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The present disclosure relates to methods of identifying target
nucleic acids by using coded molecules and 1ts analysis by
translocation through a nanopore. Generally, coded mol-
ecules are subject to a target polynucleotide dependent modi-
fication. The modified coded molecule 1s detected by 1solat-
ing the modified coded molecules from the unmodified coded
molecules prior to analysis through the nanopore or by detect-
ing a change 1n the signal pattern of the coded molecule when
analyzed through the nanopore.
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METHODS OF DETECTING TARGET
NUCLEIC ACIDS

1. CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit under 35 U.S.C.
§119(e) to application Ser. No. 60/781,780, filed Mar. 12,
2006, the contents of which are incorporated herein by refer-
ence.

2. BACKGROUND

[0002] The detection of target nucleic acids has many criti-
cal applications 1n medicine, forensics, and environmental
monitoring. To provide consistency, speed, and specificity in
detecting multiple target polynucleotides, various mutiplex-
ing techmques have been developed 1in which detection 1s
carried out 1 a single reaction. Multiplexing approaches
based on microarrays and microbeads combine powertul
nucleic acid amplification strategies with the massive screen-
ing capability to provide highthroughput capacity along with
high level of sensitivity, specificity, and consistency.

[0003] Micoarrays and microbeads are particularly suited
for detecting single nucleotide polymorphisms, which repre-
sents one of the largest sources of diversity in the genome of
organisms. Some single nucleotide variations are directly
linked to phenotypic traits of interest, such as a disease or
disease susceptibility. Most single nucleotide polymor-
phisms, however, are neutral. But because most biological
processes involve the interaction of a multitude of genes, even
neutral sequence variations serve as useful markers 1n linkage
maps for studying phenotypes having an underlying multi-
genic basis. The growing number of SNPs, for example the
SNP database maintained by the National Center for Biotech-
nology Information (NCBI), provide a rich resource for
genetic analysis based on sequence polymorphisms.

[0004] Despite the advances of microarray and microbead
based nucleic acid detection systems, these methods still have
drawbacks. For example, the need to amplify the target
nucleic acid in many applications represents a disadvantage
because of varniability 1n amplification efliciency. Since
microarray and microbead techniques typically compare sig-
nal itensity between samples for determiming a positive or
negative result, variability 1in amplification reactions can
adversely affect the determination of the presence or absence
of a particular target nucleic acid in these assay formats.
Moreover, microarray and microbead based detection typi-
cally rely on summing of signals from a population of probe-
target nucleic acid interactions, which limits the sensitivity of
the assays.

[0005] In view of the foregoing, 1t 1s desirable to have
alternative techniques for detecting nucleic acids, where the
detection technique 1s less susceptible to variation 1n ampli-
fication efliciency, displays a high level of sensitivity, and 1s
adaptable for multiplexing reactions to detect SNPs.

3. SUMMARY

[0006] The present disclosure relates to use of nanopores to
detect target polynucleotides. The methods involve use of
coded molecules having an associated target probe that spe-
cifically recognizes a target polynucleotide; modifying the
coded molecule with a modifying agent, where the modifica-
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tion 1s dependent on presence of the target polynucleotide;
and detecting the modified coded molecule by translocating 1t
through a nanopore.

[0007] Generally, the method comprises contacting a coded
molecule with a target polynucleotide, wherein the coded
molecule comprises one or more block polymer regions and a
target probe capable of hybridizing to the target polynucle-
otide. The mixture of coded molecule and the target poly-
nucleotide 1s treated with a moditying agent that modifies the
target probe 11 the target polynucleotide 1s hybridized to the
target probe. In the absence of a hybridized target polynucle-
otide, the modification of the target probe, and thus modifi-
cation of the coded molecule, does not occur efficiently. The
coded molecule 1s then translocated through a nanopore and
interrogated to detect a signal that 1s reflective of the polymer
characteristics of the block polymer region. In some embodi-
ments where there 1s a modification of the coded molecule,
the modification can alter the signal pattern displayed by a
coded molecule such that an altered signal pattern 1s 1ndica-
tive of the presence of the target polynucleotide. The detected
signal pattern 1s also used to identity the specific coded mol-
ecule and 1ts associated target probe, and thus the specific
target polynucleotide detected. In some embodiments, the
modified coded molecule can be i1solated from unmodified
coded molecules based on the target polynucleotide depen-
dent modification, and the 1solated coded molecule translo-
cated through a nanopore to detect a signal pattern, which can
then be associated to a specific coded molecule and therefore
the specific target polynucleotide detected 1n the reaction.

[0008] In the present disclosure, the target probes are
designed to hybridize to a target polynucleotide to form poly-
nucleotide structures that can be modified by various modi-
tying agents. In some embodiments, the target probe com-
prises a 3-prime region or segment that hybridizes to a
S-prime region of a target polynucleotide such that the
hybridized 3-prime region of the target probe can serve as a
primer for elongation by a template-dependent polymerase.
In some embodiments, extension of the 3-prime region of the
target probe can alter the signal pattern because of the poly-
nucleotide segment added to the coded molecule by the tem-
plate-dependent polymerase. Because the extension does not
occur 1n the absence of a template, changes to the signal
pattern can occur only in the presence of the target polynucle-
otide. In some embodiments, the target polynucleotide 1s a
circular polynucleotide formed by ligation of an open circle
probe, where the open circle probe 1s efficiently ligated to
form the circular target polynucleotide only 1n the presence of
a nucleic acid of interest. Elongation of the target probe by
replication of the circular polynucleotide provides a basis for
determining the presence or absence of circular polynucle-
otide, and thus the presence or absence of the nucleic acid of
interest.

[0009] In some embodiments, the method further com-
prises hybridizing a ligation probe to the target polynucle-
otide, where the ligation probe and the target probe hybridize
to adjacent regions on the target polypeptide such that the
hybridized ligation probe and target probe are suitable sub-
strates for a ligase. Treatment with a ligase results 1n ligation
of the ligation probe to the target probe, thereby structurally
moditying the coded molecule. A change in the detected
signal pattern, as compared to the signal pattern of an
unmodified coded molecule, indicates the presence of the
target polynucleotide. In some embodiments, the ligation
probe can further comprise a signal generating segment,
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which 1s a polymer segment that can change the signal pattern
of the coded molecule. In other embodiments, the ligation
probe comprises a capture tag, which allows the ligase-modi-
fied coded molecule to be i1solated from unmodified coded
molecules. In various embodiments, the ligation probe or the
target probe can be used to interrogate a site of nucleotide
sequence variation.

[0010] In some embodiments, the method further com-
prises hybridizing a FLAP probe to the target polynucleotide
to form a FLAP structure recognized by a FLAP endonu-
clease and consequent cleavage of the target probe by a FLAP
endonuclease. In these embodiments, the FLLAP substrate
comprises (a) a target polynucleotide, wherein the target
polynucleotide comprises adjacent first and second regions,
(b) a FLAP probe comprising a 3-prime segment that hybrid-
izes to the first region, and (c¢) a target probe comprising a
S-prime region and a 3-prime region, where the 3-prime
region hybridizes to the second region of the target polynucle-
otide. Hybridization of the FL AP probe and the target probe
to the adjacent first and second regions on the target poly-
nucleotide forms a FLLAP substrate in which the target probe
1s cleaved by a FLAP endonuclease, thereby resulting in
separation of the 5-prime region of the target probe from the
coded molecule. In some embodiments, a change 1n the signal
pattern arising from cleaving oif of the 5-prime region of the
target probe indicates the presence of the target polynucle-
otide. Use ol target probes having a signal generating segment
can assist in distinguishing unmodified coded molecules from
FLAP-endonuclease modified coded molecules. In other
embodiments, the target probe can have a capture tag, which
1s removed by action of the FLAP endonuclease, thus permiut-
ting 1solation of FLAP-endonuclease modified coded mol-
ecules from unmodified coded molecules. In various embodi-
ments, the FLAP probe or the target probe can be used
interrogate a site of polynucleotide polymorphism to deter-
mine the presence or absence of a nucleotide sequence varia-
tion.

[0011] In some embodiments, the method comprises
hybridizing a target probe to a target polynucleotide to form
an endonuclease recognition site and a corresponding endo-
nuclease cleavage site. In these embodiments, treating the
hybridized target polynucleotide and the target probe with an
endonuclease that specifically recognizes the recognition site
results 1n cleavage of the target probe. In some embodiments,
the endonuclease recognition site can be a sequence-specific
endonuclease site while 1n other embodiments, the endonu-
clease recognition site can be a mismatch-specific endonu-
clease. Use of target probes having a signal generating seg-
ment can be used to distinguish unmodified coded molecules
from endonuclease-modified coded molecules.

[0012] In some embodiments, a target probe 1s hybridized
to the target polynucleotide to form a double stranded region
in which the target probe 1s made susceptible to an exonu-
clease. Removal of all or a portion of the target probe alters
the structure of the coded molecule, which can result 1n an
altered signal pattern indicative of the presence of a specific
target polynucleotide.

[0013] The present disclosure further provides multiplexed
detection based on the methods described above. Detection of
a plurality of different target polynucleotides can be carried
out using subpopulations of coded molecules, 1.e., a plurality
of pluralities, where each subpopulation has a target probe
that hybridizes to a specific target polynucleotide different
from the target polynucleotide bound by the targets probes of
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the other subpopulations. Each member of a subpopulation of
coded molecules can display a signal pattern that 1s distin-
guishable from coded molecules of other subpopulations. By
detecting the signal pattern of a translocated coded molecule,
the signal pattern can be associated to a specific coded mol-
ecule subpopulation, and thus the specific target polynucle-
otide detected 1n the assay.

[0014] Interrogation of the coded molecule following treat-
ment with the modifying agent 1s carried out by translocating,
the coded molecule through a nanopore and detecting the
signal pattern associated with the coded molecule. Various
detection strategies are contemplated, including current
blockade, electron tunneling current, and 1imaging of charge
induced fields. The detected signal pattern 1s analyzed and
associated to a specific coded molecule and its corresponding
target probe.

[0015] The methods herein can be used to detect any target
polynucleotide, such as polynucleotides associated with dis-
cases and other medical conditions as well as polynucleotides
with sequence variations useful for genotyping applications,
such as forensic analysis, environmental sampling, and evo-
lutionary studies.

[0016] Further provided herein are kats for the detection of
target polynucleotides by the disclosed methods. Kits can
contain coded molecules with target probes directed to vari-
ous target polynucleotides, modifying agents for the modifi-
cation of the coded molecules, and nanopore devices for
detecting the coded molecules. In addition, the kits can con-
tain various coded molecule standards for obtaining repre-
sentative signal pattern profiles of unmodified coded mol-
ecules and representative signal pattern profiles of modified
coded molecules for comparison of test samples. In various
embodiments, the kits can also contain instructions on use of
kit components and nanopore detection methodology,
wherein the 1nstructions can be in any medium used for dis-
seminating such information, including, among others,
printed medium, video tape, compact disc, flash memory
devices, and computer disc.

