
may also be a branched oligonucleotide. For example, the 
PDS may comprise multiple sequences complementary to its 
Probe Identi?cation sequence, in addition to comprising a 
mass tag. Such a PDS may be in the form of a Y-shaped 
oligonucleotide of a structure described by Suzuki Y. et al. 
(Nucleic Acids Symp Ser. 2000;(44): 125-126, “Synthesis 
and properties of a neW type DNA dendrimer.”) comprising 
three copies of the PDS. A second Y-shaped branched oligo 
nucleotide comprising three copies of the Probe Identi?cation 
sequence When added to the tripartite PDS probe Will 
assemble a dendrimer in Which very large numbers of copies 
of the PDS, and consequently its associated mass tag Will be 
present. If the tripartite PDS sequence is present in excess, 
then the dendrimer Will have free PDS sequences available for 
hybridization to the Probe Identi?cation sequences present in 
correctly circularized CCPs. In this Way a very substantial 
signal ampli?cation can be achieved Without amplifying the 
target nucleic acid or CCPs. 
[0098] FIGS. 5a and 5b illustrate an embodiment of the 
invention in Which LCPs are identi?ed after closure by the 
ability of CCPs to be selectively ampli?ed by Rolling Circle 
Replication. In FIG. 5a, a schematic of a method of detecting 
DNA sequence variants is illustrated in Which a pair of LCPs 
that identify different alleles of a DNA sequence are used. The 
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LCPs in this assay are identi?able by their unique Probe 
Identi?cation sequences. In FIG. 5a, a preferred embodiment 
of the invention is illustrated for a pair of probes that detect 
different variants of a single target molecule. In the ?rst step, 
the pair of LCPs are contacted With their target sequence. 
Only one of the LCPs matches the target sequence correctly 
and hybridises to form a duplex, so that in the next step 
ligation only occurs at this correctly hybridised duplex con 
verting the LCP into a CCP. This circular sequence is noW a 
substrate for Rolling Circle Replication. 
[0099] In some embodiments of this aspect of the invention, 
the unreacted LCPs can be degraded by exonuclease, but this 
is not shoWn in FIGS. 5a and 5b. In the next step, hybridisa 
tion of a captured primer With the CCP takes place to form a 
CCP/primer duplex. In the next step, polymerase extends the 
primer generating a tandem repeated sequence complemen 
tary to the CCP Where the tandemly repeated complement is 
captured on a solid phase support. In alternative embodiments 
that primer sequence may be biotinylated rather than linked 
directly to a bead. In this sort of embodiment, the biotinylated 
product of the linear extension of the primer can then be 
captured onto an avidinated solid phase support after the 
extension reaction. The captured tandem repeat sequences 
also contain the complement of the Probe Identi?cation (PI) 
sequences present in the LCP sequence. In the ?nal steps of 
the assay shoWn in FIG. 5b, these complements of the PI 
sequences are probed With mass tagged Probe Detection 
Sequences. Since the targets of the PDS probes are captured 
on a solid phase support, the correctly hybridised PDS probes 
Will be captured onto the support by the hybridisation reac 
tion alloWing unhybridised PDS probes to be Washed aWay. 
After Washing aWay unhybridised PDS probes, the mass tags 
on the correctly hybridised PDS probes can be cleaved off for 
subsequent detection by mass spectrometry. 
[0100] Captured Libraries: 
[0101] Although only tWo tags have been shoWn in the 
schematic diagram in FIGS. 5a and 5b, many different LCPs, 
such as several hundred or even more than a thousand can be 

used together as has been demonstrated previously (Harden 
bol et al., Nature Biotechnology 21 (6) pages 673-678, 2003). 
If many thousands of probes Were used in the assay shoWn in 
FIGS. 5a and 5b, the result of the Rolling Circle Replication 
step in Which the circularised probes sequences are copied 
onto beads Will generate a ‘captured library’ of circularised 
probes that represents information in the probed sample. Cap 
tured Libraries have a number of advantages. After appropri 
ate Washing steps the library can be archived for future analy 
sis. In addition, the library can be probed multiple times With 
the same mass tagged PDS probes to give signal ampli?ca 
tion. In some embodiments of this aspect of the invention the 
captured library is probed in multiple sequential assays rather 
than in a single step using multiple distinct libraries of mass 
tagged PDS probes. In this Way the same tags can be used to 
detect different Probe Identi?cation sequences in the Cap 
tured Library. Thus, the use of Captured Libraries is an espe 
cially preferred embodiment of this invention. For the pur 
poses of archiving Captured Libraries, it may be desirable to 
synthesise the captured libraries With exonuclease resistant 
nucleotide analogues that are compatible With polymerases 
such as boranophosphate nucleotides, or alpha-thio deoxy 
nucleotide tripho sphates. 
