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QUANTITATIVE DNA-BASED IMAGING AND 
SUPER-RESOLUTION MAGING 

RELATED APPLICATIONS 

0001. This application claims the benefit under 35 U.S.C. 
S119(e) of U.S. provisional application No. 61/934,759, filed 
Feb. 1, 2014, U.S. provisional application No. 61/884,126, 
filed Sep. 29, 2013, and U.S. provisional application No. 
61/859,891, filed Jul. 30, 2013, each of which is incorporated 
by reference herein in its entirety. 

FIELD OF THE INVENTION 

0002 The present disclosure relates generally to the field 
of detection and quantification of targets. 

BACKGROUND OF THE INVENTION 

0003 Far-field fluorescence microscopy has seen major 
advances since the advent of methods that circumvent the 
classical diffraction limit, e.g., Super-resolution microscopy 
(refs. 1, 2). Most implementations switch molecules between 
fluorescent ON- and OFF-states to allow consecutive local 
ization of individual molecules. Switching is traditionally 
obtained in one of two ways: “targeted switching actively 
confines the fluorescence excitation to an area Smaller than 
the diffraction of light (e.g., stimulated emission depletion 
microscopy, or STED (ref. 3)), whereas “stochastic' switch 
ing uses photoSwitchable proteins (photoactivated localiza 
tion microscopy, or PALM (ref. 4)) or photoswitchable 
organic dyes (stochastic optical reconstruction microscopy, 
or STORM (ref. 1)). Although these methods offer enhanced 
spatial resolution, they tend to require either expensive instru 
mentation or highly specialized experimental conditions, and 
thus have not yet been developed into common biological 
laboratory techniques. 