4. BRIEF DESCRIPTION OF THE FIGURES

[0017] FIG. 1A 1s an illustration of a polymerase-mediated
extension assay i which a coded molecule 1s modified by a
template-dependent polymerase mediated extension of the
3-prime region or segment of the target probe hybridized to
the target polynucleotide. The segments represented by ( — )
(---)and (...)comprse block polymer regions. FIG. 1B
symbolically 1llustrates a current blockade signal profile for
an unmodified coded molecule and polymerase-modified
coded molecule.

[0018] FIG.2A 1s anillustration of a primer extension assay
in which a target probe segment of the coded molecule
hybridizes to a ligated open circle probe (OCP). Polymerase-
mediated extension of the coded molecule results 1n a coded
molecule with an extended 3-prime region or segment that
can comprise multiple copies of the circular template. FIG.
2B symbolically 1llustrates a current blockade signal profile
for an unmodified coded molecule and a polymerase-modi-
fied coded molecule.

[0019] FIG. 3A1sanillustration of a ligation assay in which
a target probe of the coded molecule 1s ligated to a ligation
probe. The target probe and the ligation probe are adjacently
hybridized to a target polynucleotide to juxtapose the termi-
nus of the target probe and ligation probe. Treatment with a
ligase ligates the ligation probe to the target probe. In the
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illustrated embodiment, the ligation probe comprises a signal
generating segment, which displays a unique current block-
ade signal profile. FIG. 3B symbolically 1llustrates a current
blockade signal profile for an unmodified coded molecule and
a coded molecule modified by ligation of a ligation probe.
[0020] FIG. 4A 1s an 1llustration of a FLAP endonuclease
assay 1n which a FLAP probe and a 3-prime region of the
target probe are adjacently hybridized to a target polynucle-
otide. The target probe, FLAP probe, and target polynucle-
otide form a FLAP substrate 1n which the target probe 1s
cleaved by a FLAP endonuclease to release the 5-prime
region of the target probe. In the illustrated embodiment, the
target probe comprises a signal generating segment that dis-
plays a unique signal profile to clearly distinguish a coded
molecule with and without the signal generating segment.
FIG. 4B symbolically illustrates a current blockade signal
profile for an unmodified coded molecule and a coded mol-
ecule cleaved by a FLAP endonuclease. FLAP endonuclease
modification results in release of the S-prime region of the
target probe and loss of the associated signal generating seg-
ment.

[0021] FIG. 5A 1s anillustration of a sequence or mismatch
specific endonuclease assay in which the target probe and the
target polynucleotide hybridize to form a recognition site for
the sequence-specific or mismatch specific endonuclease. In
the 1llustrated embodiment, the target probe has attached a
signal generating segment that generates a unique signal to
clearly distinguish a coded molecule with and without the
signal generating segment. FIG. 5B symbolically illustrates a
current blockade signal profile for an unmodified coded mol-
ecule and a coded molecule modified by a sequence-speciiic
or a mismatch specific endonuclease. Cleavage by the endo-
nuclease results in release of a portion of the target probe and
its associated signal generating segment.

S. DETAILED DESCRIPTION

[0022] Itisto beunderstood that both the foregoing general
description, including the drawings, and the following
detailed description are exemplary and explanatory only and
are not restrictive of this disclosure. In this disclosure, the use
of the singular includes the plural unless specifically stated
otherwise. Also, the use of “or” means “and/or” unless stated
otherwise. Similarly, “comprise,” “comprises,” “comprising”
“include,” “includes,” and “including’” are not intended to be
limiting.

[0023] Itisto be further understood that where descriptions
of various embodiments use the term “comprising,” those
skilled 1n the art would understand that in some specific
instances, an embodiment can be alternatively described
using language “consisting essentially of”” or “consisting of.”
[0024] The section headings used herein are for organiza-
tional purposes only and not to be construed as limiting the
subject matter described.

[0025] 5.2 Definitions

[0026] As used throughout the instant application, the fol-
lowing terms shall have the following meanings

[0027] “Nucleobase” or “Base” means those naturally
occurring and synthetic heterocyclic moieties commonly
known 1n the art of nucleic acid or polynucleotide technology
or polyamide or peptide nucleic acid technology for generat-
ing polymers that can hybridize to polynucleotides 1n a
sequence-specific manner. Non-limiting examples of suitable
nucleobases 1nclude: ademine, cytosine, guanine, thymine,

uracil, 5-propynyl-uracil, 2-thio-5-propynyl-uracil, 5-meth-
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ylcytosine, pseudoisocytosine, 2-thiouracil and 2-thiothym-
ine, 2-aminopurine, N9-(2-amino-6-chloropurine), N9-(2,6-
diaminopurine), hypoxanthine, N9-(7-deaza-guanine), N9-
(7-deaza-8-aza-guanine) and N8-(7-deaza-8-aza-adenine).
Other non-limiting examples of suitable nucleobases include
those nucleobases illustrated in FIGS. 2(A) and 2(B) of
Buchardt et al. (WO 92/20702 or WO 92/20703). Nucleo-
bases can be linked to other moieties to form nucleosides,
nucleotides, and nucleoside/tide analogs.

[0028] ““‘Nucleoside™ refers to a compound consisting of a
purine, deazapurine, or pyrimidine nucleoside base, e.g.,
adenine, guanine, cytosine, uracil, thymine, 7-deazaadenine,
7-deazaguanosine, that 1s linked to the anomeric carbon of a
pentose sugar at the 1' position, such as a ribose, 2'-deoxyri-
bose, or a 2',3'-di-deoxyribose. When the nucleoside base 1s
purine or 7-deazapurine, the pentose 1s attached at the 9-po-
sition of the purine or deazapurine, and when the nucleoside
base 1s pyrimidine, the pentose 1s attached at the 1-position of
the pyrimidine (see, e.g., Komberg and Baker, 1992, DNA
Replication, 2nd Ed., Freeman. The term “nucleotide” as
used herein refers to a phosphate ester of a nucleoside, e.g., a
mono-, a di-, or a triphosphate ester, wherein the most com-
mon site of esterification 1s the hydroxyl group attached to the
C-5 position of the pentose. “Nucleotide 5'-triphosphate™
refers to a nucleotide with a triphosphate ester group at the 5'
position. The term “nucleoside/tide” as used herein refers to a
set ol compounds including both nucleosides and/or nucle-
otides.

[0029] “Nucleobase polymer” or “Nucleobase oligomer™
refers to two or more nucleobases that are connected by
linkages that permit the resultant nucleobase polymer or oli-
gomer to hybridize to a polynucleotide having a complemen-
tary nucleobase sequence. Nucleobase polymers or oligo-
mers 1nclude, but are not lmmited to, poly- and
oligonucleotides (e.g., DNA and RNA polymers and oligo-
mers), poly- and oligonucleotide analogs and poly- and oli-
gonucleotide mimics, such as polyamide or peptide nucleic
acids. Nucleobase polymers or oligomers can vary in size
from a few nucleobases, from 2 to 40 nucleobases, to several
hundred nucleobases, to several thousand nucleobases, or
more.

[0030] “‘Polynucleotides™ or “Oligonucleotides” refers to
nucleobase polymers or oligomers 1n which the nucleobases
are connected by sugar phosphate linkages (sugar-phosphate
backbone). Exemplary poly- and oligonucleotides include
polymers of 2'-deoxyribonucleotides (DNA) and polymers of
ribonucleotides (RNA). A polynucleotide may be composed
entirely of ribonucleotides, entirely of 2'-deoxyribonucle-
otides or combinations thereof. The term nucleic acid encom-
passes the terms polynucleotide and oligonucleotides and
includes single stranded and double stranded polymers of
nucleotide monomers.

[0031] “‘Polynucleotide analog” or “Oligonucleotide ana-
log™ refers to nucleobase polymers or oligomers 1n which the
nucleobases are connected by a sugar phosphate backbone
comprising one or more sugar phosphate analogs. Typical
sugar phosphate analogs include, but are not limited to, sugar
alkylphosphonates, sugar phosphoramidites, sugar alkyl- or
substituted alkylphosphotriesters, sugar phosphorothioates,
sugar phosphorodithioates, sugar phosphates and sugar phos-
phate analogs 1n which the sugar 1s other than 2'-deoxyribose
or ribose, nucleobase polymers having positively charged
sugar-guamdyl mterlinkages such as those described in U.S.

Pat. No. 6,013,785 and U.S. Pat. No. 5,696,253 (see also,
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Dagani, 1995, Chem Eng News 4-5:1133; Dempey et al.,
1995, J Am Chem Soc 117:6140-6141). Such positively
charged analogues 1n which the sugar i1s 2'-deoxyribose are
referred to as “DINGs,” whereas those 1n which the sugar 1s

ribose are referred to as “RINGs.” Specifically included within
the defimition of poly- and oligonucleotide analogs are locked
nucleic acids (LNAs; see, e.g., Elayadi et al., 2002, Biochem-
istry 41:9973-9981; Koshkin et al., 1998, J Am Chem Soc
120:13252-3; Koshkin et al., 1998, Tetrahedron Letters,
39:4381-4384; Jumar et al., 1998, Bioorganic Medicinal
Chemistry Letters 8:2219-2222; Singh and Wengel, 1998,
Chem Commun 12:1247-1248; WO 00/56746; WO
02/28875; and WO 01/48190; all of which are incorporated
herein by reference 1n their entireties) and nucleic acids with
sugar-phosphates other than deoxyribose- or ribose-phos-

phate backbone, for example, hexopyranosyl-phosphate
backbones (Eschenmoser, 1999, Science 284:2118-2124).

[0032] “‘Polynucleotide mimic” or “Oligonucleotide
mimic” refers to a nucleobase polymer or oligomer 1n which
one or more of the backbone sugar-phosphate linkages 1s
replaced with a sugar-phosphate analog. Such mimics are
capable of hybridizing to complementary polynucleotides or
oligonucleotides, or polynucleotide or oligonucleotide ana-
logs or to other polynucleotide or oligonucleotide mimics,
and may include backbones comprising one or more of the
following linkages: positively charged polyamide backbone
with alkylamine side chains as described in U.S. Pat. No.
5,786,461; U.S. Pat. No. 5,766,855; U.S. Pat. No. 5,719,262;
U.S. Pat. No. 5,539,082; and WO 98/03342 (see also, Haaima
et al., 1996, Angewandte Chemie Int’l Ed. in English
35:1939-1942; Lesnick et al., 1997, Nucleosid Nucleotid
16:1775-1779; D’Costa et al., 1999, Org Lett 1:1513-1516
see also Nielsen, 1999, Curr Opin Biotechnol 10:71-75);
uncharged polyamide backbones as described 1n WO
02/20702 and U.S. Pat. No. 5,539,082; uncharged mor-
pholino-phosphoramidate backbones as described mm U.S.
Pat. No. 5,698,685, U.S. Pat. No. 5,470,974, U.S. Pat. No.
5,378,841 and U.S. Pat. No. 5,185,144 (see also, Wages et al.,
1997, Biolechniques 23:1116-1121); peptide-based nucleic
acid mimic backbones (see, e.g., U.S. Pat. No. 5,698,685);
carbamate backbones (see, e.g., Stirchak and Summerton,
1987, J Org Chem 52:4202); amide backbones (see, e.g.,
Lebreton, 1994, Synlett 1994:137); methylhydroxyl amine
backbones (see, e.g., Vasseur et al., 1992, J Am Chem Soc
114:4006); 3'-thioformacetal backbones (see, e.g., Jones et
al., 1993, J Org Chem 58:2983); sulfamate backbones (see,
e.g., U.S. Pat. No. 5,470,967); and a-threofuranosyl back-
bones (Schoning et al., Science 290134°7-1351). All of the

preceding publications are incorporated herein by reference.

