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(57) ABSTRACT 
The present invention relates to improved methods for 
probing of speci?c nucleic acids using circulariZable probes 
designed such that they report the presence of a target 
sequence by alloWing a detectable moiety to remain bound 
if and only if the probe has been cycliZed in a target 
dependent linking reaction. The invention may be used for 
distinction betWeen sequence speci?c varations of nucleic 
acids. 
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PROBING OF SPECIFIC NUCLEIC ACIDS 

TECHNICAL FIELD 

[0001] The present invention relates to improved methods 
for probing of speci?c nucleic acids. More speci?cally, the 
invention relates to a method of detecting speci?c nucleic 
acid sequences as Well as probes and detecting kits therefor. 

BACKGROUND OF THE INVENTION 

[0002] Detection of unique target sequences in the com 
plexity of the human genome requires highly speci?c detec 
tion reagents. This form of gene detection permits target 
sequence variants to be screened for and it represents one of 
the most important modalities of gene analysis. The hybrid 
iZation of single oligonucleotides in general does not afford 
the requisit speci?city, While the combination of tWo probes 
such as in PCR (polymerase chain reaction) or OLA (oli 
gonucleotide ligation assay) alloWs speci?c detection of 
unique target sequences. 

[0003] In situations Where many different target sequences 
are investigated together in a sample by techniques such as 
PCR or OLA, the risk of “crosstalk” betWeen noncognate 
pairs of probes, giving rise to false detection signals, 
increases exponentially With multiplexing. 

[0004] WO 95/22623 discloses a probe designed to be 
circulariZed in the presence of a target sequence and caused 
to close around the target-containing nucleic acid strand 
such that the cyclic probe Will interlock With and thereby be 
ef?ciently linked to the target nucleic acid to be detected. 
Because of the helical nature of double-stranded nucleic 
acids, such as DNA, circulariZed probes Will be Wound 
around the target strand, topologically connecting probes to 
target molecules through catenation, in a manner similar to 
a padlock. Such covalent catenation of probe molecules to 
target sequences results in the formation of a hybrid that 
resists extreme Washing conditions, serving to reduce non 
speci?c signals in genetic assays. Any probes hybridiZing in 
a non-speci?c manner may therefore be removed by sub 
jecting the target to non-hybridiZing conditions and/or exo 
nuclease activity. Provided that the circular probe is properly 
detectable, such as by being suitably labelled, it may then be 
detected to indicate the presence of the target molecule. 

[0005] In an assay based on such circulariZable probes 
only intra-molecular reactions give rise to a signal, thereby 
greatly improving the potential for multiplexing. 

SUMMARY OF THE INVENTION 

[0006] The present invention relates to improved methods 
of detecting speci?c nucleic acid sequences by means of 
circulariZable probes as Well as detecting kits and probes 
therefor giving considerable advantages in speci?city, noise 
reduction and kinetics compared to prior art. 

[0007] According to the invention, the circulariZable 
probes are designed such that they report the presence of a 
target sequence by alloWing a detectable moiety to remain 
bound if and only if the probe has been cycliZed in a 
target-dependent linking reaction. 

[0008] Thus, in a ?rst aspect, the invention provides a 
method of detecting a target nucleic acid sequence in a 
sample by contacting the sample With a detectable probe to 
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hybridiZe the probe to the target sequence, and detecting the 
hybridiZed probe, said probe (beloW called padlock probe) 
having tWo free nucleic acid end parts Which are at least 
partially complementary to and capable of hybridiZing to 
tWo at least substantially neighbouring regions of the target 
sequence. The method comprises the folloWing steps: a) 
hybridiZing the probe ends to the target sequence under 
hybridiZing conditions; b) covalently connecting the ends of 
the hybridiZed probe With each other to form a circulariZed 
structure; c) Washing under denaturating conditions. The 
method is characteriZed in that one end part of the probe is 
provided With a cleavable or dissociable detectable function, 
and the method comprises the further steps of: d) cleaving or 
dissociating said detectable function; e) separating probes 
With connected ends from probes With non-connected ends 
by Washing under denaturing conditions; and f) detecting the 
presence and, if desired, location of the remaining probe as 
indicative of the presence of the target nucleic acid 
sequence. 