SUMMARY OF THE INVENTION 

0004. The present disclosure provides, interalia, methods, 
compositions (e.g., conjugates) and kits for imaging, at high 
or low spatial resolution, targets (e.g., biomolecules) of inter 
est in, for example, a cellular environment. The methods, 
compositions and kits of the present disclosure take advan 
tage of repetitive, transient binding of short, labeled (e.g., 
fluorescently labeled) oligonucleotides (e.g., DNA oligo 
nucleotides), or “imager strands, to complementary "dock 
ing strands, which are attached to targets of interest, in some 
embodiments, through an intermediate molecule such as an 
antibody Such as a primary or a secondary antibody, to obtain 
stochastic switching between fluorescent ON- and OFF 
states (FIGS. 1A and 1B). In the unbound state, only back 
ground fluorescence from partially quenched (ref. 8) imager 
strands is observed (depicted by dimmer fluorescence of 
unbound imager strands in FIG. 1A). This is considered an 
“OFF state. Upon binding and immobilization of an imager 
Strand, fluorescence emission is detected using, for example, 
total internal reflection (TIR) or highly inclined and lami 
nated optical sheet (HILO) microscopy (ref. 9). This is con 
sidered an “ON” state. In general, the methods, compositions 
and kits as provided herein increase the imaging resolution 
and thus the sensitivity of detection. In some aspects, they 
also increase the specificity as well as the number of utilizable 
fluorophores available for detecting targets of interest includ 
ing but not limited to, e.g., naturally-occurring biomolecules. 
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0005. By linking a short docking strand to a binding part 
ner (e.g., a protein-binding moiety or a nucleic acid-binding 
moiety, whether primary or secondary), such as an antibody 
including a primary and a secondary antibody, different spe 
cies of targets (e.g., biomolecules, optionally in a cellular 
environment) can be labeled and subsequently detected by 
introducing fluorescently-labeled imager Strands that are 
complementary to and bind to the docking strands through 
transient Watson-Crick interactions. Unlike existing detec 
tion methods, the methods of the present disclosure are not 
limited by the number of spectrally distinct fluorophores 
available for detecting distinct targets (e.g., biomolecules). 
Rather, the programmability of nucleic acid (e.g., DNA and/ 
or RNA) molecules and sequential time-lapsed imaging are 
used herein to provide images of up to hundreds of distinct 
species of targets using, in some embodiments, only a single 
optimized fluorophore. Further, these different species of tar 
gets (e.g., biomolecules) can be quantified using predictable 
kinetics of binding of single fluorescently-labeled imager 
Strands to their complementary target docking Strands. 
0006. In some instances, the methods can be used togen 
erate Super-resolution images, significantly even without the 
need for a Super-resolution microscope. It should be under 
stood that while the methods, compositions and kits as pro 
vided herein may be described for use in super-resolution 
imaging, they may also be used, in some embodiments, for 
imaging that does not require Super-resolution. Thus, in some 
embodiments, the methods, compositions and kits of the 
present disclosure may be used for imaging, generally. 
0007. In some aspects, provided herein is a protein-nucleic 
acid conjugate, comprising a protein linked to a docking 
Strand that is capable of transiently binding to a complemen 
tary labeled imager Strand. In some aspects, provided herein 
is a protein-nucleic acid conjugate, comprising a protein 
linked to a docking strand that is transiently bound to a 
complementary labeled imager Strand. Imager Strands, in 
some embodiments, are labeled with a detectable label. The 
detectable label may be, for example, a fluorescent label or 
other detectable label, e.g., gold nanoparticle. While various 
aspects and embodiments herein refer to fluorescently-la 
beled imager strands, it should be understood that such fluo 
rescent labels, in many instances, can be interchanged with 
other detectable labels. Thus, in some embodiments, a fluo 
rescently-labeled imager strand (which may be detected by, 
for example, fluorescent microscopy) may be interchanged 
with an imager Strand labeled with, for example, gold nano 
particles (which may be detected by, for example, dark field 
microscopy). It is also to be understood that the docking 
Strands may be capable of transiently binding a plurality of 
complementary labeled Strands (e.g., the docking strand may 
comprise a plurality of binding sites for complementary 
labeled strands). 
0008. In some embodiments, a method may be carried out 
involving a plurality of docking strand and imager Strand 
pairs. Such a method can be used to detect a plurality of 
targets (e.g., with each docking strand-imager strand pair 
corresponding to one target). The docking strand-imager 
Strand pairs in the plurality must share an approximately 
equal probability of hybridizing under a single environment 
or condition (as defined for example by temperature, salt 
concentration, Strand molarity, etc.). Such that if there is an 
observed difference between the level of binding (and thus the 
detection) of a population of imager strands, an end user can 
conclude that such difference is a function of the amount of 
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docking strand and thus ultimately the amount of target. In 
Some embodiments, the docking and imager strands are typi 
cally selected such that their bound states have a thermal 
stability in the range of about +/-0.5 kcal/mol. With this range 
of thermal stability, it is possible to select at least 200 orthogo 
nal (e.g., different) sequences to be used in these multiplexing 
methods. In some embodiments, a protein is an antibody Such 
as a primary antibody or a secondary antibody, an antigen 
binding antibody fragment, or a peptide aptamer. 
0009. In some embodiments, a protein is linked to the 
docking Strand through an intermediate linker. In some 
embodiments, the intermediate linker comprises biotin and 
streptavidin. 
0010. In some embodiments, an antibody is a monoclonal 
antibody. 
0011. In some embodiments, a complementary fluores 
cently-labeled imager Strand comprises at least one fluoro 
phore. 
0012. In some embodiments, a complementary labeled, 
optionally fluorescently labeled, imager Strand is about 4 to 
about 30 nucleotides, or about 8 to about 10 nucleotides, in 
length. In some embodiments, a complementary labeled 
imager Strand is longer than 30 nucleotides. 
0013. In this and other aspects and embodiments 
described herein, the docking strand may comprise a plurality 
of domains, each complementary to a labeled imager strand. 
The domains may be identical in sequence (and thus will bind 
to the identical imager strands) or they may be of different 
sequence (and thus may bind to imager strands that are not 
identically labeled). Such domains may also be referred to 
herein as binding sites for imager strands. 
0014. In some embodiments, a docking strand includes at 
least two or at least three domains, each respectively comple 
mentary to a labeled imager Strand. 
0015. In some aspects, provided herein is a target bound to 
at least one protein-nucleic acid conjugate. 
0016. In some embodiments, the target is a protein. In 
Some embodiments, the target is a nucleic acid (e.g., DNA or 
RNA). 
0017. In some aspects, provided herein is a plurality of 
protein-nucleic acid conjugates. In some embodiments, the 
plurality comprises at least two Subsets of the protein-nucleic 
acid conjugates, and the protein-nucleic acid conjugates of 
each subset bind to different targets. 
0018. In some aspects, provided herein is a composition or 
kit comprising a plurality of protein-nucleic acid conjugates, 
optionally wherein at least one of the protein-nucleic acid 
conjugates is bound to at least one target. 
0019. In some aspects, provided herein is a composition or 
kit comprising at least one protein-nucleic acid conjugate that 
comprises a protein linked to a docking strand, optionally 
wherein the at least one protein-nucleic acid conjugate is 
bound to a target, and at least one complementary labeled, 
optionally fluorescently labeled, imager Strand that is tran 
siently bound to (or is capable of transiently binding to) the at 
least one protein-nucleic acid conjugate. 
0020. In some embodiments, a composition or kit com 
prises at least two complementary labeled, optionally fluo 
rescently labeled, imager Strands, wherein the at least two 
complementary labeled imager Strands are identical. In some 
embodiments, the composition or kit comprises at least two 
complementary labeled imager Strands, wherein the at least 
two complementary labeled imager strands are different. 
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0021. In some embodiments, the number of complemen 
tary labeled, optionally fluorescently labeled, imager strands 
is less than, greater than or equal to the number of protein 
nucleic acid conjugates. 
0022. In some embodiments, a composition or kit com 
prises at least 2, 3, 4, 5, 6, 7, 9 or 10 different complementary 
labeled, optionally fluorescently labeled, imager Strands. In 
Some embodiments, the composition or kit comprises at least 
50 or at least 100 different complementary fluorescently 
labeled imager Strands. 
0023. In some aspects, provided herein is a composition or 
a kit comprising a (e.g., one or more) docking Strand and an 
(e.g., one or more) imager strand. The docking strand may be 
modified to include an affinity label, thereby facilitating its 
Subsequent attachment to one or more binding partners, such 
as an antibodies. For example, the docking strand may be 
biotinylated or it may be attached to avidin or streptavidin. 
Other affinity labels can be used instead. The imager strands 
may be labeled, such as fluorescently labeled. The imager 
Strands may be a plurality of identical imager Strands (e.g., 
with respect to sequence and label) or they may be a plurality 
of different imager strands (e.g., with respect to sequence and 
label). The composition or kit may further comprise a target 
specific binding partner, such as an antibody. It is to be under 
stood that the components may be bound to each other or they 
may be unbound, including physically separated from each 
other, in Such compositions and kits. These and other com 
positions and kits may further comprise one or more buffers 
including oxygen Scavengers. 
0024. In some aspects, provided herein is a composition or 
kit comprising an antibody-nucleic acid conjugate, wherein 
the antibody is a “secondary antibody' having specificity for 
an antibody, typically specificity for a particular isotype oran 
Fc domain of an antibody from a particular species (e.g., a 
mouse antibody that is specific for a human IgG1 antibody). 
The nucleic acid in the conjugate is a docking Strand, as 
described herein. The composition or kit may further com 
prise one or more imager Strands (or one or more Subsets or 
populations of imager strands), as described herein. These 
and other compositions and kits may further comprise one or 
more buffers including oxygen scavengers. 
0025. In some aspects, the present disclosure provides an 
antibody-DNA conjugate, comprising a monoclonal anti 
body linked to a docking strand that is bound to a comple 
mentary labeled, optionally fluorescently labeled, imager 
Strand, wherein the antibody and the docking strand are each 
biotinylated and linked to each other through an avidin or 
streptavidin linker or a biotin-streptavidin linker. 
0026. In some aspects, provided herein is an aptamer 
nucleic acid conjugate, comprising a nucleic acid aptamer 
linked to a docking strand that is transiently bound to a 
complementary labeled, optionally fluorescently labeled, 
imager Strand. 
0027. In some aspects, provided herein is a method of 
detecting a target in a sample, the method comprising con 
tacting a sample with (a) at least one protein-nucleic acid 
conjugate that comprises a protein linked to a docking strand 
and (b) at least one fluorescently-labeled imager strand that is 
complementary to and transiently binds to the docking strand 
of the at least one protein-nucleic acid conjugate, and deter 
mining whether the at least one protein-nucleic acid conju 
gate binds to the target in the sample. In some embodiments, 
the determining step comprises imaging transient binding of 
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the at least one fluorescently-labeled imager strand to the 
docking Strand of the at least one protein-nucleic acid conju 
gate. 
0028. In some aspects, provided herein is a method of 
detecting a target in a sample, the method comprising con 
tacting a sample with (a) at least one protein-nucleic acid 
conjugate that comprises a protein linked to a docking strand 
and (b) at least one fluorescently-labeled imager strand that is 
complementary to and transiently binds to the docking strand 
of the at least one protein-nucleic acid conjugate, and imaging 
transient binding, optionally using time-lapsed imaging, of 
the at least one fluorescently-labeled imager strand to the 
docking Strand of the at least one protein-nucleic acid conju 
gate. 
0029. In some embodiments, a protein of the protein 
nucleic acid conjugate is an antibody, an antigen-binding 
antibody fragment, or a peptide aptamer. In some embodi 
ments, an antibody is a monoclonal antibody. 
0030. In some embodiments, a protein of the protein 
nucleic acid conjugate is linked to the docking strand through 
an intermediate linker. In some embodiments, an intermedi 
ate linker comprises biotin and/or streptavidin. 
0031. In some embodiments, a complementary fluores 
cently-labeled imager Strand comprises at least one fluoro 
phore. 
0032. In some embodiments, a complementary labeled, 
optionally fluorescently labeled, imager Strand is about 4 to 
about 10 nucleotides, or about 8 to about 10 nucleotides in 
length. 
0033. In some embodiments, a sample is a cell or cell 
lysate. 
0034. In some embodiments, a target is a protein. In some 
embodiments, a target is a nucleic acid (e.g., DNA or RNA). 
0035. In some embodiments, a target is obtained from a 
cell or cell lysate. 
0036. In some aspects, provided herein is a method of 
detecting at least one or at least two targets in a sample, the 
method comprising contacting a sample with (a) at least two 
protein-nucleic acid conjugates, each comprising a protein 
linked to a docking strand, and (b) at least two labeled (op 
tionally spectrally distinct, or fluorescently labeled, or spec 
trally distinct and fluorescently labeled) imager strands that 
are complementary to and transiently bind to respective dock 
ing strands of the at least one, or at least, two different protein 
nucleic acid conjugates and determining whether the at least 
two protein-nucleic acid conjugates bind to at least two tar 
gets in the sample. In some embodiments, the determining 
step comprises, in the following order, imaging transient 
binding of one of the at least two labeled imager strands to a 
docking Strand of one of the at least two protein-nucleic acid 
conjugates to produce a first image (e.g., of a fluorescent 
signal), and imaging transient binding of another of the at 
least two labeled imager Strands to a docking strand of 
another of the at least two protein-nucleic acid conjugates to 
produce at least one other image (e.g., of a fluorescent signal). 
In some embodiments, the method further comprises com 
bining the first image and the at least one other image to 
produce a composite image of signal (e.g., fluorescent sig 
nal), wherein the signal of the composite image is represen 
tative of the at least two targets. 
0037. In some embodiments, a protein of the protein 
nucleic acid conjugate is an antibody, an antigen-binding 
antibody fragment, or a peptide aptamer. In some embodi 
ments, an antibody is a monoclonal antibody. 
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0038. In some embodiments, a protein of the protein 
nucleic acid conjugate is linked to the docking strand through 
an intermediate linker. In some embodiments, an intermedi 
ate linker comprises biotin and streptavidin. 
0039. In some embodiments, each of the at least two spec 
trally distinct, fluorescently-labeled imager Strands com 
prises at least one fluorophore. 
0040. In some embodiments, each of the at least two 
labeled, optionally spectrally distinct, fluorescently labeled, 
imager strands is about 4 to about 10 nucleotides, or about 8 
to about 10 nucleotides in length. 
0041. In some embodiments, a sample is a cell or cell 
lysate. 
0042. In some embodiments, at least two targets are pro 
teins. In some embodiments, at least two targets are nucleic 
acids (e.g., DNA or RNA). 
0043. In some embodiments, at least two targets are 
obtained from a cell or cell lysate. 
0044. In some aspects, provided herein is a method of 
detecting at least one, or at least two, protein targets in a 
sample, comprising (a) contacting a sample with at least two 
protein-nucleic acid conjugates, each comprising a protein 
linked to a docking strand and (b) sequentially contacting the 
sample with at least two labeled (e.g., optionally spectrally 
indistinct, or fluorescently labeled, or spectrally distinct and 
fluorescently labeled) imager Strands that are complementary 
to and transiently bind to respective docking strands of the at 
least two protein-nucleic acid conjugates, and determining 
whether the at least one or at least two protein-nucleic acid 
conjugates bind to at least two targets in the sample. In some 
embodiments, a method comprises, in the following ordered 
steps, contacting the sample with a first protein-nucleic acid 
conjugate and at least one other protein-nucleic acid conju 
gate, contacting the sample with a first labeled, optionally 
fluorescently labeled, imager strand that is complementary to 
and transiently binds to the docking strand of the first protein 