[0033] “‘Peptide Nucleic Acid” or “PNA” refers to poly- or
oligonucleotide mimics 1n which the nucleobases are con-

nected by amino linkages (polyamide backbone) such as
described 1n any one or more of U.S. Pat. Nos. 5,539,082;

5,527,675, 5,623,049; 5,714,33; 5,718,262; 5,736,336;
5,773,571, 5,766,855, 35,786,461; 5,837,459; 5,891,625;
5,972,610; 5,986,053; 6,107,470, 6,451,968; 6,441,130;
6,414,112; and 6,403,763, all disclosures of which are incor-
porated herein by reference. The term “peptide nucleic acid”
or “PNA” shall also apply to any oligomer or polymer com-
prising two or more subunits of those polynucleotide mimics
described 1n the following publications: Lagniioul et al.,
1994, Bioorg Med Chem Lett 4. 1081-1082; Petersen et al.,
1996, Bioorg Med Chem Lett 6:793-796; Dlderlchsen et al.
1996, Tett. Lett. 377: 475-478; Fuju1 et al., 1997, Bioorg Med
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Chem Lett 7:637-627; Jordan et al., 1997, Bioorg Med Chem
Lett 7:687-690; Krotz et al., 1995, Tett Lett 36:6941-6944;
Lagriffoul et al, 1994, Bioorg Med Chem Lett 4:1081-1082;
Diederichsen, U., 1997, Bioorg Med Chem Lett'7:1743-1746;
Loweetal., 1997, J Chem Soc Perkin Trans 1:539-546; Lowe
etal., 1997, JChem Soc Perkin Trans 11:547-554; Lowe et al.,

1997 J Chem Soc Perkin Trans 1:555-560; Howarth et al.,

1997, J Org Chem 62:5441-3450; Altmann, K-H et al., - 997
Bioorg Med Chem Lett '7:1119-1122; Diederichsen, U., 1998,
Bioorg Med Chem Lett 8:165-168; Diederichsen et al., 1998,
Angew. Chem. mt. Ed., 37: 302-305; Cantin et al., 1997 et
Lett 38:4211-4214; Ciapett1 et al.,, 1997, Tez‘mhedmn
53:1167-1176; Lagritfoule et al., 1997, Chem Eur J 3:912-
919; Kumar et al., 2001, Org Lett 3(9):1269-1272; and the
Peptide-Based Nucleic Acid Mimics (PENAMs) disclosed 1n
WO 96/04000. Some examples of PNAs are those in which

the nucleobases are attached to an N-(2-aminoethyl)-glycine
backbone, 1.e., a peptide-like, amide-linked unit (see, e.g.,
U.S. Pat. No. 5,719,262: WO 92/20702; and Nielsen et al.,
1991, Science 254:1497-1500). All publications are incorpo-

rated herein by reference.

[0034] “Chimeric oligonucleotide” or “Chimeric poly-
nucleotide” refers to a nucleobase polymer or oligomer com-
prising a plurality of different polynucleotides, polynucle-
otide analogs and polynucleotide mimics. For example, a
chimeric polymer may comprise a sequence of DNA linked to
a sequence of RNA. Other examples of chimeric polymers

include a sequence of DNA linked to a sequence of PNA or a
sequence ol RNA linked to a sequence of PNA.

[0035] “‘Detectable tag” refers to a moiety that, when
attached to another molecule, e.g., an oligonucleotide,
nucleobase polymer, a target polynucleotide, renders such
molecule detectable using known detection methods, e.g.,
spectroscopic, photochemical, electrochemiluminescent, and
clectrophoretic methods. A detectable tag may have one or
more than one label, including different types of labels.
Exemplary tags include, but are not limited to, fluorophores,
radioisotopes, nanoparticles, and quantum dots. Such tags

allow direct detection of labeled compounds by a suitable
detector, e.g., a tluorometer.

[0036] “‘Capture tag” refers to a member of a binding pair
that, when attached to another molecule, e.g., a nucleotide,
oligonucleotide, nucleobase polymer, a target polynucle-
otide, allows the 1solation of the molecule (1.e., captured) by
interaction with the other member of the binding pair. A
capture tag may have one or more than one tag, including
different types of capture tags. Exemplary capture tags
include, among others, biotin, which can be incorporated into
nucleic acids (Langer et al., 1981, Proc Natl Acad Sci USA
78:6633) and captured using streptavidin or biotin-specific
antibodies; a hapten such as digoxigenin or dinitrophenol
(Kerkhot, 1992, Anal Biochem 205:359-364), which can be
captured using a corresponding antibody; a fluorophore to
which antibodies can be generated (e.g., Lucifer yellow, fluo-
rescein, etc.); and a metal binding domain (e.g., His tag),
which can be captured using a suitable metal ligand. In some
embodiments, the capture tag can comprise a specific nucleo-
base sequence, referred to as a “capture sequence,” which can
be captured using a “‘capture probe” having a sequence
complementary to the capture sequence.

[0037] ““Watson/Crick Base-Pairing” refers to a pattern of
specific pairs of nucleobases and analogs that bind together
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through sequence-specific hydrogen-bonds, e.g., A pairs with
T and U, and G pairs with C, commonly observed 1n double
stranded nucleic acid.

[0038] “‘Annealing” or “Hybnidization™ refers to the base-
pairing interactions of one nucleobase polymer with another
that results 1n the formation of a double-stranded structure, a
triplex structure or a quaternary structure. Annealing or
hybridization can occur via Watson-Crick base-pairing inter-
actions, but may be mediated by other hydrogen-bonding
interactions, such as Hoogsteen or Reverse-Hoogsteen base
pairing.

[0039] “‘Deoxynucleotide triphosphates™ or “dNTPs” refer

to deoxynucleoside triphosphate precursors, 1.e., dAIP,
dTTP, dGTP, and dCTP, and dUTP.

[0040] “Wild-type™ refers to a gene or gene product which
has the characteristics of that gene or gene product when
1solated from a naturally occurring source. A wild-type gene
1s that which 1s most frequently observed 1n a population and
1s thus arbitrarily designed the “normal” or “wild-type” form
of the gene. In contrast, the term “mutant” refers to a gene or
gene product which displays modifications in sequence and
or functional properties (i.e., altered characteristics) when
compared to the wild-type gene or gene product. It 1s noted
that naturally-occurring mutants can be 1solated; these are
identified by the fact that they have altered characteristics
when compared to the wild-type gene or gene product.

[0041] ““‘Sequence variation” as used herein refers to differ-
ences 1n nucleic acid sequence between two nucleic acids. For
example, a wild-type structural gene and a mutant form of this

wild-type structural gene may vary 1n sequence by the pres-
ence of single base substitutions, deletions and/or insertions
of one or more nucleotides. These two forms of the structural
gene are said to vary 1n sequence from one another. A second
mutant form of the structural gene may exist. This second
mutant form 1s said to vary in sequence from both the wild-
type gene and the first mutant form of the gene.

[0042] 3.3 Methods of Detecting Target Polynucleotides

[0043] The present disclosure provides methods of detect-
ing target polynucleotides by hybridizing coded molecules to
the target polynucleotides and modifying the coded mol-
ecules with a modilying agent, where the modification 1s
dependent on the presence of a hybridized target polynucle-
otide. In the embodiments herein, the coded molecule com-
prises one or more block polymer regions, the characteristics
of which can be detected by translocating the coded molecule
through a nanopore and detecting a signal associated with the
block polymer regions. Generally, the detected signal waill
vary depending on the length and polymer composition of
cach block polymer region. The signal pattern or signal pro-
file displayed by a coded molecule as a whole can be used as
a signature for the specific coded molecule.

[0044] In various embodiments, the modification reaction
alters the coded molecule, allowing the coded molecule to be
separated from unmodified coded molecules and/or changing
the signal pattern of the modified coded molecule to distin-
guish i1t from a signal pattern of an unmodified coded mol-
ecule. Because the coded molecules 1n various embodiments
can be made single-stranded following the modification, both
biological and solid state nanopores selective for single-
stranded polymers can be used for interrogating the coded
molecule. Multiplex assays for detecting a plurality of differ-
ent target polynucleotides are made possible by using coded
molecules with distinguishable signal patterns generated
from different block polymers or different combinations of
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block polymers used to form the coded molecule. The scope
of multiplexing formats are further expanded by employing
modification reactions that provide additional signal pattern
profiles that assist in distinguishing a modified the coded
molecule from an unmodified coded molecule. The large
numbers of target polynucleotides analyzable with the
described methods can allow the detection of any number of
target polynucleotides, including the multiplexed detection of
nucleotide sequence variations associated with various dis-
cases and the detection of sequence variations that serve as
usetul genetic markers.

[0045] Generally, the method of detecting a target poly-
nucleotide comprises: a) contacting a coded molecule with a
target polynucleotide, wherein the coded molecule comprises
one or more block polymers and a target probe capable of
hybridizing to the target polynucleotide; and b) modifying the
coded molecule with a modifying agent, wherein the modifi-
cation 1s dependent on the presence of the target polynucle-
otide hybridized to the target probe. Presence or absence of
the modification indicates the presence or absence of the
target polynucleotide 1n a sample.

[0046] The term “target polynucleotide” refers to a defined
nucleic acid sequence, the presence or absence of which 1s
being detected. A target polynucleotide can be any nucleo-
base sequence, as further defined below, including but not
limited to, DNA, RNA, and chimeric polynucleotides. The
target polynucleotide can be obtained from any biological
(e.g., cells, viruses, microbes), environmental (e.g., water,
so1l, air), or forensic sources. Target polynucleotide also
includes any polynucleotide generated by any synthetic
method, including any chemical synthetic process and any
polynucleotide amplification technique, for example, poly-
merase chain reaction (PCR), oligonucleotide ligation assay
(OLA), ligase chain reaction (LCR. RCA), reverse tran-
scriptase PCR (RT-PCR), invasive cleavage reaction, strand
displacement cleavage, rolling circle amplification, and 1n
vitro transcription reaction.