[0009] The detectable function can be cleavable by being 
connected to the remainder of the probe via a cleavable site 
or linker located on the same probe end as the detectable 
function. 

[0010] A dissociable detectable function can be provided 
on a second padlock probe having tWo free nucleic acid end 
parts Which are at least partially complementary to and 
capable of hybridiZing to tWo at least substantially neigh 
bouring regions of the ?rst probe sequence. Such a second 
padlock probe can be added to the probe either before or 
after the probe has been reacted With the target sequence. It 
is also possible to provide the dissociable detectable func 
tion on the target-sequence speci?c probe if the second 
padlock probe is immobiliZed to a support. 

[0011] In one embodiment of the method, the padlock 
probe has tWo linear probe ends. One of the probe ends 
contains a detectable function Which is capable of being 
either cleaved off or dissociated from the probe end. 

[0012] In another embodiment of the method, at least one 
of the probe ends of the padlock probe is branched, eg with 
up to ten branches or even more, and a cleavable or 

dissociable detectable function is provided on each of the 
branches or arms. The branch ends may be speci?c for the 
respective sequence variants to be distinguished in the assay, 
for instance to identify allelic sequence variants or to 
perform a quantitative comparison betWeen similar 
sequences. Preferably, only one of the probe ends is 
branched, especially bifurcated. 

[0013] In the method according to the present invention, 
the covalent linking or connecting betWeen tWo ends of a 
probe anchors a detectable signal. If no linking has ocurred, 
the signal Will not be detected. Examples of preferred signals 
are ?uorophores, radioisotopes, haptens, enZymes etc. 

[0014] The covalent connection of the probe ends to each 
other after hybridiZation to the target sequence may be 
performed by enZymatic, riboZyme-mediated or chemical 
ligation, preferably enZymatic ligation. 

[0015] Instead of letting the probe ends hybridiZe in 
juxtaposition to the target sequence, the probe may be 
designed to hybridiZe to the target molecule such that an 
interspace is left betWeen the probe ends, and that at least 
one additional probe is provided Which is designed to 
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hybridize to the target molecule in this interspace, Where 
upon the hybridized probes are covalently interconnected. 

[0016] Optionally, the probe or probes are designed to 
hybridiZe to the target molecule to leave a small gap betWeen 
adjacent probe ends. This gap or gaps are then ?lled by an 
extension reaction prior to covalently interconnecting the 
probe ends. 

[0017] The method of the invention may particularly be 
used for detecting, quantifying and distinguishing betWeen 
sequence variants With regard to one or several target 
sequences in a sample. Examples of applications include 
distinction betWeen normal and mutated sequence variants, 
associated With disease, genetic linkage analysis of biallelic 
markers, and quanti?cation of gene expression in a tissue 
sample. 

[0018] In a second aspect of the invention, there is pro 
vided a kit for detecting a target nucleic acid sequence in a 
sample, comprising a) a padlock probe having tWo free 
nucleic acid end parts Which are at least partially comple 
mentary to and capable of hybridiZing to tWo at least 
substantially neighbouring regions of the target sequence; 
and b) a means for connecting the ends to each other after 
hybridiZation to the target sequence. The kit according to the 
invention is characteriZed in c) a cleavable or dissociable 
detectable function; and, optionally, d) a cleaving agent. 

[0019] In one embodiment of the kit, the padlock probe 
has tWo linear probe ends, one of the probe ends containing 
a detectable function Which is cleavable or dissociable. 

[0020] In another embodiment of the kit, at least one of the 
tWo free nucleic acid end parts of the padlock probe is 
branched, eg with up to ten branches or even more, and 
each of the branches or arms is provided With a different 
detectable function. Preferably, only one of the probe ends 
is branched, especially bifurcated. 