nucleic acid conjugate, imaging the sample to obtain a first 
image, optionally using time-lapsed imaging, removing the 
first labeled imager Strand, contacting the sample with at least 
one other labeled imager Strand that is complementary to and 
transiently binds to the docking strand of the at least one other 
protein-nucleic acid conjugate, and imaging the sample to 
obtain at least one other image, optionally using time-lapsed 
imaging. 
0045. In some embodiments, a method comprises, in the 
following ordered steps, contacting a sample with a first pro 
tein-nucleic acid conjugate, contacting the sample with a first 
labeled, optionally fluorescently labeled, imager strand that is 
complementary to and transiently binds to the docking strand 
of the first protein-nucleic acid conjugate, imaging the sample 
to obtain a first image, optionally using time-lapsed imaging, 
removing the first labeled imager strand, contacting the 
sample with at least one other protein-nucleic acid conjugate, 
contacting the sample with at least one other labeled, option 
ally fluorescently labeled, imager Strand that is complemen 
tary to and transiently binds to the docking Strand of the at 
least one other protein-nucleic acid conjugate, and imaging 
the sample to obtain at least one other image, optionally using 
time-lapsed imaging. 
0046. In some embodiments, a method further comprises 
determining whether the first protein-DNA conjugate binds 
to a first target and/or whether the at least one other protein 
DNA conjugate binds to at least one other target. 
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0047. In some embodiments, a method further comprises 
assigning a pseudo-color to the signal (e.g., fluorescent sig 
nal) in a first image, and assigning at least one other pseudo 
color to the fluorescent signal in the at least one other image. 
0048. In some embodiments, a method further comprises 
combining a first image and the at least one other image to 
produce a composite image of the pseudo-colored signals, 
wherein the pseudo-colored signals of the composite image 
are representative of the at least two targets. 
0049. In some embodiments, the protein of the protein 
nucleic acid conjugate(s) is an antibody, an antigen-binding 
antibody fragment, or a peptide aptamer. In some embodi 
ments, the antibody is a monoclonal antibody. 
0050. In some embodiments, the protein of the protein 
nucleic acid conjugate(s) is linked to the docking strand 
through an intermediate linker. In some embodiments, the 
intermediate linker comprises biotin and/or streptavidin. 
0051. In some embodiments, each of the fluorescently 
labeled imager Strands comprises at least one fluorophore. 
0052. In some embodiments, each of the fluorescently 
labeled imager strands is about 4 to about 30 nucleotides, or 
about 8 to about 10 nucleotides in length. 
0053. In some embodiments, a sample is a cell or cell 
lysate. 
0054. In some embodiments, a target(s) is a protein. In 
Some embodiments, a target(s) is a nucleic acid (e.g., DNA or 
RNA). 
0055. In some embodiments, a target(s) is obtained from a 
cell or cell lysate. 
0056. In some aspects, provided herein is a method of 
detecting a target, optionally a naturally-occurring biomol 
ecule, comprising contacting a sample containing at least one 
target, optionally a naturally-occurring biomolecule, with (a) 
at least one BP-NA conjugate, optionally each BP-NA con 
jugate comprising a protein or nucleic acid linked to a dock 
ing Strand, and (b) at least one labeled, optionally fluores 
cently labeled, imager Strand that is complementary to and 
transiently binds the docking strand of the at least one BP-NA 
conjugate, and determining whether the at least one BP-NA 
conjugate binds to at least one target, optionally a naturally 
occurring biomolecule, in the sample. In this and other 
aspects or embodiments described herein, it is to be under 
stood that the method may be carried out using a sample that 
is Suspected of containing at least one target or a sample that 
an end-user desires to analyze for the presence of the at least 
one target without any prior knowledge of the sample respect 
ing its likelihood of containing the target. 
0057. In some embodiments, the determining step com 
prises imaging transient binding of the at least one labeled, 
optionally fluorescently labeled, imager Strand to the docking 
strand of the at least one BP-NA conjugate. 
0058. In some embodiments, a sample is a cell or cell 
lysate. 
0059. In some embodiments, an at least one target, option 
ally a naturally-occurring biomolecule, is obtained from a cell 
or cell lysate. 
0060. In some embodiments, a protein is an antibody, an 
antigen-binding antibody fragment, or a peptide aptamer. In 
Some embodiments, an antibody is a monoclonal antibody. 
0061. In some embodiments, a protein is linked to the 
docking Strand through an intermediate linker. In some 
embodiments, an intermediate linker comprises biotin and/or 
streptavidin. 
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0062. In some embodiments, a nucleic acid is a nucleic 
acid aptamer. 
0063. In some embodiments, a fluorescently-labeled 
imager Strand comprises at least one fluorophore. 
0064. In some embodiments, an imager strand, optionally 
a fluorescently-labeled imager strand, is about 4 to about 30, 
or about 8 to about 10 nucleotides in length. 
0065. In some aspects, provided herein is a method of 
detecting a target, optionally a naturally-occurring biomol 
ecule, comprising contacting a sample containing at least two 
targets, optionally naturally-occurring biomolecules, with (a) 
at least two different BP-NA conjugates, optionally each BP 
NA conjugate comprising a protein or nucleic acid linked to a 
DNA docking strand, and (b) at least two labeled (optionally 
spectrally indistinct, or fluorescently labeled, or spectrally 
distinct and fluorescently labeled) imager Strands that are 
complementary to and transiently bind to respective docking 
strands of the at least two BP-NA conjugates, and determin 
ing whether the at least two BP-NA conjugates bind to at least 
one or at least two naturally-occurring biomolecules in the 
sample. 
0066. In some embodiments, a method comprises, in the 
following ordered steps, contacting the sample with a first 
BP-NA conjugate and at least one other BP-NA conjugate, 
contacting the sample with a first labeled, optionally fluores 
cently labeled, imager Strand that is complementary to and 
transiently binds to the docking strand of the first BP-NA 
conjugate, imaging the sample to obtain a first image, option 
ally using time-lapsed imaging, removing the first labeled 
imager Strand, contacting the sample with at least one other 
labeled, optionally fluorescently labeled, imager strand that is 
complementary to and transiently binds to the docking strand 
of the at least one other BP-NA conjugate, and imaging the 
sample to obtain at least one other image, optionally using 
time-lapsed imaging. 
0067. In some embodiments, a method comprises, in the 
following ordered steps, contacting the sample with a first 
BP-NA conjugate, contacting the sample with a first labeled, 
optionally fluorescently labeled, imager strand that is 
complementary to and transiently binds to the docking strand 
of the first BP-NA conjugate, imaging the sample to obtain a 
first image, optionally using time-lapsed imaging, removing 
the first labeled imager Strand, contacting the sample with at 
least one other BP-NA conjugate, contacting the sample with 
at least one other labeled, optionally fluorescently labeled, 
imager Strand that is complementary to and transiently binds 
to the docking strand of the at least one other BP-NA conju 
gate, and imaging the sample to obtain a at least one other 
image, optionally using time-lapsed imaging. 
0068. In some embodiments, a method further comprises 
determining whether the first protein DNA conjugate binds to 
a first target, optionally a naturally-occurring biomolecule, 
and/or whether the at least one other protein-DNA conjugate 
binds to at least one other target, optionally a naturally-oc 
curring biomolecule. 
0069. In some embodiments, a method further comprises 
assigning a pseudo-color to the signal (e.g., fluorescent sig 
nal) in a first image, and assigning at least one other pseudo 
color to the signal (e.g., fluorescent signal) in at least one 
other image. 
0070. In some embodiments, a method further comprises 
combining a first image and at least one other image to pro 
duce a composite image of pseudo-colored signals, wherein 
the pseudo-colored signals of the composite image are rep 
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resentative of at least one, or at least two, targets (e.g., natu 
rally-occurring biomolecules). 
0071. In some aspects, provided herein is a method of 
determining the number of targets in a test sample, compris 
ing obtaining a sample that comprises targets transiently 
bound directly or indirectly to labeled, optionally fluores 
cently labeled, imager strands, obtaining a time-lapsed 
image, optionally a time-lapsed diffraction-limited fluores 
cence image, of the sample, performing spot detection (e.g., 
fluorescence spot detection) and localization (e.g., through 
the use of Gaussian fitting) on the diffraction-limited image to 
obtain a high-resolution image of the sample, calibrating 
k, c, optionally using a control sample with a known 
number of targets, whereink, is a second order association 
constant, and c, is concentration of labeled (e.g., fluores 
cently labeled) imager strands in the test sample, determining 
variable t, optionally by fitting the fluorescence OFF-time 
distribution to a cumulative distribution function, and deter 
mining the number of test targets in the sample based on the 
equation, number of test targets (ko, cine.t.). 
0072. In some aspects, provided herein is a method of 
determining a relative amount of targets in a test sample, 
comprising obtaining a sample that comprises targets tran 
siently bound directly or indirectly to labeled imager strands, 
obtaining a time-lapsed image of the sample, performing spot 
detection and localization on the image to obtain a high 
resolution image of the sample, determining variablet, and 
determining the relative amount of two or more test targets in 
the sample based on t. 
0073. In some embodiments, test targets are protein tar 
getS. 
0074. In some embodiments, protein targets are bound to 
protein-nucleic acid conjugates that comprise a protein linked 
to a docking Strand, and the labeled (e.g., fluorescently 
labeled) imager Strands are complementary to and transiently 
bind to respective docking strands of the protein-nucleic acid 
conjugates. 
0075. In some embodiments, the protein of the protein 
nucleic acid conjugate is an antibody, an antigen-binding 
antibody fragment, or a peptide aptamer. 
0076. In some embodiments, test targets are single 
Stranded nucleic acids. 
0077. In some embodiments, single-stranded nucleic 
acids are DNA or RNA. 
0078. In some embodiments, each of the fluorescently 
labeled imager Strands comprises at least one fluorophore. 
0079. In some embodiments, each of the labeled, option 
ally fluorescently labeled, imager strands is about 4 to about 
30 nucleotides, or about 8 to about 10 nucleotides in length. 
0080. In some embodiments, a time-lapsed fluorescence 
image is obtained over a period of about 25 minutes. 
0081. In some embodiments, the number of test targets is 
determined with an accuracy of greater than 90%. 
0082 In some aspects, provided herein is a single 
Stranded DNA probe comprising a target binding domain of 
about 20 nucleotides in length linked, optionally at its 3' end, 
to a docking domain of at least one, at least two, or at least 
three Subdomains, wherein the at at least one, least two, or at 
least three subdomains are respectively complementary to at 
least one, at least two, or at least three labeled, optionally 
fluorescently labeled, imager strands of about 4 to about 30, 
or about 8 to 10 nucleotides in length, and wherein the target 
binding domain is bound to a complementary domain of a 
single-stranded mRNA target Strand. 
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0083. In some embodiments, at least one of the at least 
one, at least two, or at least three Subdomains is transiently 
bound to at least one labeled, optionally fluorescently labeled, 
imager Strand. 
I0084. In some aspects, provided herein is a method of 
performing drift correction for a plurality of images, wherein 
each of the plurality of images comprises a frame of a time 
sequence of images, wherein the time sequence of images 
captures a plurality of transient events, the method compris 
ing determining a time trace for each of a plurality of drift 
markers identified in the plurality of images, wherein a time 
trace for each drift marker corresponds to movement of an 
object in the image over the time sequence of images, deter 
mining, with at least one computer processor, a first drift 
correction from at least one of the plurality of drift markers 
based, at least in part, on the time traces for the plurality of 
drift markers, determining a time trace for each of a plurality 
of geometrically-addressable marker sites from a plurality of 
drift templates identified from the plurality of images, 
wherein each drift template in the plurality of drift templates 
describes a geometrical relationship between the plurality of 
geometrically-addressable marker sites of transient events in 
the drift template, determining a second drift correction 
based, at least in part, on the time traces for the plurality of 
geometrically-addressable marker sites from the plurality of 
drift templates, correcting the plurality of images based, at 
least in part, on the first drift correction and the second drift 
correction, and outputting a final image based on the cor 
rected plurality of images. 
I0085. In some embodiments, a method further comprises 
identifying a plurality of localizations in each of the plurality 
of images, creating a two-dimensional histogram of the plu 
rality of localizations, and identifying locations of the plural 
ity of drift markers based, at least in part, on the two-dimen 
sional histogram, wherein determining the time traces for 
each of the plurality of drift markers comprises determining 
the time traces based, at least in part, on the locations of the 
plurality of drift markers. 
I0086. In some embodiments, identifying a plurality of 
localizations comprises identifying a plurality of spots on 
each of the plurality of images, and determining a fitted center 
position of each of the plurality of spots using a local Gaus 
sian fitting algorithm, wherein each of the plurality of local 
izations comprises the spot identified on an image and its 
associated fitted center position. 
I0087. In some embodiments, each of the plurality of local 
izations further comprises a detected photon count corre 
sponding to the localization. 
I0088. In some embodiments, creating the two-dimen 
sional histogram of the plurality of localizations comprises 
binning all localizations into a two-dimensional grid and 
using a total number of localizations in each bin as a histo 
gram count. 
I0089. In some embodiments, creating the two-dimen 
sional histogram of the plurality of localizations comprises 
binning all localizations into a two-dimensional grid and 
using a total number of photon count of the plurality of 
localizations in each bin as a histogram count. 
0090. In some embodiments, identifying locations of the 
plurality of drift markers based, at least in part, on the two 
dimensional histogram comprises at least one of the follow 
ing: binarizing the two-dimensional histogram using one or 
more selection criteria, wherein the one or more selection 
criteria include a lower-bound threshold of a histogram value 
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ora upper-bound threshold of a histogram value; partitioning 
the binarized image into partitions and filtering the partitions 
based on one or more selection criteria, wherein the one or 
more selection criteria include one or more of a lower-bound 
threshold of an area of a partition area, an upper-bound 
threshold of the area, a lower-bound or an upper-bound of a 
longest or shortest linear dimension of a partition longest, and 
a lower-bound or an upper-bound of an eccentricity of a 
partition; and expanding and shrinking the binarized image 
using one or more binary image operations, wherein the one 
or more binary image operations include one or more of the 
following: dilate, erode, bridge, close, open, fill, clean, top 
hat, bottom-hat, thicken, thin, and more. 
0091. In some embodiments, determining a first drift cor 
rection based, at least in part, on the time traces for the 
plurality of drift markers comprises: determining a relative 
time trace for each of the plurality of drift markers, wherein 
the relative time trace is determined by comparing the time 
trace for the drift marker with the average position of the same 
trace; and determining a combined time trace based on the 
relative time traces for each of the plurality of drift markers, 
wherein determining the first drift correction based, at least in 
part, on the time traces for the plurality of drift markers 
comprises determining the first drift correction based, at least 
in part, on the relative time traces for each of the plurality of 
drift markers. 
0092. In some embodiments, determining the first drift 
correction based, at least in part, on the relative time traces for 
each of the plurality of drift markers comprises performing a 
weighted average of the relative time traces for each of the 
plurality of drift markers. 
0093. In some embodiments, performing the weighted 
average comprises: determining a quality score for each of the 
relative time traces, wherein the quality score is determined 
based, at least in part, on a measure of variability over time 
associated with the time trace and/or a measure of localiza 
tion uncertainty of individual localizations within the time 
trace. 