[0047] The term “modified” polynucleotide refers to a
polynucleotide that 1s structurally altered, such as by addition
of nucleotides to one end of the polynucleotide, cleavage of
the polynucleotide, replacement of nucleotides, and/or con-
jugation to another polynucleotide. Various modifications can
be adapted for the disclosed methods, including, among oth-
ers, extension of a target probe on the coded molecule by a
template-dependent polymerase, ligation of a ligation probe
to the target probe, and cleavage of the target probe by a
nuclease. Each of these modifications 1s dependent on pres-
ence of a target polynucleotide hybridized to the target probe
of the coded molecule. In the absence of the target polynucle-
otide, the modification reaction does not occur or occurs
inefficiently such that presence or absence of the modification
1s 1ndicative of the presence or absence of the target poly-
nucleotide 1n a sample.

[0048] Thecoded molecules treated with a modilying agent
are 1interrogated by translocating the coded molecule through
a nanopore and detecting a signal pattern associated with the
coded molecule. In some embodiments, prior to analysis
through the nanopore, the coded molecule can be made single
stranded to permit translocation of the coded molecule
through a nanopore selective for a single-stranded polymer.

[0049] The term “translocating” refers to transporting or

passing a coded molecule through a nanopore such that the
coded molecule1s interrogated or scanned from one end of the
coded molecule to the other end of the coded molecule. Trans-
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location conditions can be selected so that the coded molecule
translocates through the nanopore 1 a substantially linear
manner.

[0050] The term “signal pattern” refers to the reproducible
signal profile obtained upon interrogation of the coded mol-
ecule by translocation through a nanopore and detection of
detectable properties of the coded molecule. Signal pattern
profile 1s related to the chemical and physical properties of the
polymer(s) that form the coded molecule and the detection
method used to interrogate it. Signal characteristics include,
among others, the time dependence of the signal, the signal
amplitude, and the temporal appearance of a characteristic
signal relative to other signals.

[0051] In various embodiments, the detected signal pattern
1s associated to a specific coded molecule. The term “associ-
ating”” refers to decoding the detected signal pattern and 1den-
tifying the specific coded molecule represented by that signal
pattern. Decoding the detected signal pattern can be done by
identifyving each element of the signal pattern, for example,
the current blockade signal produced by each of the block
polymer regions, and determining the specific block polymer
regions and their arrangement on the detected polymer to
ascertain the specific coded molecule detected. Decoding can
be also be performed by comparing the detected signal pat-
tern to a known set of signal patterns for coded molecules
used 1n the assay to determine the specific coded molecule
detected.

[0052] In various embodiments, the presence of a target
polynucleotide can be determined by 1dentifying the specific
coded molecule translocated through the nanopore based on
the detected signal pattern, and ascertaining any change 1n the
signal pattern indicative of a target polynucleotide dependent
modification reaction. In some embodiments, the presence of
the target polynucleotide can be determined by 1solating the
modified coded molecule away from unmodified coded mol-
ecules, such as through a capture tag that 1s attached to the
coded molecule 1n a template dependent manner, and then
associating the detected signal pattern to a specific coded
molecule, and thus the target probe and corresponding target
polynucleotide in the sample. In some embodiments, the
presence of a target polynucleotide can be determined via a
combination of 1solating the modified coded molecule via a
capture tag that 1s attached to the coded molecule 1n a tem-
plate dependent manner and then ascertaining any change in
the signal pattern of the 1solated coded molecule, indicative of
a target polynucleotide dependent modification reaction.

[0053] 5.3.1 Coded Molecules

[0054] In various embodiments, the coded molecules for
the methods herein comprises polymers with one or more
defined regions that produces a defined signal when interro-
gated by translocation through a nanopore. The polymer can
be any type of polymer that can be translocated through a
nanopore and detected by any detection method. In some
embodiments, the coded molecule comprises a nucleobase
polymer, with one or more defined polymer regions that have
a detectable property distinguishable from the other portions
of the coded molecule. The segment can be distinguished
based on, among others, temporal appearance of the signal;
signal magnitude; signal duration, signal type (e.g., conduc-
tance or tunneling current), or a combination of the forgoing
signal characteristics.

[0055] In some embodiments, the coded molecule com-
prises a single chain of a nucleobase polymer. In these
embodiments, the coded molecule can be a single-stranded
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polymer of a polynucleotide, such as a single-stranded DNA,
single-stranded RNA, or a single-stranded polynucleotide
analog or mimic. In some embodiments where the coded
molecule comprises a polynucleotide analog or mimic, any
number of nucleobase polymers having a backbone other
than sugar phosphate linkages can be used. Polynucleotide
analogs and mimics include those having linkages of sugar
alkylphosphonates, sugar phosphoramidites, sugar alkyl- or
substituted alkylphosphotriesters, sugar phosphorothioates,
sugar phosphorodithioates, sugar phosphates and sugar phos-
phate analogs 1n which the sugar 1s other than 2'-deoxyribose
or ribose, positively charged analogue “DNGs™ and “RNGs™;
positively charged polyamide backbone with alkylamine side
chains; uncharged polyamide backbones; uncharged mor-
pholino-phosphoramidate; peptide-based nucleic acid mimic
backbones; carbamate backbones; amide backbones; meth-
ylhydroxyl amine backbones; 3'-thioformacetal backbones;
sulfamate backbones and threofuranosyl backbones. Exem-
plary single nucleobase polymers include a glycol nucleic
acid with an acyclic three carbon propyleneglycolphosphodi-
ester backbone and a-threoturanosyl backbones (Schoning et
al., supra), both of which can undergo Watson and Crick base
pairing interactions (Zhang et al., 2004, J. Amer. Chem. Soc.
Epub). Other types of nucleobase polymers will be apparent
to the skialled artisan.

[0056] The coded molecules can also be chimeric nucleo-
base polymers, where the single-stranded nucleobase poly-
mer comprises a plurality of different nucleobase polymers,
such as different combinations of polynucleotides, poly-
nucleotide analogs and polynucleotide mimics. Non-limiting
examples of a chimeric nucleobase polymers include, among
others, single-stranded polynucleotides comprising a seg-
ment of RNA and a segment of DNA, a segment of RNA and
a segment ol PNA, or a segment of DNA and a segment of
PNA. Other chimeric nucleobase polymers will be apparent
to the skilled artisan.

[0057] In other embodiments, the coded molecule 1s poly-
mer comprising a chimera of a single stranded nucleobase
and non-nucleobase polymers, where the non-nucleobase
polymer regions or linkers connect segments of single-
stranded nucleobase polymers. Various synthetic polymers
can be used to connect polynucleotide segments together to
from a linear polymer chain. Non-limiting examples of such
polymers include polyethylene glycol (PEG), polystyrenes,
polyacrylic acids, polyacetamides, polyphosphates, and other
polymers that do not form Watson and Crick or Hoogsteen
base pairs with a nucleobase polymer. The synthetic polymers
can be block polymers or block copolymers. A non-limiting
example of a composite coded molecule 1s a single stranded
polymer formed with a block polymer of polyethylene glycol
and a polymer of deoxypolynucleotides, as described 1n
Sanchez-Quesada et al., 2004, Angew Chem Int Ed 43:3063-
3067 and Jaschke et al., 1994, Nucleic Acids Res. 22(22):
4810-4817. Other composite polymers of polynucleotides
and non-polynucleotide polymers or linkers are described 1n,
among others, U.S. Patent Application No. 2005/0153926;
Greenberg et al., J Org Chem 66:7151-7134; and Pon and Yu,
20035, Nucleic Acids Res. 33(6):1940-1948; the disclosures of

which are imncorporated herein by reference.

[0058] In various embodiments, the block polymer region
ol the coded molecule comprises any block polymer that has
an associated detectable property. The block polymer can be
a block polymer of a purine, purine analog, pyrimidine, or
pyrimidine analog. For example, exemplary pyrimidine block
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polymers include polyC, polyT, and polyU, while exemplary
purine block polymer include poly A, polyG, and 2,6-di1ami-
noadenine. In other embodiments, the block polymer region
can be a block copolymer, such as an alternating copolymer.
The alternating copolymer can be alternating purines, alter-
nating pyrimidines or alternating purine/pyrimidine. An
exemplary alternating purine 1s a region of (AG) , wheren 1s
the number of repeating units, while an exemplary alternating,
pyrimidine 1s (CT), . Exemplary block polymer of alternating
purine-pyrimidine 1s (AC) , (AT),, (GC), , or (GT), . In other
embodiments, the block polymer region can be dinucleotide,
trinucleotide, or tetranucleotide repeat sequences, e.g., -(AG)
-, —(CT), , -(ATC), -, -(TTA) -, -(AGTC)n, etc., that pro-
duce a defined detectable signal.

[0059] In the embodiments herein, any number of block
polymer regions can be used to generated the coded molecule.
Thus, coded molecule can have at least 1, at least 2, at least 3,
at least 3, at least 10, at least 20, at least 30, up to 50 or more
block polymer regions. It 1s to be understood that the number
of block polymer regions can be readily defined by those
skilled 1n the art, taking into consideration various factors,
which include, among others, block polymer length and
detectable characteristics of the block polymer region. In
some embodiments, the coded molecule comprises a plurality
ol block polymer regions, where a plurality refers to two or
more.

[0060] In some embodiments, the plurality of block poly-
mer regions can comprise a combination of block polymer
regions in which the block polymer regions differ in sequence
and/or polymer type. For example, 1n some embodiments, a
first block polymer region can be a polypurine G with a
deoxyribophosphate backbone while a second block polymer
region can be a polypurine G with a peptide nucleic acid
backbone. While the two regions are made of the same
nucleobase, the differences in the backbone are expected to
produce two distinguishable signals when interrogated
through the nanopore. As will be apparent to the skilled
artisan, any number of combinations of block polymer
regions ol a particular nucleobase and a polymer backbone
can be used to generate a diverse number of coded molecules.
Exemplary backbones that can be used to distinguish one
block polymer region from another include, PNA backbones,
phosphorothioate backbones, deoxyribophosphate back-
bones, and ribophosphate backbones. Backbones of different
1someric forms, such as Rp and Sp phosphorothioate oligo-

nucleotides can be used to distinguish the block polymer
regions (see, e.g., Wilk et al., 2000, J Am Chem Soc 122:
2149).

[0061] Thelength ofthe block polymerregion can be of any
length that 1s suificient to produce a detectable signal, and can
vary depending on the detection method employed and the
property of the block polymer region desired. In various
embodiments, the block polymer region can be at least about
S or more monomer units, about 10 or more monomer units,
about 25 or more monomer units, about 50 or more monomer
units, about 100 or more monomer units, about 200 or more
monomer units, about 500 or more monomer units, about
1000 or more monomer units, up to about 2000 or more
monomer units. It 1s to be understood that the length of the
block polymer region can be longer as needed to produce a
defined si1gnal.