[01 02] Similarly, for long term storage, it may be preferable 
to generate captured libraries With covalently tethered oligo 
nucleotides rather than With biotinylated oligonucleotides 
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that are later captured onto avidinated beads to avoid the risk 
of sample loss by dissociation of the non-covalent biotin/ 
avidin complex. 
[0103] Rolling Circle Replication: 
[0104] In preferred embodiments of the second aspect of 
the invention, rolling circle replication is applied to CCPs 
generated by target mediated ligation of LCPs. To effect 
Rolling Circle Replication (RCR) the circular single 
stranded CCP DNA molecules are contacted With Rolling 
Circle Primers (RCPs) that hybridise to Primer Binding Sites 
in the CCPs. Extension of the RCPs by a strand displacing 
polymerase Will result in tandem repeats of the complement 
of the CCP sequence as shoWn in FIGS. 5a and 5b. It can be 
seen from FIGS. 5a and 5b that in preferred embodiments the 
RCP is immobilized on a solid phase support or it is capable 
of being immobilized on a solid support after extension and 
Rolling Circle Replication of hybridised CCPs, by using a 
biotinylated RCP for example. 
[0105] Speci?cally FIGS. 5a and 5b shoW a schematic of a 
method comprising the folloWing steps: 
[0106] (a) mixing one or more Linear Circularising Probes 
(LCP) With a target nucleic acid under conditions promoting 
hybridization, resulting in LCP-target duplexes, 
[0107] (b) contacting the LCP-target duplexes With a 
ligase, resulting in a ligation mixture, and incubating the 
ligation mixture under conditions promoting ligation of the 
LCPs to form CCPs, 
[0108] (c) contacting a rolling circle primer (RCP) under 
conditions that promote hybridization With the ligation mix 
ture, resulting in a RCP-CCP duplex, 
[0109] (d) contacting the RCP-CCP duplex With a DNA 
polymerase under conditions promoting extension of the 
RCP to produce the complement of the CCP sequence, such 
that continuous extension of the RCP results in formation of 
tandem repeats of the complement of the CCP sequence. 
[0110] Although FIGS. 5a and 5b shoW a schematic of an 
embodiment in Which only 2 LCPs are present, thousands of 
LCPs may be present in a single reaction. Those LCPs that are 
ligated to form CCPs Will be able to support RCA and thus 
Will generate captured tandem repeats of their complement on 
a solid support. The solid support bound complement 
sequences for a number of different CCPs Will be referred to 
as a Captured CCP Library. 
[0111] In different embodiments of the second aspect of 
this invention, the Target Recognition Sequences may hybrid 
ize to the target nucleic acid sequence, With or Without a 
central gap to be ?lled by one or more gap nucleotides or 
oligonucleotides. 
[0112] For the purposes of Rolling Circle Replication 
(RCR) each LCP should comprise a Primer Binding 
Sequence (PBS). The PBS is complementary to the rolling 
circle primer (RCP). Each LCP should have at least one PBS, 
although if the LCPs are small, ie less than 100 nucleotides 
in length then preferably only a single PBS should be present. 
This alloWs rolling circle replication to initiate at a single site 
on CCPs. The primer complement portion and the corre 
sponding rolling circle primer can have any desired sequence 
as long as they are complementary to each other. In general, 
the sequence of the PBS and the RCP shouldbe chosen so that 
they are not signi?cantly similar to any other portion of the 
LCP or any LCP in the library, When multiple LCPs are used 
together. The PBS canbe any length that supports speci?c and 
stable hybridization betWeen the PBS and the RCP. For this 
purpose, a length of 10 to 35 nucleotides is preferred, With a 

Jun. 18, 2009 

primer complement portion 16 to 20 nucleotides long being 
most preferred. The PBS can be located anyWhere Within the 
spacer region of an OCP. It is preferred that the PBS is 
adjacent to the 5' TRS, With the TRS and the PBS preferably 
separated by three to ten nucleotides, and most preferably 
separated by six nucleotides. 