0094. In some embodiments, the measure of variability 
over time comprises a standard deviation of the time trace 
over time. 

0.095. In some embodiments, the measure of localization 
uncertainty of individual localizations comprises, at least in 
part, an estimate of uncertainty from a Gaussian fitting or a 
comparison with other simultaneous localizations, wherein 
the other simultaneous localizations are from within a same 
image and from other time traces from the plurality of drift 
markers, wherein the comparison comprises a mean and stan 
dard deviation of all simultaneous localizations. 

0096. In some embodiments, the method further com 
prises determining that a first drift marker of the plurality of 
drift markers is not present in at least one frame of the time 
sequence of images, and linearly interpolating the time trace 
for the first drift marker for the at least one frame to produce 
a smoothed time trace for the first drift marker. 
0097. In some embodiments, determining a time trace for 
each of a plurality of geometrically-addressable marker sites 
from a plurality of drifttemplates identified from the plurality 
of images comprises: identifying a plurality of localizations 
in each of the plurality of images; creating a two-dimensional 
histogram of the plurality of localizations; and identifying the 
plurality of drift templates based, at least in part, on the 
two-dimensional histogram, wherein identifying the plurality 
of drift templates comprises evaluating the two-dimensional 

Jun. 9, 2016 

histogram using an lower-bound and/or an upper-bound 
threshold in a histogram count. 
0098. In some embodiments, determining a time trace for 
each of a plurality of geometrically-addressable marker sites 
from a plurality of drift templates identified from the plurality 
of images comprises determining a time trace for each of a 
plurality of geometrically-addressable marker sites within 
each of the plurality of drift templates, and wherein determin 
ing the second drift correction comprises determining the 
second drift correction based, at least in part, on the time 
traces for each of the plurality of marker sites within each of 
the plurality of drift templates. 
0099. In some embodiments, determining the second drift 
correction based, at least in part, on the time traces for each of 
the plurality of geometrically-addressable marker sites from 
each of the plurality of drift templates comprises: identifying 
a plurality of geometrically-addressable marker sites within 
each of the plurality of drift templates; and determining a 
relative time trace for each of a plurality of geometrically 
addressable drift markers for each of the plurality of drift 
templates, wherein determining the second drift correction 
based, at least in part, on the time traces for the plurality of 
drift templates comprises determining the second drift cor 
rection based, at least in part, on the relative time traces for 
each of the plurality of drift markers within each of the plu 
rality of drift templates. 
0100. In some embodiments, identifying a plurality of 
geometrically addressable marker sites from each of the plu 
rality of drift templates comprises determining a plurality of 
marker sites based on, at least in part, a two-dimensional 
histogram of the plurality of localizations in the correspond 
ing drift template, and/or one or more selection criteria, 
wherein the one or more selection criteria include one or more 
of a total number of localizations, a Surface density of local 
izations, and standard deviation of localizations. 
0101. In some embodiments, determining the second drift 
correction based, at least in part, on the relative time traces for 
each of the plurality of drift markers within each of the plu 
rality of drift templates comprises performing a weighted 
average of the relative time traces for each of the plurality of 
drift markers within each of the drift templates. 
0102. In some embodiments, performing the weighted 
average comprises: 
0103 determining a quality score for each of the relative 
time traces, wherein the quality Score is determined based, at 
least in part, on a measure of variability over time associated 
with the time trace and/or a localization uncertainty within 
the time trace. 
0104. In some embodiments, the measure of variability 
over time comprises a standard deviation of the time trace 
over time. 

0105. In some embodiments, the measure of localization 
uncertainty of individual localizations comprises an estimate 
of uncertainty from a Gaussian fitting or a comparison with 
other simultaneous localizations, wherein the other simulta 
neous localizations are from within a same image and from 
the other time traces from the plurality of marker sites from 
the plurality of drift templates, wherein the comparison com 
prises a mean and Standard deviation of all simultaneous 
localizations. 
0106. In some embodiments, correcting the plurality of 
images based, at least in part, on the first drift correction and 
the second drift correction comprises correcting the plurality 
images using the first drift correction to produce a first cor 
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rected plurality of images, and wherein determining a time 
trace for each of a plurality of drift templates identified from 
the plurality of images comprises determining a time trace for 
each of the plurality of drift templates identified from the first 
corrected plurality of images. 
0107. In some embodiments, a method further comprises 
Smoothing the first drift correction prior to correcting the 
plurality of images using the first drift correction. 
0108. In some embodiments, smoothing the first drift cor 
rection comprises processing the first drift correction using 
local regression with a window determined by a characteristic 
drift time scale of the first drift correction. 
0109. In some embodiments, a method further comprises 
Smoothing the second drift correction prior to correcting the 
plurality of images using the second drift correction. 
0110. In some embodiments, smoothing the second drift 
correction comprises processing the second drift correction 
using local regression with a window determined by a char 
acteristic drift time scale of the second drift correction. 
0111. In some embodiments, a method further comprises 
selecting a single drift marker of the plurality of drift markers; 
and determining a third drift correction based, at least in part, 
on the selected single drift marker, wherein correcting the 
plurality of images comprises correcting the plurality of 
images based, at least in part, on the third drift correction. 
0112. In some embodiments, correcting the plurality of 
images based, at least in part, on the third drift correction is 
performed prior to correcting the plurality of images based, at 
least in part on the first drift correction and the second drift 
correction. 
0113. In some embodiments, a method further comprises 
identifying locations of a first plurality of points in a first 
image of the plurality of frames; identifying locations of a 
second plurality of points in a second image of the plurality of 
images, wherein the second image corresponds to a neigh 
boring frame of the first image in the time sequence of 
images; and determining a fourth drift correction based, at 
least in part, on differences between the locations of the first 
plurality of points and the second plurality of points, wherein 
correcting the plurality of images comprises correcting the 
plurality of images based, at least in part, on the fourth drift 
correction. 
0114. In some embodiments, the second image corre 
sponds to a frame immediately following the frame corre 
sponding to the first image in the time sequence of images. 
0115. In some embodiments, determining the fourth drift 
correction based, at least in part, on differences between the 
locations of the first plurality of points and the second plural 
ity of points comprises: creating a histogram of distances 
between the locations of the first plurality of points and the 
second plurality of points; determining based, at least in part, 
on the histogram, pairs of points between the first image and 
the second image that correspond to the same transient event; 
and determining a location offset between each of the deter 
mined pairs of points, wherein determining the fourth drift 
correction is based on a vector average of the location offsets 
for each of the determined pairs of points. 
0116. In some embodiments, the plurality of images cor 
respond to DNA-based images and wherein the plurality of 
transient events are binding events between animaging strand 
and a DNA docking strand. 
0117. In some embodiments, the imaging strand is a fluo 
rescent imaging probe configured to fluoresce when associ 
ated with the DNA docking strand. 

Jun. 9, 2016 

0118. In some embodiments, at least one of the drift mark 
ers is a DNA based nanostructure. 
0119. In some embodiments, the DNA based nanostruc 
ture is a DNA origami nanostructure with docking Strands. 
0.120. In some embodiments, at least one of the drift tem 
plates is a DNA based nanostructure. 
0.121. In some embodiments, the DNA based nanostruc 
ture is a DNA origami nanostructure with docking Strands. 
0.122. In some embodiments, at least one of the drift tem 
plates is a three-dimensional drift template. 
(0123. In some embodiments, the three-dimensional drift 
template is a tetrahedron. 
0.124. In some embodiments, at least one of the drift tem 
plates includes multiple colors corresponding to different 
types of transient events. 
0.125. In some embodiments, the different types of tran 
sient events include a first binding event of a first imaging 
strand with a first type of DNA docking strand and a second 
binding event of a second imaging Strand with a second type 
of DNA docking strand. 
0.126 In some embodiments, outputting the final image 
comprises displaying the final image on a display. 
I0127. In some embodiments, outputting the final image 
comprises sending the final image to a computer via at least 
one network. 
0128. In some embodiments, outputting the final image 
comprises storing the final image on at least one storage 
device. 
0129. In some aspects, provided herein is a non-transitory 
computer readable medium encoded with a plurality of 
instructions that, when executed by at least one computer 
processor, performs a method of performing drift correction 
for a plurality of images, wherein each of the plurality of 
images comprises a frame of a time sequence of images, 
wherein the time sequence of images captures a plurality of 
transient events, the method comprising: determining a time 
trace for each of a plurality of drift markers identified in the 
plurality of images, wherein a time trace for each drift marker 
corresponds to movement of an object in the image over the 
time sequence of images; determining a first drift correction 
from at least one of the plurality of drift markers based, at 
least in part, on the time traces for the plurality of drift 
markers; determining a time trace for each of a plurality of 
geometrically-addressable marker sites from a plurality of 
drift templates identified from the plurality of images, 
wherein each drift template in the plurality of drift templates 
describes a geometrical relationship between the plurality of 
geometrically-addressable marker sites of transient events in 
the drift template; determining a second drift correction 
based, at least in part, on the time traces for the plurality of 
geometrically-addressable marker sites from the plurality of 
drift templates; correcting the plurality of images based, at 
least in part, on the first drift correction and the second drift 
correction; and outputting a final image based on the cor 
rected plurality of images. 
0.130. In some aspects, provided herein is a computer, 
comprising: an input interface configured to receive a plural 
ity of images, wherein each of the plurality of images com 
prises a frame of a time sequence of images, wherein the time 
sequence of images captures a plurality of transient events; at 
least one processor programmed to: determine a time trace for 
each of a plurality of drift markers identified in the plurality of 
images, wherein a time trace for each drift marker corre 
sponds to movement of an object in the image over the time 
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sequence of images; determine a first drift correction from at 
least one of the plurality of drift markers based, at least in part, 
on the time traces for the plurality of drift markers; determine 
a time trace for each of a plurality of geometrically-address 
able marker sites from a plurality of drift templates identified 
from the plurality of images, wherein each drift template in 
the plurality of drift templates describes a geometrical rela 
tionship between the plurality of geometrically-addressable 
marker sites of transient events in the drift template; deter 
mine a second drift correction based, at least in part, on the 
time traces for the plurality of geometrically-addressable 
marker sites from the plurality of drift templates; correct the 
plurality of images based, at least in part, on the first drift 
correction and the second drift correction; and determine a 
final image based on the corrected plurality of images; and 
output interface configured to output the final image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0131 FIG. 1A shows microtubule-like DNA origami 
polymers “labeled with single-stranded DNA docking 
Strands on a pair of opposite faces (colored in dark gray) 
spaced approximately 16 nanometers (nm) apart. Comple 
mentary fluorescently-labeled imager strands transiently 
bind from solution to the docking strands. Biotinylated DNA 
Strands (present on the bottom two center helices) are used to 
bind the microtubule-like DNA structures to glass surfaces 
for fluorescence imaging. FIG. 1B shows agraph demonstrat 
ing that transient binding of fluorescently-labeled imager 
strands to the docking strands produces fluorescence “blink 
ing'(fluorescence intensity vs. time trace). This blinking is 
used to consecutively localize points below the diffraction 
limit. FIG. 1C shows a transmission electron microscope 
(TEM) image of DNA origami polymers with a measured 
width of 16+1 nm (meantistdv) scale bar: 40 nm). FIG. 1D 
shows Super-resolution fluorescence images obtained using 
Cy3b-labeled imager strands (15,000 frames, 5 Hz frame 
rate). Two distinct lines are visible scale bars: 40 nm. FIG. 
1E shows a cross-sectional histogram of highlighted areas 
<i> and <i> in FIG.1D (arrows denote histogram direction), 
which show that the designed distance of approximately 16 
nm is clearly resolved (full width at half maximum (FWHM) 
of each distribution is observed to be approximately 9 mm). 
0132 FIG. 2 shows an example of a biomolecule labeling 
scheme of the present disclosure where a protein (e.g., protein 
target) is labeled with antibody-DNA conjugates of the 
present disclosure and complementary fluorescently-labeled 
imager strands. The antibodies are linked to the docking 
Strands through a linker that contains biotin and streptavidin 
(e.g., biotin-streptavidin-biotin linker). 
0.133 FIG.3A shows a super-resolution image of a micro 
tubule network inside a fixed HeLa cell using an antibody 
DNA conjugate and Atto655-labeled imager strands (10,000 
frames, 10 Hz frame rate) scale bar:5um. FIG. 3B shows a 
high magnification image of the highlighted area in FIG. 3A 
scale bar: 1 um). FIG. 3C shows a diffraction-limited repre 
sentation of the same area in FIG. 3B. Arrows highlight 
positions where the increase in resolution of the image is 
clearly visible. Adjacent microtubules with an apparent width 
of approximately 46 nm at position <i> in FIG. 3B are sepa 
rated by approximately 79 nm scale bar: 1 um. FIG. 3D 
shows a dual-color super-resolution image (15,000 frames, 
10 Hz frame rate) of microtubules and mitochondria inside a 
fixed HeLa cell obtained using antibody-DNA conjugates, 
Cy3b-labeled imager strands for microtubules (linear-like 
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structures) and Atto655-labeled imager strands for mitochon 
dria (patch-like structures) scale bar: 5um. FIG. 3E shows 
a high magnification image of the highlighted area in FIG. 3D 
scale bar: 1 um. FIG.3F shows a diffraction-limited image 
of the same area shown in FIG. 3E scale bar: 1 um. 
0.134 FIG. 4A shows one embodiment of the present dis 
closure using spectrally indistinct imager Strands (e.g., each 
labeled with the same color fluorophore). In step 1, three 
different species of docking Strands (a,b,c) label a surface. 
Such labeling may occur using the docking Strand alone or 
linked to a protein-binding (e.g., antibody) or a nucleic acid 
binding molecule that binds to the surface/biomolecule of 
interest. In step 2, multiple copies of the imager strand a 
are introduced (where a has a sequence complementary to 
a), and points labeled with docking strands a are imaged. In 
step 3. copies of the imager Stranda are flushed away, and 
imager strand b* is introduced to image the blabeled points. 
Images are obtained, and imager strands b are washed away. 
In step 4 c labeled points are imaged in the same manner. In 
step 5, images from 2-4 are assigned pseudo-colors and 
combined to create the final image. Although pseudo-colors 
may be used in the final rendering of the image, all imager 
Strands are actually labeled with the same color dye (e.g., 
fluorophore). FIGS. 4B(1)-4B(3) show that reducing the 
image density simultaneously increases the achievable reso 
lution by up to a factor of 2V2 ln2s2.35. Here, the resolution, 
previously defined as the FWHM of the reconstructed local 
izations, can be understood as the standard deviation of the 
localization as in localization microscopy with sparse points. 
FIG. 4B(1) shows seven points in a linear geometry spaced at 
10 nm (top). Simulated Super-resolution data with approxi 
mately 14 nm resolution (center). The points cannot be 
resolved. Cross-sectional histogram data shows a broad peak 
(bottom). FIGS. 4B(2) and 4B(3) show that imaging every 
other site allows the localization of individual spots. These 
localizations can then be combined to form the final image of 
the full pattern. FIG. 4C shows an image of a DNA origami 
structure that displays docking strands spaced at 10 nm inter 
vals. 