[0062] In some embodiments, two or more of the block
polymer regions are separated by a non-block polymer
region. The term “non-block polymer region™ refers to a
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polymer region that 1s not made of the same repeating mono-
mer unit. An exemplary non-block polymer region 1s a poly-
mer region of a random sequence of nucleobases. Non-block
polymer region can show a change in the signal between the
block polymer regions, which allows distinguishing one
block polymer region from another block polymer region,
even 1f the two block polymer regions have the same signal
characteristics. Non-block polymer regions of differing
lengths 1n the same range as those described above for the
block polymer regions can be used.

[0063] In the coded molecules herein, the block polymer
regions are ordered on the coded molecule such that detecting
the detectable property generates a defined signal pattern.
“Ordered” as used herein refers to a specified spatial arrange-
ment of the block polymer regions on the coded molecule.
Any number of block polymer regions can be arranged in
various permutations to generate a large number of different
coded molecules. For example, block polymer regions with
the same detectable property can be positioned at different
distances from each other to generate coded molecules 1n
which the variation 1n time period between signals produced
allows differentiating one coded molecule from another
coded molecule. In other variations, a set of block polymer
regions can be arranged 1n different spatial arrangements on
the single stranded coded molecule to generate a large num-
ber of coded molecules based on a limited number of block
polymer regions.

[0064] In some embodiments, the plurality of block poly-
mer regions 1s ordered on the coded molecule such that the
signal pattern obtained 1s a symmetric signal pattern. A sym-
metric signal pattern refers to a generated signal pattern that
1s substantially identical when the coded molecule is translo-
cated through the nanopore beginning from either end of the
coded molecule. In still other embodiments, the plurality of
the block polymer regions 1s ordered on the coded molecule
such that the signal pattern obtained i1s an asymmetric signal
pattern. An asymmetric signal pattern refers to a generated
signal pattern that 1s not substantially identical when the
coded molecule enters the pore at one end of the molecule as
compared to the generated signal pattern when the molecule
enters the pore from the other end. Thus, a signal pattern that
1s asymmetrical allows distinguishing the polarnity of the
coded molecule translocated through the nanopore.

[0065] In various embodiments herein, the coded molecule
turther comprises a target probe having a region that anneals
to a target polynucleotide. The term “target probe™ refers to a
component of the coded molecule having a region comple-
mentary or substantially complementary to a target poly-
nucleotide and which anneals to the target polynucleotide
under reaction conditions suitable for the modification reac-
tion. In some embodiments, the target probe 1s on the same
polymer strand as the coded molecule. An exemplary target
probe of this type 1s one 1 which the coded molecule 15 a
deoxyribonucleotide, and a specific sequence of the deoxyri-
bonucleotide 1s complementary to the target polynucleotide.
In other embodiments, the target probe i1s attached to the
coded molecule indirectly, such as through a linker or by
hybridization through a complementary sequence. One
exemplary embodiment of indirect attachment 1s where a
target probe 1s hybridized to the target polynucleotide, modi-
fied by the modifying agent, and then attached to the coded
molecule for analysis via the region of complementarity
between the target probe and the coded molecule. This
embodiment generates a coded molecule with a double
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stranded region, which can be interrogated by translocation
through the nanopore of suificient dimension for passage of
the double-stranded segment. Typically, however, the target
probe 1s on the same single polymer forming the coded mol-
ecule such that the coded molecule can be interrogated via a
nanopore that allows for passage of a single stranded poly-
nucleotide. In some of these embodiments, the nanopore 1s
selective for passage of a single stranded polynucleotide.

[0066] In various embodiments, the target probe 1s modifi-
able by the various modifying agents described herein. Con-
sequently, the region of the target probed involved in the
modification reaction 1s typically a sugar-phosphate back-
bone of naturally occurring polynucleotides. These regions
include, where appropnate, the terminal regions, such as
when the modifying agent 1s a template dependent poly-
merase, and/or internal regions subject to recognition and
cleavage by a nuclease. In some embodiments, the entire
target probe 1s a polynucleotide with a sugar phosphate back-
bone (e.g., deoxyribonucleic acid or ribonucleic acid). In
other embodiments, the target probe can be a chimeric poly-
nucleotide 1n which one region 1s a polynucleotide analog or
polynucleotide mimic. An exemplary chimeric target probe
of this type 1s a target probe made of a peptide nucleic acid and
a polynucleotide, where the polynucleotide region of the tar-
get probe 1s modified by a template-dependent polymerase.
For instance, the region hybridizing to the target polynucle-
otide can be made of the peptide nucleic acid while the ter-
minal region extended by the polymerase 1s made of a deox-
yribonucleic acid. Other chimeric polynucleotides suitable a
target probes will be apparent to the skilled artisan.

[0067] Insome embodiments, the target probe of the coded
molecule can further comprise a signal generating segment,
as described 1n the various embodiments herein. The term
“signal-generating segment” refers to a polymer or poly-
nucleotide of any sequence and/or length that provides a
distinctive signal to the signal pattern of the coded molecule.
Typically, the signal-generating segment does not hybridize
to the target polynucleotide, although in some embodiments,
the signal generating segment can have a region complemen-
tary to the target polynucleotide. The signal generating seg-
ment can be from about 10 monomer units or longer, 20
monomer units or longer, 50 monomer units or longer, 100
monomer units or longer, 500 monomer units or longer, up to
1000 monomer units. It 1s to be understood that 1n some
instances, the signal generating segment can be longer 1f
needed to distinguish a modified coded molecule from an
unmodified coded molecule. The sequence of the signal-gen-
erating segment can be any sequence that produces a distinct
signal when interrogated through the nanopore. In some
embodiments, the signal generating segment comprises block
polymers, as described for coded molecules. Thus, in some
embodiments, the signal generating segment can comprise a
second coded molecule.

[0068] An illustrative coded molecule with block polymer
regions 1s given in FIG. 1A, which shows a single stranded
polymer with a first block polymer region 100, a second block
polymer region 102, a third block polymer region 103, and a
target probe segment 104. A non-block polymer region 101
separates the first and second block polymer regions, and
separates the signals generated by the first and second block
polymer regions. A target polynucleotide 105 1s hybridized to
a complementary region of the target probe. A symbolic rep-
resentation of current blockade signal pattern associated with
the coded molecule 1s provided 1n FIG. 1B.
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[0069] In the methods herein, the coded molecules 1 1ts
various forms are contacted with the target polynucleotide
under suitable conditions to permit annealing of the comple-
mentary regions of the target probe and the target polynucle-
otide. The target probe hybridized to the target probes 1s then
treated with a moditying agent to modily the target probe,
thereby altering the structure of the coded molecule. The
following sections describe various moditying agents suit-
able for target polynucleotide dependent modifications of
coded molecules.

[0070] 35.3.2 Modification of Coded Molecules by Target
Polynucleotide Dependent Primer Extension

[0071] Insomeembodiments, the modification 1s extension
of a terminus of the target probe by the action of a modifying
agent, where the extension reaction 1s dependent on presence
of a target polynucleotide hybridized to the target probe.
Generally, the modification 1s target polynucleotide directed
clongation of the 3-prime terminal region of the target probe
in which the moditying agent is a template-dependent poly-
merase. In these embodiments, the target probe 1s designed to
hybridize to a portion of the target polynucleotide such that
the hybridized target polynucleotide has an unhybridized seg-
ment that can support extension of the target probe. For
example, the target probe can be designed to have 3-prime
terminal sequences that hybridize to a 5-prime region of the
target polynucleotide, where the remaining 3-prime portion
of the target polynucleotide remains unpaired and serves as a
template for extension of the target probe.

[0072] The term “elongation” refers to extension of a poly-
nucleotide hybridized to another polynucleotide, and typi-
cally occurs by extension of the polynucleotide by incorpo-
ration of nucleotide triphosphate precursors by a template-
dependent polymerase enzyme. The 3-prime terminal
nucleotide of the target probe must be properly base-paired to
the complementary nucleotide on the target polynucleotide to
be elongated by the polymerase. Thus, 1n some embodiments,
the 3-prime terminal nucleotide of the target probe can be
used to interrogate a site of sequence variation in the target
polynucleotide, such as a nucleotide polymorphism.

[0073] In various embodiments, the elongation reaction 1s
carried out 1n the presence of one or more nucleotide triph-
osphates suitable as substrates for the template dependent
polymerase. In some embodiments, the elongation reaction 1s
carried out 1n presence of all four nucleotide triphosphates to
maximize the elongation reaction and replicate the strand
complementary to the unpaired portion of the target poly-
nucleotide.

[0074] Insome embodiments, the nucleotide triphosphates
can be labeled with a detectable tag, such as a fluorophore,
hapten, quantum dot, electron-transier moiety, or a bulky
adduct, and detected by the methods described 1n U.S. pro-
visional application No. 60/736,960, filed Nov. 14, 2005,
incorporated herein by reference. As disclosed therein, the
label can also be detected by their effect on current blockade,
clectron tunneling current, or charge induced field effects.
Detection of labeled segments can be enhanced by having all
four nucleotide triphosphates labeled with a common detect-
able tag.

[0075] Insome embodiments, the nucleotide triphosphates
are labeled with a capture tag, which can be used to 1solate the
modified coded molecule from unmodified coded molecules.
Exemplary capture tags include, among others, biotin,
(Langeretal., 1981, Proc Natl Acad Sci USA '78:6633) which

can be captured using streptavidin or biotin-specific antibod-




US 2010/0291548 Al

1es; a hapten such as digoxigenin (Kerkhot, 1992, Anal Bio-
chem 205:359-364), which can be captured using an anti-
digoxigenin antibody; and a fluorophore (e.g., Lucifer
yellow, fluorosceine), which can be captured also with a cor-
responding antibody. In some embodiments, the capture tag
can comprise a specific sequence mcorporated into the target
polynucleotide and which 1s attached to the coded molecule
by the template dependent polymerase. In other embodi-
ments, the capture sequence can be incorporated 1nto a target
polynucleotide by ligation of oligonucleotides or use of prim-
ers containing the capture sequence in an amplification reac-
tion. Other capture tags that can be substrates for the poly-
merase will be apparent to a skilled artisan. The ability to
1solate coded molecules modified with a capture tag provides
a method of determining the presence or absence of a target
polynucleotide since only those coded molecules having the
capture tag will have been modified 1n a target polynucleotide
dependent manner. Coded molecules modified with a capture
tag can be 1solated from unmodified coded molecules and
analyzed by translocated through a nanopore.

[0076] Insomeembodiments, the target probe of the coded
molecule hybridizes to a region of the target polynucleotide
immediately adjacent to the nucleotide base to be 1dentified.
In these embodiments, the nucleotide base to be interrogated
1s the first unpaired base 1n the target polynucleotide (i.e.,
template) immediately downstream of the 3-prime terminus
of the target probe. Enzymatic extension of the target probe
by one nucleotide, catalyzed, for example, by a polymerase,
thus depends on correct base pairing of the added nucleotide
to the nucleotide base to be 1dentified. In some embodiments,
the hybridized target probe can be contacted with a poly-
merase 1 presence of four terminators nucleotides (e.g.,
dideoxynucleotides), each terminator being labeled with a
different detectable tag or the same or different capture tags.
The duplex of the target probe and the target polynucleotide 1s
contacted with the polymerase under conditions permitting
base pairing of a complementary terminator nucleotide so as
to mncorporate the terminator at the 3-primer terminus of the
target probe. Use of chain terminating nucleotides for inter-
rogating single nucleotide positions on a target polynucle-
otide 1s described 1n U.S. Pat. No. 5,88,819, the disclosure of
which 1s incorporated herein by reference.