[0113] This location prevents the generation of any other 
spacer sequences, such as detection tags and secondary target 
sequences, from unligated LCPs during DNA replication. 
[0114] A rolling circle primer (RCP) is an oligonucleotide 
having sequence complementary to the primer binding 
sequence of an LCP or CCP. This sequence is referred to as 
the complementary portion of the RCP. The complementary 
portion of a RCP and the cognate Primer Binding Sequence 
can have any desired sequence so long as they are comple 
mentary to each other. In general, the sequence of the RCP 
can be chosen such that it is not signi?cantly complementary 
to any other portion of the LCP or CCP. The complementary 
portion of a rolling circle replication primer can be any length 
that supports speci?c and stable hybridization betWeen the 
primer and the primer complement portion. Generally this is 
10 to 35 nucleotides long, but is preferably 16 to 20 nucle 
otides long. 
[0115] It is preferred that rolling circle replication primers 
also contain additional sequence at the 5' end of the RCP that 
is not complementary to any part of the LCP or CCP. This 
sequence is referred to as the Displacement region of the RCP. 
The Displacement region is located at the 5' end of the primer 
and serves to facilitate strand displacement during Rolling 
Circle Replication. The displacement region is typically a 
short sequence, preferably from 4 to 8 nucleotides long, and 
simply provides an unhybridised region of already displaced 
sequence that assists the strand displacing polymerase to start 
displacing the extended RCP. 
[0116] In some embodiments of the Rolling Circle aspects 
of this invention, gene 6 exonuclease of phage T7 can be 
added after the ligation reaction, together With the DNA poly 
merase to be used to effect Rolling Circle Replication. To 
protect the Rolling Circle Replication product from degrada 
tion, the rolling circle primer can be composed of a feW 
phosphorothioate linkages at the 5' end, to make the Rolling 
Circle Primer and its extension products resistant to the exo 
nuclease (Nikiforov et al. (1994)). The exonuclease Will 
degrade excess LCP molecules as they canbecome associated 
With the rolling circle DNA product and interfere With hybrid 
ization of PDS probes. The use of exonuclease digestion is a 
preferred method of eliminating unreacted LCPs and gap 
oligonucleotides. 
[0117] Hyper-Branching Rolling Circle Replication: 
[0118] Contacting a circular template With a single initiat 
ing primer and an appropriate polymerase results in linear 
Rolling Circle Replication and produces a linear tandemly 
repeated complementary copy of the circular template. If a 
second primer is present in the reaction, that is complemen 
tary to a site in the linear tandemly repeated copy of the 
circular template, this Will bind to the tandemly repeated 
sequence at multiple locations and Will initiate further repli 
cation. Since the second primer Will bind at multiple loca 
tions, extension that initiates upstream of a primer Will dis 
place the extension product of that primer providing a linear 
single stranded template that alloWs further binding and 
extension of the initiating primer. This sort of reaction, there 
fore, gives rise to geometric ampli?cation of the circular 
template and is sometimes referred to as hyper-branching 
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RCR and Will be referred to in this Way in this application. 
This is a homogenous geometric ampli?cation reaction and 
may be advantageous for use With this invention. For a fuller 
discussion on this sort of technique, see Zhang D. Y. et al. 
(Gene. 274 (1 -2):209-21 6, “Detection of rare DNA targets by 
isothermal rami?cation ampli?cation.” 2001) or Lizardi P. M. 
et al. (Nat Genet. 19(3):225-32. “Mutation detection and 
single-molecule counting using isothermal rolling-circle 
ampli?cation.” 1998). 
[0119] Accordingly, the use of a hyper-branching RCR 
reaction may be used in the present invention in order to 
provide a means of amplifying the probe identi?cation 
sequence following ligation of a LCP. 
[0120] Microarrays: 
[0121] In further preferred embodiments of this invention, 
the LCP sequences comprise a Microarray Address Sequence 
in the intermediate region of the probe. A Microarray address 
sequence Will have a sequence that is complementary to an 
oligonucleotide at a speci?c discrete location on a planar 
array. 
[0122] In embodiments of the invention in Which directly 
labeled LCPs are used, it is possible to hybridise CCPs that 
form as a result of template mediated ligation to a microarray. 