0.135 FIG. 5A shows one embodiment of the present dis 
closure using DNA origami structures with different species 
of docking strands at designated positions resembling num 
bers 0-3 (0, 1, 2 and 3). For each round, the respective imager 
Strand sequence is added to an imaging chamber, image 
acquisition is carried out and the imager Strands are washed 
out. In each imaging round the designed number is imaged, 
showing a very sequence-specific interaction with no 
crosstalk between different rounds Scale bar: 50 nm. Note 
that all imager Strands are labeled with the same color dye, 
though each structure (e.g., 0-3 (0, 1, 2 and 3)) is rendered a 
distinct color (e.g., purple, yellow, blue, or red; color render 
ing not shown). FIGS. 5B(i)-(v) show another embodiment of 
the present disclosure using DNA origami structures with 
different species of docking strands at designated positions 
resembling numbers 0-9 (0, 1, 2, 3, 4, 5, 6, 7, 8 and 9). FIG. 
5B(i) shows an exchange-PAINT schematic showing sequen 
tial imaging of multiple targets using imager strands labeled 
with the same fluorophore. FIG. 5B(ii) shows a schematic of 
a DNA origami (70 100 nm) displaying docking strands that 
resemble digit 4. FIG. 5B(iii) shows a combined overview 
image of all ten Exchange-PAINT cycles, demonstrating spe 
cific interaction with the respective target with no crosstalk 
between imaging cycles. Scale bar: 250 nm. FIG. 5B(iv) 
shows a four-"color image of digits 0 to 3 that are all present 
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on the same DNA origami (10,000 frames each, 5 Hz frame 
rate; schematic at the bottom). Scale bar: 25 nm. FIG. 5B(V) 
shows pseudocolor images often different origami structures, 
each rendered a distinct color (e.g., orange, green, blue, 
purple, pink, etc.; color rendering not shown), displaying 
digits 0 to 9 in one sample with high resolution (FWHM of 
bar-like features <10 nm) and specificity. Image obtained 
using only one fluorophore (Cy3b) through ten imaging 
washing cycles (imaging: 7,500 frames per cycle, 5 Hz frame 
rate; washing: 1-2 minutes per cycle). Scale bar: 25 nm. 
0.136 FIG. 6A shows an experimental schematic for one 
embodiment of the present disclosure using fixed HeLa cells, 
where in one round, docking Strands are bound to a target, 
labeled imager strands are then added, an image is acquired, 
and the imager strands are washed away. Each round is 
repeated with docking strands specific for different targets 
along with different labeled imager Strands. The docking 
Strands may be used alone or linked to a protein-binding (e.g., 
antibody) or a nucleic acid-binding molecule that binds to the 
target of interest. FIG. 6B shows two rounds of a method of 
the present disclosure using Cy3b-labeled imager Strands in 
fixed HeLa cells. Here, microtubules (green pseudo-color; 
color rendering not shown) were labeled with docking 
sequence a and mitochondria (magenta pseudo-color; color 
rendering not shown) with orthogonal docking sequence b. 
FIG. 6C shows two rounds of a method of the present disclo 
sure using ATTO655-labeled imager strands performed in 
fixed HeLa cells similar to FIG. 6B. Scale bars: 5um. Note 
that all imager strands are labeled with the same color dye. 
0.137 FIG. 7A shows that fluorescently-labeled imager 
Strands transiently bind from Solution to complementary 
docking strands on a structure or molecule of interest. The 
transient binding produces an apparent blinking as shown in 
the binding Vs. time trace with characteristic fluorescence 
ON- and OFF-times (tand t, respectively). The detected 
binding frequency of imager Strands from Solution is linearly 
dependent on the number of available docking Strands in a 
given image area (i.e., the more docking strands, the higher 
the binding frequency). The time in-between binding events, 
i.e., the fluorescence OFF-time (t), is inversely proportional 
to the number of docking strands. FIG. 7B shows that the 
average fluorescence OFF-time (t) can be determined by 
calculating a cumulative distribution function (CDF) for the 
OFF-time distribution. Given a known association constant 
k, and imager strand concentration c, the number of binding 
sites can be calculated by: number of binding sites= 
(TAck). FIG.7C shows a super-resolution image of DNA 
origami structures designed to display 13 binding sites as a 
proof-of-concept platform. The incorporation efficiency for 
docking sites is not 100% leading to a distribution of actually 
incorporated sites (FIG. 7D(1)). The structures serve as an 
ideal test system, as the number of displayed docking sites 
can be determined visually by counting the number of spots 
(direct counting) and comparing it with the corresponding 
number of sites calculated using the proposed binding kinetic 
analysis. FIG. 7D(1) shows the binding site distribution for 
377 origami structures obtained by direct visual counting. 
FIG. 7D(2) shows the binding site distribution for the same 
structures obtained by binding kinetic analysis (kinetics) of 
the present disclosure. FIG. 7D(3) shows the “offset” 
between direct and kinetic counting: the counting "error” or 
uncertainty for the method of the present disclosure is less 
than 7% (determined by the coefficient of variation of the 
Gaussian distribution). 
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0.138 FIG. 8A shows mRNA molecules of interest in fixed 
Escherichia coli cells tagged using docking strands in a 
FISH-like hybridization scheme. FIG. 8B shows a readout 
scheme used to determine the binding frequency for each 
imaging color. The intensity vs. time profile of each single 
mRNA location yields a specific transient binding pattern 
(blinking) percolor. The frequency of binding events depends 
on the number of binding sites allowing the use of the binding 
frequency to distinguish between different integer numbers of 
binding sites. FIG. 8C shows an in vitro proof-of-principle 
experiment on DNA origami structures displaying 3, 9, 22 
and 44 binding sites for each of the red, green, and blue 
imager Strands, respectively (color rendering not shown). The 
different binding levels are clearly distinguishable for each 
color, Suggesting 4 possible “frequency levels' per color, 
yielding up to 124 different possible combinations for bar 
coding, e.g., mRNA molecules inside cells. The barcoding 
space can be increased by using the fluorescence ON-time as 
an additional coding entity. 
0.139 FIG. 9 shows a graph demonstrating that the fluo 
rescence ON-time (related to the dissociation rate k) can be 
tuned independently of the fluorescence OFF-time (related to 
the association rate k.). Extending the imaging/docking 
duplex from 9 to 10 nucleotides (nt) by adding a single CG 
base pair, the kinetic OFF-rate is reduced by almost one order 
of magnitude (8). 
0140 FIG. 10A shows a barcode probe that is roughly 50 
nucleotide (nt) in length and can tag a biomolecule using a 21 
nt target detection domaint followed by an approximately 
30 nt long “barcode” region with a combination of 8,9, or 10 
nt long binding domain for red, green, or blue imager strands. 
Here, 8, 9 or 10 nt long docking strands are displayed for three 
colors with a k of 10, 1 and 0.1 per second, respectively 
(color rendering not shown). FIG. 10B shows characteristic 
intensity vs. time traces with increased fluorescence ON 
times O, for the 9 nt interaction domain compared to the 8 nt 
interaction domain. FIG. 10C shows stochastic simulations 
demonstrating that k values of 10, 1 and 0.1 per second can 
be distinguished. 
0.141 FIG. 11A shows that in the traditional method of 
detection, where a single fluorophore is stably attached to the 
imaging surface (see FIG. 11B(1)), a limited number of pho 
tons per “switching” event is emitted (top panel), that extrac 
tion of all photons from “replenishable' imager strands (see 
FIG. 11B.(2)) leads to higher localization accuracy per 
switching event (middle panel), and that a DNA metafluoro 
phore (see FIG. 11B(3) and FIG. 11B(4)) yields a signifi 
cantly larger number of photons per Switching event than the 
single fluorophore in FIG. 11B(2) (bottom). FIGS. 11B(1)- 
11B(3) show schematics of current imaging methods and 
methods of the present disclosure. FIG. 11B.(1) shows a tra 
ditional detection method (e.g., in STORM), which uses a 
fluorophorestably attached to the imaging surface. FIG. 11B 
(2) shows one embodiment of a detection method of the 
present disclosure with fluorophores transiently binding to 
the imaging surface. FIG. 11B(3) shows a bright metafluoro 
phore with 8 fluorophores in a compact DNA nanostructure. 
FIG. 11B(4) shows a conditional metafluorophore decorated 
with both quenchers (dark dots) and fluorophores (stars) that 
only fluoresces when transiently bound to the surface. FIG. 
11C shows a DNA origami structure with docking sites 
arranged in a 4x3 grid, spacing 20 nm. Single sites are opti 
cally localized with an accuracy of approximately 3 nm, 
currently the highest demonstrated resolution scale bar: 50 
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nm. FIG. 11D shows a 280 nmx240 nm DNA nano-rectangle 
(single-stranded tile structure (15), 10x larger area than 
origami) displaying 2000 single-stranded docking Strands 
(dots) with 7 or 5 nm spacing used as a test platform for 
ultra-resolution imaging scale bar: 100 nm. 
0142 FIG. 12A(i) illustrates schematics showing the prin 
ciple of each stage of drift correction. In each image, black 
markers and lines indicate source data, and gray values and 
curves indicate the calculated drift correction. FIG. 12A(ii) 
shows a schematic drawing of the major type of drift markers 
(e.g., DNA drift markers) used in each stage. FIG. 12B(i) 
illustrates an example structure showing the imaging quality 
after each stage or correction, and FIG. 12B(ii) shows a 
Zoomed image of the corresponding green rectangle in FIG. 
12B(i) at each stage. The scale bars shown in FIGS. 12B(i) 
and 12B(ii) correspond to 50 nm. FIG. 12C(i) illustrates an 
example drift trace after each stage of correction, and FIG. 
12C(ii) shows a Zoomed image of the corresponding rect 
angle in FIG. 12C(i) at each stage. The scale bars in FIG. 
12C(i) correspond to X: 500 nm, t: 500s, and the scale bars in 
FIG. 12C(ii) correspond to X: 10 nm, t: 10 s. 
0143 FIG. 13 illustrates a process for performing drift 
correction in accordance with some embodiments. 
014.4 FIG. 14 illustrates a process for performing drift 
correction corresponding to stage 230 of FIG. 13. 
0145 FIG. 15 illustrates a process for performing drift 
correction corresponding to stage 240 of FIG. 13. 
0146 FIG. 16 illustrates 3D tetrahedrons used as tem 
plates for 3D drift correction. The four corners are labeled 
with docking sites. FIG. 16A shows that the four corners are 
clearly resolved. FIG. 16B illustrates the X-Z projection of 
the structures with a height of -85 nm. 
0147 FIG. 17 shows an illustrative implementation of 
computer system 600 that may be used in connection with any 
of the embodiments of the present disclosure described 
herein. 
0148 FIGS. 18A-18C illustrate an alternative representa 
tion of stages in a drift correction process in accordance with 
Some embodiments of the present disclosure. A Super-re 
Solved image of a 10 nm-spaced regular grid on a single 
molecule DNA origami nanostructure is shown. The DNA 
origami structure was designed to be a 5x8 square lattice of 10 
nm spacing both vertically and horizontally. FIG. 18A shows 
a scatter plot of collected and filtered localizations, repre 
sented by crosses. FIG. 18B shows a binned 2-D histogram 
view of the above structure. FIG. 18C shows a 1-D histogram 
by projecting all localizations in the rectangle in FIGS. 18A 
and 18B onto the x-axis, and least square fitting with 8 Gaus 
sian components. The fitted Gaussian peaks all have standard 
deviation in the range of 1.5-2.4 nm, allowing for 3.5-5.6 mm 
resolution in principle; and spacing between neighboring 
peaks in the range of 9.8-11.0 nm, consistent with the DNA 
origami design. A few (5 in this case) spots are missing in the 
structure because of imperfect incorporation of staples in the 
assembly reaction, but not missed during the Super-resolution 
imaging. 
0149 FIGS. 19A and 19B show that RNAaptamers modu 
late the fluorescence of GFP-like fluorophores. FIG. 19A 
shows structures of HBI (green), in the context of GFP, and 
DMHBI. FIG. 19B shows that the 13-2 RNA aptamer 
enhances the fluorescence of DMHBI by stabilizing a par 
ticular molecular arrangement favorable for fluorescence 
emission. Solutions containing DMHBI, 13-2 RNA, DMHBI 
with 13-2 RNA, or DMHBI with total HeLa cell RNA were 
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photographed under illumination with 365 nm of light. The 
image is a montage obtained under identical image-acquisi 
tion conditions. (Image from Paige et al., ref. 19) 
(O150 FIGS. 20A and 20B show single-molecule fluores 
cence characterization of the DFHBI binding kinetics. FIG. 
20A shows a 5'-extended Spinach (green) is immobilized on 
a 