[0077] Various template-dependent polymerases capable
of extending the target probe hybridized to the target poly-
nucleotide can be used as the modilying agent. These include,
among others, DNA polymerases and reverse transcriptases.
The polymerase must be primer and template dependent.
Exemplary polymerases include, among others, E. coli DNA
polymerase I, “Klenow fragment™ of DNA polymerase I, T4
DNA polymerase, T7 DNA polymerase (e.g., Sequenase®),
1. aquaticus DNA polymerase, and retroviral reverse tran-
scriptase (e.g., MMLYV). The choice of a template dependent
polymerase and selection of the conditions for efficient
hybridization and elongation are well within the skill of those
in the art. For example, 11 the 3-prime terminal nucleotide of
the target probe 1s used to interrogate a site ol sequence
variation 1n the target polynucleotide, a polymerase substan-
tially lacking in a proofreading 3-prime to 3-prime exonu-
clease can be used to minimize removal of the unpaired nucle-
otide by the exonuclease. In those embodiments 1n which the
target polynucleotide 1s RNA, a reverse transcriptase can be
used to extend the 3-terminal nucleotide of the target probe of
the coded molecule.
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[0078] An illustration of the polymerase mediated exten-
sion assay 1s given 1n FIG 1A and FIG. 1B. The illustrated
coded molecule 1s hybridized to the target polynucleotide
such that the 3-prime region of the target polynucleotide 105
remains unpaired. The hybridized 3-terminal region of the
target probe 1s then elongated by a template-dependent poly-
merase by mcorporation of nucleotide triphosphate precur-
sors onto the target probe 106. After rendering the modified
coded molecule single stranded, the coded molecule 1s trans-
located through a nanopore and scanned to detect 1ts associ-
ated signal pattern. A symbolic representation of current
blockade signal patterns for an unmodified and modified
coded molecules are given in FIG. 1B. Elongation of the
coded molecules allows the modified coded molecule to be
distinguished from the unmodified coded molecule. Further
sensitivity in the reaction can be achieved by use of capture
tags 1n the incorporated nucleotides, which allows 1solation of
modified coded molecules from unmodified coded mol-
ecules.

[0079] 35.3.3 Modification of a Coded Molecule by Rolling
Circle Replication

[0080] Insome embodiments, the modification used 1n the
methods herein 1s a polymerase mediated extension reaction
in which the target polynucleotide 1s a sequence on a closed
circular nucleic acid to which the target probe of the coded
molecule hybridizes. Activity of a polymerase extends the
target probe, generating tandem copies of the circular nucleic
acid attached to the target probe. This form of primer exten-
s10n 1s typically referred to as rolling circle replication and 1s
described 1n U.S. Pat. No. 6,977,153; 6,858,412; 6,797,474
6,783,943: 6,221.603; and 6,210,884, the disclosures of
which are incorporated herein by reference. The closed cir-
cular target polynucleotide 1s generated by ligating an open
circle probe (OCP) to which hybridizes a nucleic acid
sequence of interest. The OCP 1s a linear nucleic acid that has
a 5-prime phosphate at one end and a 3-prime hydroxyl at the
other end such that the two ends are capable of being ligated
by a ligase. Two terminal portions present on the OPC have
sequences complementary to a nucleic acid sequence of inter-
est. A first terminal portion comprises sequences at the
S-prime phosphate terminal region while the second terminal
portion comprises sequences at 3-prime hydroxyl terminal
region. The first and second terminal portions hybridize to
adjacent segments on the nucleic acid of interest, thereby by
forming adjacent (1.¢., abutted) 5-prime and 3-prime terminal
nucleotides of the OPC that serve as substrates for a ligase. In
the absence of the specific nucleic acid of interest, ligation of
the OCP does not take place.

[0081] The open circle further comprises a primer comple-
ment portion to which the target probe on the coded molecule
hybridizes. Typically, a single primer complement portion 1s
present on the open circle probe, which allows rolling circle
replication to mtiate at one site. The primer complement
portion can be of any length to support hybridization of the
target probe of the coded molecule to the circular target poly-
nucleotide and can be located any where within the open
circle probe. There 1s no limitation on the sequence of the
primer complement portion as long 1t has regions comple-
mentary to target probe.

[0082] In some embodiments, the open circle probe com-
prises a capture sequence, which comprises sequences
complementary to a capture probe. When the ligated circular
probe becomes replicated as part of the coded molecule, the
modified coded molecule can be 1solated through use of a
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capture probe that 1s complementary to the capture tag por-
tion. The open circle probe may have one or more capture tag,
portions, which may be the same sequence or different
sequences. As discussed above, 1n other embodiments, nucle-
otide triphosphate precursors labeled with capture tags can
also be used to 1solate coded molecules having tandem copies
of the circular target polynucleotide.

[0083] In still other embodiments, the OCP can have addi-
tional sequences to generate distinctive signal patterns. Thus
the OCP can serve as a signal generating segment or another
coded molecule when replicated. In some embodiments, the
additional sequences can comprise one or more block poly-
mer regions, which 1n combination, produce a signal pattern
in the manner of a coded molecule. OCPs that produce dis-
tinctive signal patterns when interrogated through a nanopore
can be used to enhance the multiplexing capabilities of the
coded molecules.

[0084] Generally, the rolling circle reaction 1s carried out
by hybridizing a nucleic acid of interest to the open circle
probe, optionally filling any gaps with a polymerase and
nucleotide triphosphates (or by use of a gap oligonucleotide),
and ligating the open circle probe to generate a closed circular
probe. A coded molecule having a target probe with sequence
complementary to the primer complementary portion 1is
hybridized to the closed circle probe, and a polymerase added
to extend the 3-prime terminal region of the target probe,
where the closed circular probe acts as a template for the
polymerase. The product formed 1s a coded molecule with
tandem sequences of the closed circular probe attached to the
target probe. Because the product of rolling circle replication
1s single-stranded, the modified coded molecules can be
translocated directly through a nanopore selective for a
single-stranded polymer. Steps for rolling circle modification
of a coded molecule typically can comprise mixing an OCP
with a nucleic acid of interest and incubating the sample
mixture under conditions promoting hybridization between
the open circle probe and the nucleic acid of interest; mixing
a ligase with the OCP-nucleic acid mixture and incubating
under conditions promoting ligation of the open circle probe;
mixing a coded molecule with the ligation mixture and incu-
bating under conditions that promote hybridization between
the target probe and complementary sequence on the ligated
open circle probe; and adding a template-dependent poly-
merase and incubating under conditions promoting replica-
tion of the circular target polynucleotide.

[0085] DNA polymerases useful 1n the rolling circle repli-
cation will typically be capable of displacing the strand
complementary to the template strand, have low or no
S-prime to 3-prime exonuclease activity, and have highly
processive characteristics. Strand displacement activity 1s
desirable for synthesizing multiple tandem copies of the
ligated OCP while low or absent 5-prime to 3-prime exonu-
clease activity minimizes destruction of the synthesized
strand. Suitable DNA polymerases for rolling circle synthe-

s1s, include, among others, bacteriophage 29 DNA poly-
merase (U.S. Pat. No. 5,198,543 and U.S. Pat. No. 3,001,

050), phage M2 DNA polymerase (Matsumoto et al., 1989,
(rene 84:247), phage ¢PRD1 DNA polymerase (Jung et al.,
1987, Proc Natl Acad Sci USA 84:8287), VENT™ DNA
polymerase (Kong et al., 1993, J Biol Chem 268:1965-1975),
Klenow fragment of DNA polymerase 1 (Jacobsen et al.,
1974, Eur J Biochem 45:623-627), T5 DNA polymerase
(Chatterjee et al., 1991, Gene 97:13-19), PRD1 DNA poly-
merase (Zhu and Ito, 1994, Biochim Biophys Acta 1219:2677 -
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2'76), and T4 DNA polymerase holoenzyme (Kaboord and
Benkovic, 1995, Curr Biol 5:149-157).

[0086] In some embodiments, hybridization of the OCP to
the nucleic acid of interest leaves a gap between the two
terminal portions of the OCP. The length of the gap can be
from 1 or more nucleotides, 5 or more nucleotides, 10 or more
nucleotides, 50 or more nucleotides, or 100 or more nucle-
otides. Gaps that are present when the nucleic acid of interest
hybridizes to the open circle probe can be filled with a poly-
merase 1n presence of nucleotide triphosphates to generate a
product suitable for ligation. Polymerases suitable for filling
a gap can be any polymerase capable of acting on the gap, but
will generally have low or minimal strand displacement activ-
ity to limit displacement of the hybridized portion of the
target probe. Suitable gap-filling polymerases include,
among others, T7 DNA polymerase (Studier et al., 1990,
Methods Enzymol 185:60-89), T4 DNA polymerase (Kunkel
ctal., 1987, Methods Enzyvmol 154:367-382), Thermus flavus
DNA polymerase (MBR, Milwaukee, Wis.), and Stoffel frag-
ment of Tag DNA polymerase (Lawyer et al., 1993, PCR
Methods Appl 2(4).275-287; and King et al., 1994, J Biol
Chem 269(18):13061-13064). In some embodiments, the gap
1s filled by use of gap filling oligonucleotide, which hybrid-
1zes to the nucleic acid of interest in the gap space such that
the termini of the gap oligonucleotide 1s adjacent to the
S-prime terminus and 3-prime terminus of the OPC.

[0087] Insome embodiments, strand displacement for roll-
ing circle replication can be facilitated through the use of
strand displacement factors, which allow use of polymerases
lacking strand displacement activity. Exemplary strand dis-
placement factors useful for rolling circle modification of a
coded molecule include BMRF1 polymerase accessory sub-
unit, adenovirus DNA-binding protein, herpes simplex viral
protein ICP8, single-stranded DNA binding proteins, and
helicase enzymes.

[0088] An illustrative embodiment of a rolling circle based
modification 1s given 1n FIG. 2A. The components of the
coded molecule are 1dentical to that illustrated in FIG. 1A.
The target polynucleotide 200 1s a closed circular polynucle-
otide generated by ligation of an OCP hybridized to a nucleic
acid of interest. The target probe 1s complementary to a
primer complementary region 201 of the circular target poly-
nucleotide. Treating the hybridized complex with a template
dependent polymerase results 1n replication of tandem copies
201 of the closed circular target polynucleotide. A corre-
sponding symbolic representation of current blockade signal
patterns of the unmodified and modified coded molecules are
presented in FI1G. 2B. In the 1llustration, the tandem copies are
expected to produce a repeating signal pattern that follows the
signal pattern associated with the block polymer regions of
the coded molecule.