The Microarray Address Sequence Will thus ensure that each 
CCP hybridizes to a discrete location on the microarray. In 
this Way a combination of distinct Microarray Address 
Sequences and Mass tags can encode a very large number of 
LCPs that Will then be uniquely identi?able by a unique 
combination of their Microarray Address Sequence and their 
Mass Tag. For example 1000 discrete Microarray Address 
Sequences, corresponding to 1000 discrete locations on a 
microarray, combined With 400 distinguishable Mass Tags, 
Will alloW 400 000 different LCPs to be uniquely identi?ed in 
a single assay providing an unprecedented level of multiplex 
ing in a single assay. 
[0123] In alternative embodiments, in Which LCPs are 
detected through a Probe Identi?cation Sequence, Which is 
distinct from the Microarray Address Sequence, the Microar 
ray Address Sequence can be used to ensure that subsets of 
CCPs in a library of CCPs hybridise to distinct locations on 
the array. After hybridization, the correctly hybridised 
microarray probe sequence can be extended using an appro 
priate polymerase to effect rolling circle replication of the 
hybridised CCPs. Thus, the Microarray Address Sequence is 
also acting as the binding site for a Rolling Circle Primer, 
Which happens to be immobilized at a discrete location on a 
planar array surface. In this Way, a spatially resolved Cap 
tured Library of CCP sequences can be generated. The cap 
tured library can then be probed by hybridization With PDS 
sequences that recognize the Probe Identi?cation sequence 
complements generated by the Rolling Circle replication that 
takes place at each array location. 
[0124] After hybridization of directly labeled LCPs or after 
Rolling Circle Replication and hybridization of PDS 
sequences to the microarray, the microarray can then be 
treated With a MALDI matrix material such as 3-hydroxypi 
colinic acid or alpha-cyano-cinnamic acid. Having prepared 
the microarray in this Way it can be loaded into a MALDI 
based mass spectrometer and the cleaved tags can be des 
orbed from discrete locations on the array by application of 
laser light to the desired location on the array. 
[0125] In one aspect the invention thus provides a microar 
ray comprising from 96 to 1000 discrete locations, such as 
from 96 to 500 discrete locations, each location comprising a 
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discrete microarray address sequence complement. In 
another aspect, the invention provides a kit comprising such a 
microarray together With a set of circularising probes of the 
invention, Wherein each member of the set of circularising 
probes comprises a discrete microarray address sequence 
Which is capable of hybridizing to a microarray address 
sequence complement in the microarray. 
[0126] In these microarray embodiments of the invention, 
appropriate methods for cleaving the tags from their associ 
ated probes on the array must be used. In one preferred 
approach, the tags are linked to their associated probes 
(linked either directly to LCPs or linked to PDS probes) 
through a photocleavable linker. This means that cleavage of 
the tags can take place at discrete locations on the array by 
exposure to light of the appropriate frequency. This light can 
be applied to the Whole array prior to analysis by exposing the 
array to an intense light source. Alternatively, in a MALDI 
mass spectrometer, the laser used for desorption can be used 
to cleave the tags. 
[0127] In an alternative embodiment, an acid cleavable 
linker can be used. Since most MALDI matrix materials are 
acidic, addition of the matrix Will effect cleavage of the mass 
tags. In a further embodiment, the entire probe label complex 
can be desorbed, and cleavage of the tags can take place by 
collision using Post Source Decay in a Time-Of-Flight mass 
spectrometer or in the mass analyzer of an ion trap instrument 
or in a collision cell in alternative geometries that are used 
With MALDI, such as the Q-TOF geometry. 
[0128] Practically speaking a microarray could comprise 
an array of Wells on microtitre plates, for example, such that 
each Well contains a single immobilised oligonucleotide that 
is a member of the array. In this situation a sample of the 
pooled reactions is added to each Well and alloWed to hybri 
dise to the immobilised oligonucleotide present in the Well. 
After a predetermined time the unhybridised DNA is Washed 
aWay. The hybridised DNA can then be melted off the capture 
oligonucleotide. The released DNA can then be loaded into a 
capillary electrophoresis mass spectrometer or it can be 
injected into the ion source of a mass spectrometer. 

[0129] Equally, and preferably, the array could be synthe 
sised combinatorially on a glass ‘chip’ according to the meth 
odology of Southern or that of Affymetrix, Santa Clara, Calif. 
(see for example: A. C. Pease et al. Proc. Natl. Acad. Sci. 