0151. BSA/Biotin-coated glass substrate using a biotiny 
lated DNA capture sequence (labeled with a red dye, e.g. 
Alexa647; color rendering not shown). FIG. 20B shows a 
bulk fluorescence measurement of the Spinach-DFHBI 
before (bottom line) and after (top line) addition of the 
aptamer shows that the DFHBI binding activity is well main 
tained after the addition an extension to Spinach required for 
immobilizing to the glass surface in FIG. 20A. 
0152 FIGS. 21A and 21B show benchmarking Spinach 
PAINT performance. FIG. 20A shows a six-helix DNA 
origami structure used for placing two Spinach molecules in 
a defined distance. FIG. 20B shows a simulated representa 
tion of a super-resolved reconstruction using DNA-PAINT to 
localize the DNA structure (P) and Spinach-PAINT to local 
ize the Spinach molecules in three different distances. 
0153 FIG. 22 shows Spinach-based sensors. The allos 
teric variant of the Spinach-based sensor (left) comprises the 
Spinach domain (black), the transducer module (medium 
gray), and the recognition module (light gray). In the absence 
of the target molecule, the transducer module is in a primarily 
unstructured state, which prevents the stabilization of the 
Spinach structure needed for activation of DFHBI. Upon 
binding of the target molecule, the transducer module forms a 
duplex, leading to structural rigidification of the Spinach 
module, and activation of DFHBI fluorescence (ref. 24). 
0154 FIGS. 23A and 23B show examples of invitro and in 
situ Exchange-PAINT chambers. 

DESCRIPTION OF THE INVENTION 

0155 The present disclosure provides, interalia, methods, 
compositions and kits for multiplexed imaging, for example, 
in a cellular environment using nucleic acid-based imaging 
probes (e.g., DNA-based imaging probes). The methods, 
compositions and kits for multiplexed fluorescence imaging 
are not limited by the degree of resolution attained. Thus, the 
methods, compositions and kits as provided herein may be 
used for imaging, generally. 
0156. In some aspects, the present disclosure further pro 
vides, inter alia, methods, compositions and kits for multi 
plexed Super-resolution fluorescence imaging, for example, 
in a cellular environment using nucleic acid-based imaging 
probes (e.g., DNA-based imaging probes). As used herein, 
'Super-resolution' imaging refers to the process of combin 
ing a set of low resolution images of the same area to obtain 
a single image of higher resolution. Many aspects of the 
present disclosure may be used to "switch’ targets (e.g., bio 
molecules) of interest between fluorescent ON- and OFF 
states to permit consecutive, or in some instances simulta 
neous, localization of individual targets. A fluorescent “ON” 
state is a state in which fluorescence is emitted. A fluorescent 
“OFF' state is a state in which fluorescence is not emitted. 
Switching between the two states is achieved, in some 
embodiments, with diffusing molecules that are labeled with 
a detectable label (e.g., fluorescent molecules) that interact 
transiently with the targets using an intermediate moiety that 
comprises the detectable label (e.g., fluorescent molecule(s)) 
and binds to the target. The methods, compositions and kits of 
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the present disclosure are useful, in some aspects, for detect 
ing, identifying and quantifying target targets of interest. 
0157 Binding partner-nucleic acid conjugates (“BP-NA 
conjugates') of the present disclosure transiently bind to 
complementary labeled, optionally fluorescently labeled, 
imager Strands. As used herein, "binding partner-nucleic acid 
conjugate.” or “BP-NA conjugate.” refers to a molecule 
linked (e.g., through an N-Hydroxysuccinimide (NHS) 
linker) to a single-stranded nucleic acid (e.g., DNA) docking 
Strand. The binding partner of the conjugate may be any 
moiety (e.g., antibody or aptamer) that has an affinity for 
(e.g., binds to) a target, such as a biomolecule (e.g., protein or 
nucleic acid), of interest. In some embodiments, the binding 
partner is a protein. BP-NA-conjugates that comprise a pro 
tein (or peptide) linked to a docking strand may be referred to 
herein as “protein-nucleic acid conjugates.” or “protein-NA 
conjugates.” Examples of proteins for use in the conjugates of 
the present disclosure include, without limitation, antibodies 
(e.g., monoclonal monobodies), antigen-binding antibody 
fragments (e.g., Fab fragments), receptors, peptides and pep 
tide aptamers. Other binding partners may be used in accor 
dance with the present disclosure. For example, binding part 
ners that bind to targets through electrostatic (e.g., 
electrostatic particles), hydrophobic or magnetic (e.g., mag 
netic particles) interactions are contemplated herein. 
0158. As used herein, “antibody' includes full-length 
antibodies and any antigen binding fragment (e.g., “antigen 
binding portion') or single chain thereof. The term “anti 
body includes, without limitation, a glycoprotein compris 
ing at least two heavy (H) chains and two light (L) chains 
inter-connected by disulfide bonds, or an antigen binding 
portion thereof. Antibodies may be polyclonal or mono 
clonal; Xenogeneic, allogeneic, or Syngeneic; or modified 
forms thereof (e.g., humanized, chimeric). 
0159. As used herein, “antigen-binding portion of an 
antibody, refers to one or more fragments of an antibody that 
retain the ability to specifically bind to an antigen. The anti 
gen-binding function of an antibody can be performed by 
fragments of a full-length antibody. Examples of binding 
fragments encompassed within the term “antigen-binding 
portion' of an antibody include (i) a Fab fragment, a monova 
lent fragment consisting of the V, V, C, and C domains: 
(ii) a F(ab')2 fragment, a bivalent fragment comprising two 
Fab fragments linked by a disulfide bridge at the hinge region; 
(iii) a Fd fragment consisting of the V and C domains; (iv) 
a Fv fragment consisting of the V and V, domains of a single 
arm of an antibody, (v) a dAb fragment (Ward et al., Nature 
341:544546, 1989), which consists of a V. domain; and (vi) 
an isolated complementarity determining region (CDR) or 
(vii) a combination of two or more isolated CDRs, which may 
optionally be joined by a synthetic linker. Furthermore, 
although the two domains of the FV fragment, V and V, are 
coded for by separate genes, they can be joined, using recom 
binant methods, by a synthetic linker that enables them to be 
made as a single protein chain in which the V and V regions 
pair to form monovalent molecules (known as single chain FV 
(scFV); see, e.g., Bird et al. Science 242:423 426, 1988; and 
Huston et al. Proc. Natl. Acad. Sci. USA 85:5879-5883, 
1988). Such single chain antibodies are also encompassed 
within the term “antigen-binding portion of an antibody. 
These antibody fragments are obtained using conventional 
techniques known to those with skill in the art, and the frag 
ments are screened for utility in the same manner as are intact 
antibodies. 
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0160. As used herein, “receptors' refer to cellular-derived 
molecules (e.g., proteins) that bind to ligands Such as, for 
example, peptides or Small molecules (e.g., low molecular 
weight (<900 Daltons) organic or inorganic compounds). 
0.161. As used herein, "peptide aptamer refers to a mol 
ecule with a variable peptide sequence inserted into a constant 
scaffold protein (see, e.g., Baines I C, et al. Drug Discov. 
Today 11:334-341, 2006). 
(0162. In some embodiments, the molecule of the BP-NA 
conjugate is a nucleic acid such as, for example, a nucleic acid 
aptamer. As used herein, “nucleic acid aptamer” refers to a 
small RNA or DNA molecules that can form secondary and 
tertiary structures capable of specifically binding proteins or 
other cellular targets (see, e.g., Ni X, et al. Curr Med Chem. 
18(27): 4206-4214, 2011). Thus, in some embodiments, the 
BP-NA conjugate may be anaptamer-nucleic acid conjugate. 
0163 As used herein a “docking strand refers to a single 
stranded nucleic acid (e.g., DNA) that is about 5 nucleotides 
to about 50 nucleotides in length (or is 5 nucleotides to 50 
nucleotides in length). In some embodiments, a docking 
strand is about 4 to about 60, about 6 nucleotides to about 40 
nucleotides, about 7 nucleotides to about 30 nucleotides, 
about 8 to about 20 nucleotides, or about 9 nucleotides to 
about 15 nucleotides in length. In some embodiments, a dock 
ing strand is (or is about) 4, 5, 6,7,8,9, 10, 11, 12, 13, 14, 15, 
16, 17, 18, 19, 2021, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 
33,34,35,36, 37,38, 39, 40, 41, 42, 43,44, 45,46, 47, 48,49, 
50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, or more nucleotides 
in length. 
0164. A docking strand may have one domain or more 
than one domain (i.e., a plurality of domains), each domain 
complementary to a respective imager strand. As used herein, 
a "docking Strand domain refers to a nucleotide sequence of 
the docking Strand that is complementary to a nucleotide 
sequence of an imager Strand. A docking strand, for example, 
may contain one, two three, or more domains, each domain 
complementary to an imager strand. Each complementary 
imager Strand can contain a distinct label (e.g., a red fluoro 
phore, a blue fluorophore, or a green fluorophore), or all 
complementary imager strands can contain the same label 
(e.g., red fluorophores). For example, for a three-domain 
docking strand, the Strand may contain a first domain comple 
mentary to an imager Strand labeled with a red fluorophore, a 
second domain complementary to an imager Strand labeled 
with a blue fluorophore, and a third domain complementary to 
an imager strand labeled with a green fluorophore. Alterna 
tively, each of three dockingdomains may be complementary 
to imager strands labeled with a red fluorophore. In some 
embodiments, a docking Strand has at least 2, at least 3, at 
least 4, at least 5, or more domains, each respectively comple 
mentary to an imager Strand. In some embodiments, a dock 
ing strand has 1 to 5, 1 to 10, 1 to 15, 1 to 20, 1 to 25, 1 to 50, 
or 1 to 100 domains, each respectively complementary to an 
imager Strand. 
0.165. As used herein, an “imager strand is a single 
stranded nucleic acid (e.g., DNA) that is about 4 to about 30 
nucleotides, about 5 to about 18 nucleotides, about 6 to about 
15 nucleotides, about 7 to about 12 nucleotides, or about 8 to 
10 nucleotides in length and is fluorescently-labeled. In some 
embodiments, the imager Strand may be (or may be about) 4. 
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 
23, 24, 25, 26, 27, 28, 29 or 30 nucleotides in length. An 
imager Strand of the present disclosure is complementary to 
and transiently binds to a docking Strand. Two nucleic acids or 
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nucleic acid domains are "complementary’ to one another if 
they base-pair, or bind, with each other to form a double 
stranded nucleic acid molecule via Watson-Crick interac 
tions. As used herein, "binding refers to an association 
between at least two molecules due to, for example, electro 
static, hydrophobic, ionic and/or hydrogen-bond interactions 
under physiological conditions. An imager Strand is consid 
ered to “transiently bind to a docking strand if it binds to a 
complementary region of a docking strand and then disasso 
ciates (unbinds) from the docking strand within a short period 
of time, for example, at room temperature. In some embodi 
ments, an imager Strand remains bound to a docking strand 
for about 0.1 to about 10, or about 0.1 to about 5 seconds. For 
example, an imager strand may remain bound to a docking 
strand for about 0.1, about 1, about 5 or about 10 seconds. 
0166 Imager strands of the present disclosure may be 
labeled with a detectable label (e.g., a fluorescent label, and 
thus are considered “fluorescently labeled'). For example, in 
Some embodiments, an imager Strand may comprise at least 
one (i.e., one or more) fluorophore. Examples of fluorophores 
for use in accordance with the present disclosure include, 
without limitation, Xanthene derivatives (e.g., fluorescein, 
rhodamine, Oregon green, eosin and Texas red), cyanine 
derivatives (e.g., cyanine, indocarbocyanine, oxacarbocya 
nine, thiacarbocyanine and merocyanine), naphthalene 
derivatives (e.g., dansyl and prodan derivatives), coumarin 
derivatives, oxadiazole derivatives (e.g., pyridyloxazole, 
nitrobenzoxadiazole and benzoxadiazole), pyrene derivatives 
(e.g., cascade blue), oxazine derivatives (e.g., Nile red, Nile 
blue, cresyl violet and oxazine 170), acridine derivatives 
(e.g., proflavin, acridine orange and acridine yellow), aryl 
methine derivatives (e.g., auramine, crystal violet and mala 
chite green), and tetrapyrrole derivatives (e.g., porphin, 
phthalocyanine and bilirubin). Other detectable labels may be 
used in accordance with the present disclosure. Such us, for 
example, gold nanoparticles or other detectable particles or 
moieties. 