[0089] 5.3.4 Modification of Coded Molecules by Target
Polynucleotide Directed Ligation

[0090] In some embodiments, the modification 1s target
polynucleotide dependent ligation of a ligation probe to the
target probe. In these embodiments, the modifying agent 1s a
ligase capable of ligating two adjacently hybridized poly-
nucleotides. The term “ligation probe” refers to a polynucle-
otide capable of hybrnidizing to a first region of the target
polynucleotide adjacent to a second region, where the second
region hybridizes to the target probe of the coded molecule.
“Adjacent” refers to abutting sequences of the target poly-
nucleotide such that two polynucleotides hybridized to adja-
cent regions forms a complex in which a terminus of one
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polynucleotide and the terminus of the other polynucleotide
are adjacent to one another (1.e., no nucleotide gap exists
between the two termini). In the embodiments herein, hybrid-
ization of the target probe and the ligation probe to the adja-
cent first and second regions on the target polynucleotide
forms a complex that can be ligated by a ligase 11 suitable
S-prime and 3-prime terminal structures are present (e.g.,
S-prime phosphate and 3-prime hydroxyl).

[0091] In some embodiments, the ligation probe and the
target probe can hydridize to the target polynucleotide to
leave a gap between the hybridized ligation probe and target
probe. As noted above, such gaps can be filled by use of a
suitable template dependent polymerase in presence of nucle-
otide triphosphate precursors suitable as substrates for the
polymerase. Polymerase can extend the 3-prime hydroxyl
terminus of one of the polynucleotides hybridized to the
target polynucleotide to fill 1n the gap, thereby generating a
ligation probe and target probe adjacent to one another on the
target polynucleotide. Alternatively, a gap oligonucleotide, as
discussed above, can be used to fill in the gap. The use of a
combination of ligation probe and gap oligonucleotide (or
polymerase) can be used to interrogate the presence or
absence of particular sequences 1n the gap, thereby providing
another basis for distinguishing the presence or absence of a
target polynucleotide.

[0092] In some embodiments, the length and/or sequence
of the ligation probe 1s chosen to distinguish the signal pattern
of a coded molecule modified by ligation of the ligation probe
from the signal pattern of an unmodified coded molecule. In
some embodiments, the portion of the ligation probe comple-
mentary to the target polynucleotide can be made suiliciently
long to produce a signal pattern that distinguishes the ligation
probe modified coded molecule from an unmodified coded
molecule. In various embodiments, the ligation probe can be
from about 10 nucleotides or longer, about 20 nucleotides or
longer, about 50 nucleotides or longer, about 100 nucleotides
or longer, about 200 nucleotides or longer, up to about 500
nucleotides or more as necessary. It 1s well within the knowl-
edge of the skilled artisan to determined the length of ligation
probe suitable for the purposes herein.

[0093] In some embodiments, the ligation probe, 1n addi-
tion to a region complementary to the target probe, has a
second region that functions as a signal generating segment.
Asdiscussed above, the signal-generating segment can be any
polymer or polynucleotide of any sequence and length that
distinguishes the signal pattern of the modified coded mol-
ecule from the signal pattern of an unmodified coded mol-
ecule.

[0094] In other embodiments, the ligation probe comprises
a label, which may be a detectable tag and/or capture tag.
Capture tags can be used to 1solate the coded molecule modi-
fied by the modifying agent before being analyzed in the
nanopore. Detectable tags can be used to detect the modified
coded molecule. As discussed herein, detectable tags that can
be used, include, among others, fluorophores, nanoparticles,
quantum dots, steric modifiers, and electron transier labels.
Detection of the detection tags can use techniques described
in U.S. provisional application No. 60/736,960, filed Nov. 14,

2006, incorporated herein by reference.

[0095] In various embodiments, the terminal nucleotide of
cither the target probe or the ligation probe can be used to
interrogate a site ol nucleotide variation in target molecules
based on the nability of ligases to ligate two adjacent poly-
nucleotides in which at least one of the abutting terminal
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nucleotides 1s not complementary to the corresponding nucle-
otide on the target polynucleotide. In some embodiments, the
target probe interrogates a site of nucleotide polymorphism
on the target polynucleotide. The terminal nucleotide for
interrogating the nucleotide on the target polynucleotide can
be a S-prime or 3-prime terminal nucleotide of the target
probe. When the interrogating nucleotide 1s the 3'-terminal
nucleotide of the target probe, the ligation probe 1s designed
to hybridize to the target polynucleotide such that the 3-prime
terminus of the ligation probe 1s adjacent to the 5-prime
terminus of the target probe. When the interrogating nucle-
otide 1s the 3'-terminal nucleotide of the target probe, the
ligation probe 1s designed to hybridize to the target polynucle-
otide such that 5-prime terminus of the ligation probe 1is
adjacent to the 5-prime terminus of the target probe. In either
case, non-complementarity (i.e., a mismatch) between the
nucleotide on the target polynucleotide and the interrogating
terminal nucleotide of the target probe inhibits ligation of the
ligation probe to the target probe.

[0096] In other embodiments, the terminal nucleotide of
the ligation probe, rather than the target probe, interrogates a
site of nucleotide variation on the target polynucleotide. In
these embodiments, the interrogating nucleotide can be a
S-prime or 3-prime terminal nucleotide of the ligation probe.
When the interrogating nucleotide 1s the 3-prime terminal
nucleotide of the ligation probe, the target probe 1s designed
to hybridize to the target polynucleotide such that the 3-prime
terminus of the target probe 1s adjacent to the S-prime termi-
nus of the ligation probe. When the interrogating nucleotide 1s
the 3-prime terminal nucleotide of the ligation probe, the
target probe 1s designed to hybridize to the target polynucle-
otide such that the 5-prime terminus of the target probe 1s
adjacent to the 3-prime terminus of the ligation probe. In
either case, non-complementarity of the opposing nucleotide
on the target polynucleotide and the interrogating terminal
nucleotide of the ligation probe can inhibit the ligation of the
ligation probe to the target probe.

[0097] In the forgoing embodiments, the modilying agent
for the ligation reaction 1s a ligase. “Ligase” useful for the
purposes herein refers to molecules that covalently link poly-
nucleotides adjacently hybridized to the target polynucle-
otide but that fails or 1s otherwise 1netlicient 1n ligating free
ends of a single-stranded polynucleotide. Ligases can be
chemical or enzymatic. Enzymatic ligases include, among
others, ATP dependent DNA ligases, NADPH dependent
DNA ligases, and RNA ligases. Exemplary ligases include,
among others, T4 DNA ligase, F. coli. DNA ligase (Panasnko
etal., 1978, J Biol Chem. 253:4590-4592), AMPLIGASE™,
(Kalinetal., 1992, Mutat Res 283(2):119-123); Winn-Deen et
al., 1993, Mol Cell Probes 7(3):179-186), Thermus aquaticus
DNA ligase (Barany, 1991, Proc Natl Acad Sci USA 88:
189-193), Thermus thermophilus DNA ligase, Thermus
scotoductus DNA ligase, and Rhodothermus marvinus DNA
ligase (Thorbjarnardottir et al., 1995, Gene 151:177-180). T4
DNA ligase 1s suited for ligations mvolving RNA due to 1ts
ability to ligate DNA ends mmvolved in DNA:RNA hybrids.
DNA ligase and RNA ligase ligates DNA strands hybridized
to a RNA strand (see, e.g., U.S. Pat. No. 6,368,801). T4 RNA
ligase joins a 3-prime hydroxyl terminated RNA to a 5-prime
phosphate terminated RNA (Silber et al., 1972, Proc Nat!
Acad Sci USA 69:3009). RNA molecules hybridized to RNA
or DNA strands can be ligated by T4 RNA ligase.

[0098] Various chemical ligases can use reactive groups to
join two adjacently hybridized polynucleotides. Chemical
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ligation 1s described 1n Naylor and Gilham, 1966, Biochem-
istry 5:2722-2728; Sokolova et al, 1988, FEBS Lett 232:153-

155; Shabarova, 1988, Biochimie 70:1323-1334; Chu, 1988,
Nucleic Acids Res. 16:3671-3691; Luebke and Dervin, 1991,
J Am Chem Soc 113:7447-7448; L.uebke and Dervan, 1992,
Nucleic Acids Res. 20:3005-3009; Prakash and Kool, 1992, J
Am Chem Soc 114:3523-35277; Gryaznov and Letsinger,
1993, J Am Chem Soc 115:3808-3809; Gryaznov and
Letsinger, 1993, Nucleic Acids Res. 114:9197-9198; and U.S.
Pat. No. 5,681,943,

[0099] Anillustrative ligation assay 1s provided in FIG. 3A.
The coded molecule 1s essentially the same as that described
for FIG. 1A. The target polynucleotide 301 comprises adja-
cent first and second regions while the ligation probe com-
prises a S-prime region 300 that hybridizes to the first region
of the target polynucleotide. The target probe comprises a
3-prime region 303 that hybridizes to the second region of the
target polynucleotide such that the 5-prime terminus of the
ligation probe and the 3-prime terminus of the target probe are
adjacent when the ligation probe and the target probe are
annealed to the target polynucleotide. The ligation probe can
turther comprise a signal generating segment 305. Upon
treatment of the mixture with ligase, the ligation probe 1s
joined to the target probe. The modification results in a coded
molecule with a signal pattern distinguishable from the signal
pattern of an unmodified coded molecule by the presence of
signals contributed by the ligation probe and the signal gen-
erating segment. FIG. 3B symbolically illustrates a current
blockade signal pattern for a coded molecule modified by
ligation of a ligation probe and 1ts corresponding unmodified
coded molecule.

[0100] In some embodiments, detecting a plurality of dii-
ferent target polynucleotides can use coded molecules that
have distinguishable signal patterns, as further described
below. In these embodiments, each of the different coded
molecules 1s associated with a target probe that hybridizes to
a specific target polynucleotide. Upon interrogating the coded
molecule by translocation through a nanopore, the detected
signal pattern 1s decoded and associated to a specific coded
molecule and 1ts target probe. In some embodiments, the
presence of a target polynucleotide 1s determined by 1solating,
modified coded molecules from unmodified molecules
through use of captures tags on the ligation probes. In other
embodiments, a change 1n the detected signal pattern as com-
pared to a signal pattern of an unmodified coded molecule can
be used as the basis for determining the presence of the target
polynucleotide. As will be apparent to the skilled artisan, both
approaches can be used to increase the sensitivity of detecting
a target polynucleotide.