USA. 91, 5022-5026, 1994; U. Maskos and E. M. Southern, 
NucleicAcids Research 21, 2269-2270, 1993; E. M. Southern 
et al, Nucleic Acids Research 22, 1368-1373, 1994) or using 
related ink-j et technologies such that discrete locations on the 
glass chip are derivitised With one member of the hybridisa 
tion array. 
[0130] Polymerase Chain ReactionAmpli?cation of CCPs: 
[0131] In another preferred embodiment of this invention, 
correct closure of LCPs to form CCPs is detected by Poly 
merase Chain Reaction. In this embodiment the LCPs must 
comprise a pair of PCR Primer Binding Sequences (PPBS). 
The PPBS sites are preferably oriented so that the ?rst primer 
must copy across the ligation junction that is formed When the 
LCP state of the probe is converted to the CCP by target 
mediated ligation. This means that the second PBS site does 
not become accessible to its primer unless the correct ligation 
event has taken place. 
[0132] FIGS. 6a and 6b illustrate an embodiment of PCR 
based assay for the detection probe circularization using mass 
tags. These ?gures illustrate the assay for a pair of probes but 
in practice many thousands of probes could be used simulta 
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neously. In the ?rst stage of the assay the pair of LCPs are 
hybridised With their target. Ligation leads to closure of only 
one correctly hybridised probe. The probes are captured onto 
a solid phase support by an oligonucleotide that also com 
prises a restriction site for a type II restriction endonuclease. 
Cleavage of the captured probes by the endonuclease results 
in the formation of a linear structure in Which parts of the LCP 
sequence have been rearranged. A similar process, using 
uracil deglycosylase to cleave the circularized probes, is 
described by Hardenbol et al. in Nature Biotechnology 21 (6) 
pages 673-678, 2003 and is referred to as ‘molecular inver 
sion’. This results in the PPBS sites being in the correct 
orientation to enable exponential ampli?cation of the CCPs 
only in the rearranged probes that have been correctly ligated 
by target mediated ligation. In FIG. 6b, the primer sequences 
are added along With Mass tagged Probe Identi?cation 
Complement sequences. PCR is then effected With a thermo 
stable polymerase With 5' to 3' exonuclease activity, Which 
Will release mass tags from correctly hybridised Probe Iden 
ti?cation Complement sequences during the PCR reaction as 
shoWn in FIG. 60. After the PCR reaction the released mass 
tags can be analysed by mass spectrometry. 
[0133] Target Nucleic Acids: 
[0134] Since the circularising probes, described in the 
present invention provide high speci?city, it should be pos 
sible to detect the location of a unique sequence in total 
vertebrate DNA, particularly Human DNA. Other nucleic 
acid targets include bacterial DNA, viral DNA and/or RNA 
and expressed RNA from prokaryotes and eukaryotes. 
[0135] In addition, the target nucleic acid library to be 
characterised by the methods and reagents of this invention 
may, for example, be DNA cloned in an M13 vector, or in a 
plasmid or phagemid vector that permits the excision of 
inserts as circular plasmids. 
[0136] The target nucleic acid molecule, Which may be 
DNA or RNA and Which contains the speci?c sequence to be 
detected, should have a su?icient length to ensure that it can 
form a double helix, Which is required for the circularized 
probe to interlock or catenate With the target molecule. 
[0137] The target molecule may be a free molecule, but in 
some preferred embodiments of this invention, the target 
nucleic acids may be immobilized on a solid phase support. 
[0138] Circularising probes can also be used for ‘in situ’ 
hybridization to tissue slices. With this sort of target, ligation 
of the LCPs to form CCPs Will leave the probes ?rmly linked 
to their target sequences, thus alloWing extensive Washing to 
be performed. This Washing Will remove any circles that may 
have been formed by non-target-directed ligation, While 
circles ligated on-target are impossible to remove because 
they are topologically trapped (Nilsson et al. (1994)). 
[0139] Reagents: 
[0140] The methods of this invention require a variety of 
reagents, Which are discussed in detail beloW. 