[0021] In a third aspect, the present invention provides for 
use of the above kit for distinction betWeen sequence 
speci?c variants of nucleic acids, such as allele-speci?c 
variants. 

[0022] In a fourth aspect, there is provided a padlock 
probe having tWo free nucleic acid end parts Which are at 
least partially complementary to and capable of hybridiZing 
to tWo at least substantially neighbouring regions of the 
target sequence, and at least one cleavable or dissociable 
function on one of the end parts of the probe. 

[0023] In a ?fth aspect there is provided a padlock probe 
having tWo free nucleic acid end parts, Where at least one of 
the tWo end parts is branched. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] The invention Will noW be described in more detail 
beloW in association With the accompanying draWings, in 
Which 

[0025] FIG. 1 shoWs a monospeci?c cleavable detectable 
probe; 

[0026] FIG. 2 shoWs a monospeci?c dissociable detect 
able probe; 
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[0027] FIG. 3 shoWs a bispeci?c cleavable detectable 
probe having differentially labelled sequence variant-spe 
ci?c and cleavable probe branches; 

[0028] FIG. 4 shoWs a bispeci?c dissociable detectable 
probe having differentially labelled sequence variant-spe 
ci?c secondary padlock probes, attached to sequence vari 
ant-speci?c branches; 
[0029] FIG. 5 shoWs a variant of a monospeci?c disso 
ciable detectable probe Where the detectable function is 
provided on the target-sequence speci?c probe; 

[0030] FIG. 6 shoWs the DNA sequences of a cleavable 
padlock probe and a complementary target sequence; and 

[0031] FIG. 7 shoWs the tWo DNA sequences in FIG. 6 
together With the DNA sequence of a padlock probe comple 
mentary to the back-piece of the cleavable padlock probe. 

[0032] In FIG. 1, tWo probes terminating With free 3‘and 
S‘ends, respectively, are immobiliZed together on a support 
S via a solid phase anchor A. One of the arms also includes 
a breakable link to the support in the form of a cleavable 
linker B, and, farther aWay from the support, a detectable 
function C such as a ?uorophore. EXamples of cleavable 
links and cleaving agents include disulphides, cleavable by 
reducing agents such as dithiothreitol, deoXyuridine resi 
dues, cleavable by uracil DNA glycosylase; peptide residues 
cleavable by peptidases and nucleotide sequences suscep 
tible to cleavage by endonucleases. 

[0033] As an alternative to a support-bound format, it is 
possible to perform the hybridiZation-ligation reactions in 
solution, folloWed by an immobiliZation or separation reac 
tion. 

[0034] If the tWo ends hybridiZe in juXtapositon on a target 
sequence, then they can become joined by an act of tem 
plate-dependent ligation and thereby catenated to the target 
sequence as described in more detail in the above-mentioned 
WO 95/22623 (the disclosure of Which is incorporated 
herein by reference). After the hybridiZation-ligation reac 
tion, the cleavable linker is broken and the support is Washed 
vigorously. Any remaining detectable group indicates that 
this has become joined to the support via the other probe 
arm. The probe thus functions as a logic “OR” gate, giving 
a positive ansWer as long as one or both of the links to the 
support are intact. 

[0035] In FIG. 2, the probes are constructed such that a 
secondary, detectable padlock probe D is alloWed to circu 
lariZe around the back-piece of a speci?c target detection 
padlock probe, bound to the support. If and only if this 
speci?c probe interacts With its target and is cycliZed, then 
the detectable padlock probe Will remain bound to the 
support after denaturing Washes. 