[0101] In other embodiments, the same coded molecules
can be used but in combination with different ligation probes,
where each different ligation probe changes the signal pattern
of the coded molecule uniquely to allow a coded molecule
modified with one ligation probe to be distinguished from a
coded molecule modified with another ligation probe. In
some embodiments, the coded molecules can hybridize to the
same sequence on different target polynucleotides while the
ligation probes hybridize to sequences that vary between the
different target polynucleotides. In one exemplification, a
first ligation probe can comprise a first signal generating
segment and a second ligation probe comprise a second signal
generating segment, where the first and second signal gener-
ating segment alters the signal pattern of a coded molecule
differently (1.e., generates differing first signal pattern and
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second signal pattern). Detection of both modified signal
patterns indicates the presence of first and second target poly-
nucleotides 1n a sample, while detection of only one of the
modified signal pattern indicates presence of only one of the
target polynucleotides. Multiplex detection of a plurality of
different target polynucleotides can use a plurality of ligation
probes 1n which each ligation probe alters the signal pattern of
a coded molecule differently and each ligation probe hybrid-
1zes to a different target polynucleotide.

[0102] 35.3.5 Modification of Coded Molecules by FLAP
Endonucleases
[0103] In some embodiments for detecting a target poly-

nucleotide, the target probes are designed to be substrates for

a FLAP endonuclease. FLAP endonuclease based assays are
described in U.S. Pat. Nos. 5,846,717; 5,888.,780; 5,985,557;

5,994,069, 6,001,567; 6,090,543 and 6,348,314, the disclo-
sures of which are incorporated herein by reference. In these
embodiments, the target probe forms part of a FLAP structure
that 1s a substrate for a FLAP endonuclease (see, e.g., Har-
rington and Lieber, 1995, J Biol Chem 270(9):4503-4508).
The term “FLAP structure” generally refers to a structure
comprising (a) a target polynucleotide, wherein the target
polynucleotide has adjacent first and second regions, (b) a
S-prime polynucleotide probe comprising a 3-prime region
and a 5-prime region located immediately 5-prime to the
3-prime region, wherein the 3-prime region 1s specifically
hybridized to the first region of the target polynucleotide, and
(c) a 3-prime polynucleotide probe comprising a S-prime
region specifically hybridized to the second region of the
target polynucleotide such that the 3-region of the 5'-prime
polynucleotide probe and the 3-prime region of the 3-prime
polynucleotide probe are specifically hybridized adjacently
to the first and second regions of the target polynucleotide.
The S-prime region of the 5-prime polynucleotide probe 1s an
unpaired region, either through strand displacement arising
from hybridization of the 3-prime polynucleotide probe, the
non-complementarity of the 5-prime region to the target poly-
nucleotide, and/or lower T, of the 3'-prime region for the
target polynucleotide as compared to the 5-prime region of
the 3-prime polynucleotide probe. In some embodiments, the
S-prime region of the 5-prime polynucleotide probe 1s non-
complementary to the target polynucleotide.

[0104] Inthe various embodiments herein, the target probe
of the coded molecule functions as the 5-prime polynucle-
otide probe while a FLAP probe acts as the 3-prime poly-
nucleotide probe. The 3-prime region of the target probe 1s
cleaved off by a FLAP endonuclease or other related cleavase
enzymes. Thus, for various embodiments based on FLAP
structures, the method of detecting a target polynucleotide
comprises (a) contacting a target polynucleotide with a target
probe having a S-prime region and a 3-prime region, wherein
the target polynucleotide comprises adjacent first and second
regions, and wherein the 3-prime region of the target probe 1s
capable of hybridizing to the second region of the target
polynucleotide, (b) contacting the target polynucleotide with
an FLAP probe, wherein the FLAP probe comprises a
S-prime segment capable of hybridizing to the first region of
a target polynucleotide such that the 5-prime segment of the
FLAP probe and the 3-prime region of the target probe are
adjacently hybridized to the target polynucleotide to form a
FLAP substrate, and c¢) treating with a FLAP endonuclease,
wherein the FLAP endonuclease 1s capable of recognizing the
FLAP substrate and cleaves ofl the 5-prime region of the
target probe. Cleavage of the 3-prime region of the target
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probe separates a portion of the target probe away from the
coded molecule, and thereby provide a basis for altering the
signal pattern of the modified coded molecule.

[0105] In some embodiments, the FLAP structure 1s a
single FLAP structure. A “single FL AP structure” refers to a
FLAP structure having a single unpaired region formed by the
S-prime region of the 5-prime polynucleotide probe when
hybridized to the target polynucleotide. The 3-prime poly-
nucleotide probe 1n the single FLLAP structure has 1ts 5-prime
region specifically hybridized to the first region of the target
polynucleotide such that there 1s no unpaired region on the
3-prime polynucleotide probe overlapping with the S-prime
unpaired region of the S-prime polynucleotide probe.

[0106] In other embodiments, the FLAP structure 1s a
double FLAP structure (Harrngton and Lieber, supra). A
“double FLAP structure” refers to a FL AP structure in which
the 3-prime polynucleotide probe comprises a 3-prime region
located immediately 3-prime to a S-prime region, wherein the
3-prime region of the 3-prime polynucleotide probe 1is
unpaired and overlaps with the unpaired 5-prime region of the
S-prime polynucleotide probe 1n the FLAP structure. Thus,
the double FLAP structure has two unpaired regions, one
tormed by hybridization of the S-prime polynucleotide probe
and another formed by hybridization of the 3-prime poly-
nucleotide probe, where the two unpaired regions in the
double FLAP structures overlap with one another. These
double FLAP structures are shown to serve as more efficient
substrates for FEN endonucleases as compared to the single
FLAP structures, even when the unpaired portion on the
3-prime polynucleotide probe 1s a single nucleotide (Har-
rington and Lieber, supra; Kaiser et al., 1999, J Biol Chem.
2774:21387-21394).

[0107] In some embodiments, the double-stranded FLAP
structure comprises a FLAP probe having a single unpaired
nucleotide 1n the 3-prime region, such that a single unpaired
nucleotide overlaps with the 5-prime unpaired region of the
S-prime polynucleotide probe. Besides being efficient sub-
strates for a FLLAP endonuclease, these double FLLAP struc-
tures, when cleaved by a FLAP endonuclease, typically
results 1n a structure 1n which the terminus of the FL AP probe
1s adjacent to the cleaved termini of the target probe, and
therefore ligatable by a ligase. Consequently, the methods
based on these FLAP structures can further comprise treating,
with a ligase subsequent to treatment with the FLAP endo-
nuclease. As will be apparent from the descriptions herein,
the use of a signal generating segment on the FLAP probe can
provide additional signals that can be used to distinguish a
FLAP modified coded molecule from an unmodified coded
molecule when the FLAP probe is ligated to the cleaved target
probe.

[0108] It 1s to be understood that the FL AP structures are
not limited to the embodiments above. In some embodiments,
the FLAP structure 1s formed by use of a target probe com-
prising a first, second, third, and fourth region, wherein the
first region 1s located 3-prime and the fourth region 1s located
S-prime relative to each other. The second and third regions
are located between the first and fourth regions and are
complementary to each other such that they hybridize to form
a hairpin type structure. The first region 1s adjacent to the
second region and hybridizes to a target polynucleotide such
that the target polynucleotide has its 3-prime terminus adja-
cent to the third region of the target probe to form a FLAP
substrate. The fourth region forms the S-prime unpaired por-

tion 1n the FLAP substrate, which 1s cleaved off by a FLAP
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endonuclease. As noted above, i1n some embodiments, a
3-prime region of the target polynucleotide can have an
unpaired region to form a double FLAP structure.

[0109] In the FLAP substrates based on a hairpin type
structure, the target polynucleotide can be any polynucleotide
being detected, including a 5-prime polynucleotide fragment
released from another FLAP substrate. Use of two FLAP
reactions 1n which the first FLAP cleavage detects a nucleic
acid of interest and a second FLAP cleavage detects the
cleavage product of the first FLAP cleavage reaction can
increase the sensitivity of the assay since multiple cycles of
hybridization and cleavage can be used to amplify the number
of cleaved 5-prime polynucleotide regions available for form-
ing the second FLAP substrate. Such biplex FLAP reactions
are described 1in Lyamichev et al., 1999, Nat. Biotechnol.
17:292-296 and Hall et al., 2000, Proc Natl Acad Sci USA
97:82772-8277°7, the disclosures of which are incorporated
herein by reference.

[0110] In the embodiments herein, various FLLAP endonu-
cleases can be used to cleave the FLAP substrates formed
with the target probe, the target polynucleotide, and where
appropriate, the FLAP probe. The term “FLAP endonu-
clease” refers to nucleases that recognize FLAP structures
and are known to cleave oif the unpaired 5-prime region of the
S-prime polynucleotide probe (e.g., target probe). FLAP
endonucleases are also known 1n some embodiments as
FEN-1 (Five’ ExoNuclease or Flap EndoNuclease) and
“structure specific 5'-exonucleases.” While not being bound
by any theory of action, the FEN-1 nucleases appear to par-
ticipate in DNA damaged fragment excision, recombina-
tional mismatch correction, and processing ol Okazaki frag-
ments during lagging strand DNA synthesis. The
endonuclease recognizes and cleaves a double stranded
branched nucleic acid structure contaiming a single-stranded
S-prime tlap at the junction where the two strands of duplex
DNA adjoin the single-stranded arm. The FEN-1 nucleases,
however, do not appear to act efficiently on bubble substrates,
3-prime single-stranded flaps, heterologous loops, and Hol-
liday junctions. FEN-1 endonucleases obtained from natural
sources typically have an associated S-prime to 3-prime €xo-
nuclease activity, which can remove RNA primers during
lagging strand synthesis and damaged DNA fragments in
various DNA repair pathways. Based on protein sequence
comparison and biochemical assays, two major conserved
motifs, the N (N-terminal) and I (intermediate) motifs, cor-
relate with nuclease activities of FEN-1 type FLAP endonu-
cleases. The FLAP endonuclease activity 1s not affected by
the flap sequence and 1s generally independent of the 5-prime
tflap length, cleaving a 5-prime flap as small as one nucleotide.
FLAP endonucleases are described for, among others, human
(P39748; Harrington and Lieber, supra); chimpanzee (XM__
508480.1 (G1:55636162); dog (XM__533271.2
(G1:73983482); mouse (NM_ 0079993 (GI:47132513;
Karanjawala et al., 2000, Microb Comp Genomics 5(3):173-
7, Emoto et al., 2005, Gene 337 (1):47-54); rat (NM__q<3.30 1
G1:16758169; Kim et al., 2000, Biochim Biophys Acta 1496
(2-3):333-340); Xenopus laevis (Kim et al., 1998, J Biol
Chem 273(15):8842-8; Bibikova et al., 1998, J Biol Chem
2'73(51):34222-9.); zebra fish (AY391423.1 GI:37362213);
Drosophila melanogaster (NP__5237765.1 GI1:176477423; Ish-
ikawa et al., 2004, Nucleic Acids Res 32 (21):6251-6259);
Caenorhabditis elegans (NP_491168.1 GI:17510003) Sac-
charomyces cerevisiae (Harringtone and Lieber, supra);
Schizosaccharomyces pombe (Alloeva and Doetsch, 1998,
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Nucleic Acids Res 26(16):3645-30); archae (Shen et al..,
1998, Trends Biochem Sc