0167 As used herein, “spectrally distinct molecules of 
the present disclosure (e.g., conjugates and/or imager 
strands) refer to molecules with labels (e.g., fluorophores) of 
different spectral signal or wavelength. For example, an 
imager Strand labeled with a Cy2 fluorophore emits a signal at 
a wavelength of light of about 510 nm, while an imager strand 
labeled with a Cy5 fluorophore emits a signal at a wavelength 
oflight of about 670 nm. Thus, the Cy2-labeled imager strand 
is considered herein to be spectrally distinct from the Cy5 
labeled imager strand. Conversely, “spectrally indistinct 
molecules of the present disclosure herein refer to molecules 
with labels having the same spectral signal or wavelength— 
that is, the emission wavelength of the labels cannot be used 
to distinguish between two spectrally indistinct fluorescently 
labeled molecules (e.g., because the wavelengths are the 
same or close together). 
0168 The BP-NA conjugates (e.g., protein-nucleic acid 
conjugates) of the present disclosure may, in some embodi 
ments, comprise an intermediate linker that links (e.g., 
covalently or non-covalently) the molecule to a docking 
strand. The intermediate linker may comprise biotin and/or 
streptavidin. For example, in Some embodiments, an antibody 
and a docking strand may each be biotinylated (i.e., linked to 
at least one biotin molecule) and linked to each other through 
biotin binding to an intermediate Streptavidin molecule, as 
shown in FIG. 2. Other intermediate linkers may be used in 
accordance with the present disclosure. In some embodi 
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ments, such as those where the molecule is a nucleic acid, an 
intermediate linker may not be required. For example, the 
docking strand of a BP-NA conjugate may be an extension 
(e.g., 5' or 3' extension) of a nucleic acid molecule Such as, for 
example, a nucleic acid aptamer. 
0169 Pluralities of BP-NA conjugates (e.g., protein 
nucleic acid conjugates) and imager Strands are provided 
herein. A plurality may be a population of the same species or 
distinct species. A plurality of BP-NA conjugates of the same 
species may comprise conjugates that all bind to the same 
target (e.g., biomolecule) (e.g., the same epitope or region/ 
domain). Conversely, a plurality of BP-NA conjugates of 
distinct species may comprise conjugates, or Subsets of con 
jugates, each conjugate or Subset of conjugates binding to a 
distinct epitope on the same target or to a distinct target. A 
plurality of imager Strands of the same species may comprise 
imager Strands with the same nucleotide sequence and the 
same fluorescent label (e.g., Cy2, Cy3 or Cy4). Conversely, a 
plurality of imager Strands of distinct species may comprise 
imager Strands with distinct nucleotide sequences (e.g., DNA 
sequences) and distinct fluorescent labels (e.g., Cy2, Cy3 or 
Cy4) or with distinct nucleotide sequences and the same 
fluorescent (e.g., all Cy2). The number of distinct species in a 
given plurality of BP-NA conjugates is limited by the number 
of binding partners (e.g., antibodies) and the number of dock 
ing strands of different nucleotide sequence (and thus 
complementary imager strands). In some embodiments, a 
plurality of BP-NA conjugates (e.g., protein-nucleic acid 
conjugates) comprises at least 10, 50, 100, 500, 1000, 2000, 
3000, 4000, 5000, 10, 50000, 10, 10, 10°, 107, 10, 10, 
10", 10' BP-NA conjugates. Likewise, in some embodi 
ments, a plurality of fluorescently-labeled imager strands 
comprises at least 10, 50, 100, 500, 1000, 2000, 3000, 4000, 
5000, 10, 50000, 10, 10, 10°, 107, 10, 10, 10, 10' 
fluorescently-labeled imager Strands. In some embodiments, 
a plurality may contain 1 to about 200 or more distinct species 
of BP-NA conjugates and/or imager strands. For example, a 
plurality may contain at least 1, 2,3,4,5,6,7,8,9, 10, 15, 20, 
25, 30, 35, 40, 45, 50,55, 60, 65,70, 75, 80, 85,90, 95, 100, 
125, 150, 175, 200 or more distinct species. In some embodi 
ments, a plurality may contain less than about 5 to about 200 
distinct species of BP-NA conjugates and/or imager strands. 
For example, a plurality may contain less than 5, 6,7,8,9, 10. 
15, 20, 25, 30,35, 40, 45,50,55, 60, 65,70, 75,80, 85,90, 95, 
100, 125, 150, 175 or 200 distinct species. 
0170 The present disclosure also contemplates docking 
Strands that can bind directly to a target. For example, as 
shown in FIG. 8A, a docking strand may contain, in additional 
to imager-binding domain(s) (e.g., one, two, three, or more, 
with the same or distinct fluorophores), a target domain that is 
complementary to and binds to a target, Such as, for example, 
mRNA or other nucleic acid. 

Methods 

0171 Methods provided herein are based, in part, on the 
programmability of nucleic acid docking strands and imager 
Strands. That is, for example, docking strands and imager 
Strands can be designed such that they bind to each other 
under certain conditions for a certain period of time. This 
programmability permits transient binding of imager strands 
to docking Strands, as provided herein. Generally, the meth 
ods provided herein are directed to identifying one or more 
target(s) (e.g., biomolecule(s) such as a protein or nucleic 
acid) in a particular sample (e.g., biological sample). In some 
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instances, whether or not one or more target(s) is present in 
sample is unknown. Thus, methods of the present disclosure 
may be used to determine the presence or absence of one or 
more target(s) in a sample Suspected of containing the target 
(s). In any one of the aspects and embodiments provided 
herein, a sample may contain or may be suspected of contain 
ing one or more target(s). 
0172 Methods provided herein can also be used to iden 