[0036] If the probes are used for distinction of sequence 
variants, such as allele distinction reactions, then the detec 
tion probes can be designed as shoWn in FIGS. 3 and 4 to 
include a single 3‘end and at the other end branching into 
tWo allele-speci?c S‘ends (or the other Way around). In this 
design the sequence variant-speci?c probe segments can be 
designed to hybridiZe With lesser stability and they each 
have distinct cleavable, C‘, C“, or dissociable detectable, C‘, 
D‘, C“, D“, functions. In this manner all target sequences can 
give rise to a signal but only from that sequence variant 
speci?c probe that hybridiZes and ligates the best. 
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[0037] FIG. 5 shows an alternative embodiment of mono 
speci?c dissociable detectable probe to that shown in FIG. 
2. While in FIG. 2, the target-sequence speci?c probe is 
immobilized and linked to the non-speci?c signal-generat 
ing padlock probe, D, the embodiment shoWn in FIG. 5 has 
the non-speci?c probe, E, immobiliZed and the detectable 
probe F is also target-sequence speci?c. 

[0038] While in FIGS. 1 to 5 the cleavable linker and the 
detectable function are shoWn provided on the 5‘end arm or 
arms, the 3‘and 5‘ends may, of course, be reversed. 

[0039] Assays of the above type suffer no risk of crosstalk 
With increasing probe numbers as only intramolecular reac 
tions are possible or detectable, extreme background reduc 
tion is possible through denaturing Washes alloWing conve 
nient detection of thousands or less of target molecules, and 
excellent allele-distinction is obtained through the (competi 
tive) ligation reactions. 

[0040] The methods of the invention can be be performed 
on immobiliZed target sequences, such as metaphase chro 
mosomes. FolloWing the ligation and Washes at or above 
stringency, the probes are opened and the reaction Washed 
resulting in the disappearance of free ends, but ends con 
nected via hybridiZation retain their binding With the target 
sequence. 

[0041] While conventional linear hybridiZation probe 
arrays lack the speci?city and background-reduction possi 
bility required to analyZe complex DNA samples, probes 
according to the invention avoid both of these limitations. 
HoWever, one important difficulty of using complex samples 
as templates remain, viZ. it is important to arrange the assay 
so that a DNA sample (preferably sheared or otherWise 
reduced in average siZe) is brought in close contact With all 
positions in a probe array. For this reason, one-dimensional 
probe arrays are envisioned for this purpose. These could be 
separate segments of channels or tubes through Which the 
DNA sample is serially passed. It is also possible to use the 
principle of “stacking and sectioning” previously described 
in the international patent application WO 96/17246 (the 
disclosure of Which is incorporated herein by reference) to 
create one-dimensional probe arrays of this type. 

[0042] The folloWing non-limiting Examples illustrate the 
invention further. 

EXAMPLE 1 

Detection Principle (FIG. 1) 

[0043] The detection principle is based upon that 
described above With regard to FIG. 1. Apadlock probe of 
a de?ned speci?city (beloW to Factor V) is synthesiZed With 
a feW thymine (T) bases replaced by uracil (U) bases and is 
covalently immobiliZed to a surface or immobiliZed via 
biotin to a streptavidin-coated surface. Beyond the coupling 
site to the surface the padlock probe has a detectable tag, eg 
a ?uorophore, and the uracil-containing part. The padlock 
probe is hybridiZed and ligated to its template and treated 
With the enZyme uracil DNA glycosylase (UDG). UDG 
cleaves off the uracil bases from the padlock probe to leave 
the phosphodiester bond. This abasic binding is unstable and 
is easily broken by heat, basic pH or Exonuclease III. If 
ligation has taken place, the tag signal Will remain after 
Wash, but if no ligation has taken place, the signal tag may 
be Washed aWay since that part of the padlock probe is no 
longer connected to the rest of the probe and is thereby not 
attached to the surface. 
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[0044] UDG-Cleavage of U-Containing DNA (In Solu 
tion) 
[0045] 0.1 pmole of 92-mer padlock probe to Factor V 
(Padlock FV, FIG. 6), 32P-labelled (73,000 cpm) at the 
5‘-end, Was ligated to 1 pmole of PCR ampli?ed Factor V 
oligonucleotide (Oligo FV, FIG. 6), using 5 units of T4 DNA 
ligase at 37°C. for 30 min. After ethanol precipitation, the 
sample Was dissolved in UDG buffer and treated With 2 units 
of UDG at 37°C. for 30 min. The solution Was then 
heat-treated at 65°C. for 10 min. and analyZed by 15% 
polyacrylamide gel electrophoresis (PAGE), 7 M urea, 0.5>< 
TBE. The analysis shoWed that UDG cleavage produced 
four smaller fragments of the expected siZes, 20, 23, 26 and 
29 nt, respectively. 