[0141] Oligonucleotide Synthesis: 
[0142] LCPs, gap oligonucleotides, rolling circle primers, 
PCR primers, mass tagged Probe Detection Sequences and 
any other oligonucleotides can be synthesized using standard 
oligonucleotide synthesis methods knoWn in the art. Pre 
ferred methods are purely synthetic methods, for example, by 
the cyanoethyl phosphoramidite method (Beaucage and 
Caruthers, Tetrahedron Lett. 22: 1859-1862 (1981); McBride 
and Caruthers, Tetrahedron Lett. 24: 245-248 (1983)). Syn 
thetic methods useful for making oligonucleotides are also 
described by Ikuta et al., Ann. Rev. Biochem. 53:323-356 
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(1984), (phosphotriester and phosphite-triester methods), 
and Narang et al., Methods Enzymol., 65:610-620 (1980), 
(phosphotriester method). PNA molecules can be made using 
knoWn methods such as those described by Nielsen et al., 
Bioconjug. Chem. 5:3-7 (1994). 
[0143] Since the circularizing probes of this invention are 
typically comprised of a series of distinct sequence compo 
nents, such as a pair of TRS sequences separated by and 
intermediate sequence Which is common to all probes, 
although it may comprise a unique probe identi?cation 
sequence, it may be desirable to presynthesise these smaller 
subsequences and assemble them by ligation (Borodina et al., 
Anal Biochem. 318(2):309-313, “Ligation-based synthesis 
of oligonucleotides With block structure.” 2003) 
[0144] Methods for immobilization of oligonucleotides to 
solid-phase supports are Well knoWn in the art. For example, 
suitable attachment methods are described by Pease et al., 
Proc. Natl. Acad. Sci. USA 91(11):5022-5026, 1994 and 
Khrapko et al., Mol Biol (Mosk) (USSR) 25:718-730, 1991. 
A method for immobilization of 3'-amine oligonucleotides on 
casein-coated slides is described by Stimpson et al., Proc. 
Natl. Acad. Sci. USA 92:6379-6383 (1995). 

[0145] Preferred methods of attaching oligonucleotides to 
solid-state substrates are described by Maskos, U. and South 
ern, E. M., Nucleic Acids Res 20(7): 1679-1684, “Oligo 
nucleotide hybridizations on glass supports: a novel linker for 
oligonucleotide synthesis and hybridization properties of oli 
gonucleotides synthesised in situ”, 1992 and Guo et al., 
Nucleic Acids Res. 22:5456-5465 (1994). 
[0146] For many applications of the oligonucleotides of 
this invention it is useful to knoW hoW stable they are, or more 
speci?cally at What temperature they Will dissociate. The 
stability of DNA duplexes can be calculated using knoWn 
methods for prediction of melting temperatures (Breslauer, 
K. J. et al., PNASUSA 83(11): 3746-3750, “Predicting DNA 
duplex stability from the base sequence.”, 1986; Lesnick and 
Freier, Biochemistry 34:10807-10815, 1995; McGraW et al., 
Biotechniques 8:674-678, 1990; and Rychlik et al., Nucleic 
Acids Res. 18:6409-6412, 1990). 
[0147] Mass Tagged Oligonucleotides: 
[0148] A variety of mass tags can be applied With this 
invention although preferred mass tags are disclosed in WO 
97/27327, WO 97/27325, WO 97/27331, WO 01/68664 and 
WO 03/025576. These applications all disclose tags that com 
prise polyamide compounds, essentially peptides or peptide 
like tags, Which means that these tags can be prepared using 
a number of peptide synthesis methods that are Well knoWn in 
the art (see for example Jones J. H., “The chemical synthesis 
of peptides”, Oxford University Press (1991); Fields G. B. & 
Noble R. L., Int J Pept Protein Res 35(3): 161-214, “Solid 
phase peptide synthesis utilizing 9-?uorenylmethoxycarbo 
nyl amino acids.” (1990); Albericio F., Biopolymers 55(2): 
123 - 13 9, “Orthogonal protecting groups for N(alpha)-amino 
and C-terminal carboxyl functions in solid-phase peptide 
synthesis.” (2000)). In addition, the use of peptide and pep 
tide-like tags enables coupling of these tags to oligonucle 
otides using a variety of peptide conjugation techniques that 
are knoWn in the art. 

[0149] A preferred mass tag is a tandem mass tag, compris 
ing a mass marker moiety attached via a cleavable linker to a 
mass normalisation moiety, the mass marker moiety being 
fragmentation resistant. Such tandem mass tags are disclosed 












