EXAMPLE 2 

Detection Principle (FIG. 2) 
[0046] The detection principle is based upon that 
described above With regard to FIG. 2. TWo different 
padlock probes A and B are used. One probe A has speci 
?city to a template (beloW Factor V) and also exhibits a 
back-piece sequence Which is complementary to the other 
probe B. Padlock probe B is tagged, eg with a ?uorophore. 
BeloW it is demonstrated that padlock probe A can be 
circulariZed in the ligation to its template consisting of a 
complementary oligonucleotide; (ii) padlock probe B can be 
circulariZed to padlock probe A; and (iii) padlock probes A 
and B can be circulariZed in the ligation to template. 

[0047] CirculariZation of Padlock Probe A in Ligation 
to Complementary Oligonucleotide 

[0048] 0.1 pmole of 92-mer padlock probe to Factor V 
(Padlock FV, FIG. 7) described in Example 1, padlock probe 
A, and 1.35 pmole of Factor V oligonucleotide (Oligo FV, 
FIG. 7) complementary to padlock probe AWas ligated by 
6 units of T4 DNA ligase at 37°C. for 30 min. The enZyme 
Was then heat-inactivated at 60°C. for 10 min. A control 
reaction Was performed Without ligase. PAGE as in Example 
1 shoWed that a catenated complex of padlock probe A and 
the complementary oligonucleotide Was obtained. 

[0049] (ii) CirculariZation of Padlock Probe B to Padlock 
Probe A 

[0050] 0.1 pmole of padlock probe A and 0.1 pmole of a 
padlock probe complementary to the back-piece of padlock 
probe A (Padlock otFV, FIG. 7), padlock probe B, Were 
ligated as in above. A control reaction Was performed 
Without ligase. PAGE as in Example 1 shoWed that a 
catenated complex of the tWo padlock probes A and B Was 
obtained. 

[0051] (iii) CirculariZation of Padlock Probe A to Padlock 
Probe B and Oligonucleotide 

[0052] 0.1 pmole of each of the padlock probes A and B 
and 1.35 pmole of Factor V oligonucleotide Were ligated as 
in above. A control reaction Was performed Without 
ligase. PAGE as in Example 1 shoWed that a catenated 
complex of the tWo padlock probes and oligo FV Was 
obtained. 

[0053] The invention is, of course, not restricted to the 
embodiments speci?cally described above and shoWn in the 
draWings, but many modi?cations and changes can be made 
Within the scope of the present inventive concept as de?ned 
in the folloWing claims. 
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1. Arnethod of detecting a target nucleic acid sequence in 
a sample by contacting the sample With a detectable probe 
to hybridize the probe to the target sequence, and detecting 
the hybridized probe, said probe having tWo free nucleic 
acid end parts Which are at least partially complementary to 
and capable of hybridizing to tWo at least substantially 
neighbouring regions of the target sequence, comprising the 
folloWing steps: 

a) hybridizing the probe ends to the target sequence under 
hybridizing conditions; 

b) covalently connecting the ends of the hybridized probe 
With each other to form a circularized structure; 

c) Washing under denaturating conditions; 
characterized in that the probe is provided With a cleav 

able or dissociable detectable function, and the method 
comprises the further steps of: 

d) cleaving or dissociating said detectable function; 

e) separating probes With connected ends from probes 
With non-connected ends by Washing under denaturing 
conditions; and 

f) detecting the presence and, if desired, location of the 
remaining probe as indicative of the presence of the 
target nucleic acid sequence. 

2. The method according to claim 1, characterized in that 
said detectable function is cleavable by cleaving a cleavable 
linker located on the same probe end as the detectable 
function. 

3. The method according to claim 1 or 2, characterized in 
that one or both of the probe ends have at least tWo branches, 
preferably With differential sequence speci?cities, and that a 
detectable function is provided on each of the branches on 
one end part of the probe, the detectable functions preferably 
being different and distinguishable from each other. 

4. The method according to claim 3, characterized in that 
one probe end is linear and the other probe end is branched, 
preferably bifurcated. 

5. The method according to claim 1, 3 or 4, characterized 
in that said detectable function is dissociable by being 
provided on a further circularizable probe hybridizing to 
said target-speci?c probe. 

6. The method according to claim 1, 3 or 4, characterized 
in that said detectable function is dissociable by being 
provided on said target-speci?c probe hybridizing to a 
further circularizable probe. 

7. The method according to any one of the preceding 
claims, characterized in that said target-speci?c probe is 
designed to hybridize to the target molecule to leave an 
interspace betWeen the probe ends, that at least one addi 
tional probe is provided Which is designed to hybridize to the 
target molecule in said interspace, and that the hybridized 
probes are covalently interconnected. 

8. The method according to any one of the preceding 
claims, characterized in that said target-speci?c probe or 
probes are designed to hybridize to the target molecule to 
leave a small gap betWeen adjacent probe ends, and that said 
gap or gaps are ?lled by an extension reaction prior to 
covalently interconnecting the probe ends. 

9. The method according to any one of the preceding 
claims, characterized in that said covalent connection of the 
probe ends is performed by enzymatic, ribozyrne-rnediated 
or chemical ligation, preferably enzyrnatic ligation. 
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10. The method according to any one of the preceding 
claims, characterized in that said target molecule is a DNA 
or RNA sequence. 

11. The method according to any one of the preceding 
claims, characterized in that probe or probes are oligonucle 
otides. 

12. The method according to any one of the preceding 
claims, characterized in that said probe or probes are immo 
bilized to a solid phase. 

13. The method according to any of the claims 1-10, 
characterized in that said target sequence is immobilized to 
a solid phase. 

14. Akit for detecting a target nucleic acid sequence in a 
sample, comprising 

a) a probe having tWo free nucleic acid end parts Which 
are at least partially complementary to and capable of 
hybridizing to tWo at least substantially neighbouring 
regions of the target sequence; 

b) a means for connecting the ends to each other after 
hybridization to the target sequence; 

characterized in 

c) a cleavable of dissociable detectable function; and, 
optionally, 

d) a cleaving agent. 
15. The kit according to claim 14, characterized in that the 

detectable function is a ?uorophore, radiosiotope, hapten or 
enzyme. 

16. The kit according to claim 14 or 15, characterized in 
that one or both of the tWo free nucleic acid end parts of the 
probe have at least tWo branches, preferably With differential 
sequence speci?cities, and that each of the branches on one 
end part of the probe are provided With different detectable 
functions. 

17. The kit according to claim 16, characterized in that 
one probe end is linear and the other probe end is branched, 
preferably bifurcated. 

18. Use of the kit according to any one of claims 14 to 17 
for distinction betWeen sequence speci?c variants of nucleic 
acids. 

19. A circularizable probe having tWo free nucleic acid 
end parts Which are at least partially complementary to and 
capable of hybridizing to tWo at least substantially neigh 
bouring regions of a target sequence, characterized in that 
the probe has a cleavable or dissociable detectable function 
on one of said end parts. 

20. The probe according to claim 19, characterized in that 
one or both of the tWo free nucleic acid end parts of the 
probe have at least tWo branches, preferably With differential 
sequence speci?cities, and that each of the branches on one 
end part of the probe are provided With different detectable 
functions. 

21. A circularizable probe having tWo free nucleic acid 
end parts Which are at least partially complementary to and 
capable of hybridizing to tWo at least substantially neigh 
bouring regions of a target sequence, characterized in that 
one or both of the tWo free nucleic acid end parts of the 
probe are branched, especially bifurcated. 