tify the absolute quantity of a single target (e.g., Such as, for 
example, a particular protein), or the quantity of a single 
target relative to one or more other targets. 
0173 Further, methods provided herein may be used to 
identify the location of a target within a sample or relative to 
other targets in the sample. 
0.174 Methods provided herein may comprise, in some 
embodiments, contacting a sample with (a) at least one BP 
NA conjugate (e.g., protein-nucleic acid conjugate) that com 
prises a binding partner linked to a docking Strand and (b) at 
least one labeled, optionally fluorescently labeled, imager 
Strand that is complementary to and transiently binds to the 
docking Strand of the at least one BP-NA conjugate, and then 
determining whether the at least one BP-NA conjugate binds 
to at least one target (Such as a biomolecule target) in the 
sample. In some embodiments, the determining step com 
prises imaging (e.g., with time-lapsed fluorescent micros 
copy techniques) transient binding of the at least one labeled, 
optionally fluorescently labeled, imager Strand to the docking 
strand of the at least one BP-NA conjugate. 
(0175 Other methods provided herein may comprise, in 
Some embodiments, contacting a sample with (a) at least two 
BP-NA conjugates, each comprising a binding partner linked 
to a docking strand, and (b) at least two labeled, optionally 
spectrally distinct, fluorescently labeled, imager Strands that 
are complementary to and transiently bind to respective dock 
ing strands of the at least two different BP-NA conjugates, 
and then determining whether the at least two BP-NA conju 
gates bind to at least one, or at least two, targets (such as 
biomolecule targets) in the sample. Binding of the BP-NA 
conjugates to respective targets can be determined by imag 
ing transient binding of one of the at least two labeled, option 
ally spectrally distinct, fluorescently labeled, imager Strands 
to a docking strand of one of the at least two BP-NA conju 
gates to produce a first image, and then imaging transient 
binding of another of the at least two labeled, optionally 
spectrally distinct, fluorescently labeled, imager strands to a 
docking strand of another of the at least two BP-NA conju 
gates to produce a second image. In some embodiments, the 
methods further comprise combining the first image and the 
Second image to produce a composite image of signals (e.g., 
fluorescent signals), wherein the signals (e.g., fluorescent 
signals) of the composite image are representative of the at 
least two targets. As used herein, a “composite image” refers 
to a single image produced by combining (e.g., overlaying) 
multiple images of the same (or Substantially similar) area. A 
composite image may also be referred to as a Super-resolution 
image, as described elsewhere herein. 
0176 FIG.3 demonstrates one embodiment of the present 
disclosure in which two distinct species of BP-NA conjugates 
(e.g., antibody-nucleic acid conjugates) are used to label bio 
molecules in a fixed HeLa cell sample. One species of anti 
body-nucleic acid conjugate comprises an antibody that rec 
ognizes and binds to an epitope on mitochondria. The 
mitochondrial specific antibody is linked to a docking strand 
with a sequence complementary to a Cy3b-labled imager 
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Strand. The other species of antibody-nucleic acid conjugate 
comprises an antibody that recognizes and binds to an epitope 
on microtubules. The microtubule specific antibody is linked 
to a docking strand with a sequence complementary to an 
ATTO655-labeled imager strand. Two spectrally distinct spe 
cies of imager Strands are then introduced at the same time: 
one species is labeled with Cy3b and is complementary to the 
docking strand that is linked to the mitochondrial specific 
antibody, and the other species is labeled with ATTO655 and 
is complementary to the docking strand that is linked to the 
microtubule specific antibody. While both the Cy3b-labled 
imager strand and the ATTO655-labled imager strand are 
present at the same time in Solution with the sample, imaging 
is carried our sequentially in Cy3b and ATTO655 channels. 
0177 Yet other methods provided herein may comprise, in 
Some embodiments, contacting a sample with (a) at least two 
BP-NA conjugates, each comprising a protein linked to a 
docking Strand and (b) at least two spectrally indistinct (e.g., 
labeled with the same fluorophore) fluorescently-labeled 
imager Strands that are complementary to and transiently bind 
to respective docking strands of the at least two BP-NA con 
jugates, and then determining whether the at last two BP-NA 
conjugates bind to at least two targets (e.g., biomolecule 
targets) in the sample. In some embodiments, the methods 
comprise, in the following ordered steps, contacting the 
sample with a first BP-NA conjugate and at least one other 
BP-NA conjugate, contacting the sample with a first fluores 
cently-labeled imager Strand that is complementary to and 
transiently binds to the docking strand of the first BP-NA 
conjugate, determining whether the first BP-NA conjugate 
binds to a first target, removing the first fluorescently-labeled 
imager Strand, contacting the sample with at least one other 
fluorescently-labeled imager strand that is complementary to 
and transiently binds to the docking strand of the at least one 
other BP-NA conjugate, and determining whether the at least 
one other BP-NA conjugate binds to at least one other target. 
0.178 Alternatively, in other embodiments, methods com 
prise, in the following ordered steps, contacting the sample 
with a first BP-NA conjugate, contacting the sample with a 
first fluorescently-labeled imager Strand that is complemen 
tary to and transiently binds to the docking strand of the first 
BP-NA conjugate, determining whether the first BP-NA con 
jugate binds to a first target (e.g., biomolecule), removing the 
first fluorescently-labeled imager Strand, contacting the 
sample with at least one other BP-NA conjugate, contacting 
the sample with at least one other fluorescently-labeled 
imager Strand that is complementary to and transiently binds 
to the docking strand of the at least one other BP-NA conju 
gate, and determining whether the at least one other BP-NA 
conjugate binds to at least one other target. 
0179. In some embodiments, the first determining step 
comprises imaging transient binding of the first fluores 
cently-labeled imager Strand to the docking strand of the first 
BP-NA conjugate to produce a first image, and the second 
determining step comprises imaging transient binding of the 
at least one other fluorescently-labeled imager strand to the 
docking strand of the at least one other BP-NA conjugate to 
produce a second image. In some embodiments, the methods 
further comprise assigning a pseudo-color to the fluorescent 
signal in the first image, and assigning at least one other 
pseudo-color to the fluorescent signal in the second image. 
Further still, in some embodiments, the methods comprise 
combining the first image and the second image to produce a 
composite image of the pseudo-colored signals, wherein the 
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pseudo-colored signals of the composite image are represen 
tative of the at least two targets (e.g., biomolecule targets). As 
illustrated in FIG. 4A, step 1, three distinct species of dock 
ing Strands (a,b,c) label the Surface of a grid (chosen for 
illustrative purposes). In step 2, multiple copies of the 
imager strand a are introduced, and points labeled with 
docking strands a are imaged. In step 3. copies of the imager 
stranda are flushed away, and imager strand b* is introduced 
to image the blabeled points. In step 4 c labeled points are 
imaged in the same manner. In step 5, images from steps 
2-4 are assigned artificial pseudo-colors (e.g., using a soft 
ware program) and combined to create the final composite 
image. All imager Strands may be labeled with the same 
fluorophore—that is, the imager Strands are spectrally indis 
tinct. In some embodiments, the docking strands are linked to 
binding partners (e.g., proteins such as antibodies, or nucleic 
acids such as DNA or nucleic acid aptamers). 
0180. An advantage of the methods of the present disclo 
Sure is that partitioning and sequential imaging can be used to 
obtain multiplexed Super-resolved images of up to hundreds 
of different species using only a single optimized fluorescent 
dye. Using these methods, the number of distinct nucleotide 
sequences (e.g., DNA sequences), as opposed to the number 
of spectrally distinct dyes, limits the multiplexing capability. 
In Some methods of the present disclosure, for example, those 
that use an imager Strand with a length of 9 nucleotides, there 
are several hundred species within tight bounds for binding 
kinetics that may be used for a single sample, representing a 
tremendous increase in multiplexing compared to direct “tra 
ditional imaging approaches. 
0181 FIG. 5A illustrates another embodiment of the 
present disclosure using spectrally indistinct imager strands. 
A single DNA nanostructure displays four distinct species of 
docking strands (optionally linked to protein binding partners 
or nucleic acid binding partners) designed to resemble the 
digits from 0 to 3, respectively. Imaging is performed sequen 
tially using a simple flow chamber setup, first flushing in 
fluorescently-labeled imager strands complementary to the 
docking strands of the number 0, and then exchanging the 
solution for fluorescently-labeled imager strands with a 
sequence complementary to docking strands of the number 1, 
and so forth. The resulting images have been pseudo-colored 
to represent the respective imaging cycles. As used herein, an 
“imaging cycle or "imaging round” refers to the process of 
introducing fluorescently-labeled imager Strands comple 
mentary to docking strands under conditions that allow the 
imager Strand to bind to the docking strand, even if Such 
binding is transient, and obtaining an image (or imaging an 
area). 
0182 Aspects of the present disclosure contemplate mul 
tiplex detection using multi-domain docking strands (e.g., 
docking strands with more than one domain), as described 
above. For illustrative purposes, the following embodiments 
are described in terms of a docking strand binding to a target, 
e.g., without an intermediate binding partner. It should be 
understood, however, that multi-domain docking Strands may 
be linked to a binding partner (e.g., of a BP-NA conjugate, as 
provided herein. 
0183 In some embodiments, methods comprise contact 
ing one or more target(s) with one or more docking strands, 
each containing two or more binding domains. In other 
embodiments, methods comprise contacting one or more tar 
get(s) with two or more docking Strands, each containing one 
binding domain. The docking strand domains may have 
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orthogonal sequences. In the examples that follow, all three 
targets (protein #1-#3) are present in the sample. 
0.184 Detection Based on Spectral Resolution. An exem 
plary multiplexed target detection method follows. A sample 
contains, or is suspected of containing, three target species— 
protein #1, protein #2, and protein #3. Three docking strands 
are designed such that: the first, containing imager binding 
domain A, binds to protein #1; the second, containing imager 
binding domain B, binds to protein #2; and the third, contain 
ing imager binding domains A and B, binds to protein #3. 
Complementary imager Strand A binds to imager binding 
domain A of a docking strand and is labeled with a blue 
fluorophore, and imager Strand B' binds to imager binding 
domain B of a docking strand and is labeled with a red 
fluorophore. The sample is first contacted with the docking 
Strands, and Subsequently contacted with the imager Strands 
A' and B'. The sample is then imaged. The sample containing 
the docking strands and the imager Strands is first imaged 
underconditions that detect the blue fluorophore. Imaging the 
blue fluorophore detects protein #1 and protein #3, each 
bound by an imager strand labeled with the blue fluorophore. 
Imaging the red fluorophore detects protein #2 and protein #3. 
each bound by an imager strand labeled with the red fluoro 
phore. Overlapping images of the red and blue fluorophores 
detects protein #3 only, the only protein bound by an imager 
Strand labeled with a red fluorophore and an imager Strand 
labeled with a blue fluorophore. Thus, the identification and 
location of proteins #1-#3 are identified by the overlay of 
images respectively detecting the red and blue fluorophores. 
0185. Detection Based on Exchange of Imager Strands. 
Another exemplary multiplexed target detection method fol 
lows: A sample contains, or is suspected of containing, three 
target species—protein #1, protein #2, and protein #3. Three 
docking Strands are designed such that: the first, containing 
imager binding domain A, binds to protein #1; the second, 
containing imager binding domain B, binds to protein #2; and 
the third, containing imager binding domains A and B, binds 
to protein #3. Complementary imager Strand A binds to 
imager binding domain A of a docking strand and is labeled 
with a blue fluorophore, and imager strand B' binds to imager 
binding domain B of a docking strand and is also labeled with 
a blue fluorophore. The sample is first contacted with the 
docking strands, and Subsequently contacted with imager 
Strands A". The sample is then imaged under conditions that 
detect the blue fluorophore. Imaging the blue fluorophore 
detects protein #1 and protein #3, each bound by imager 
strand A' labeled with the blue fluorophore. The sample is 
then washed to remove imager strands A. Next, the sample is 
contacted with imager Strands B". The sample is then imaged 
again under conditions that detect the blue fluorophore. Imag 
ing the blue fluorophore now detects protein #2 and protein 
#3, each bound by imager strand B' labeled with the blue 
fluorophore. Overlapping images of the blue fluorophores 
(e.g., resulting in a stronger signal relative to non-overlapping 
fluorophores) detects protein #3 only, the only protein bound 
by two imager strands labeled with a blue fluorophore. Thus, 
the identification and location of proteins #1-#3 are identified 
by the overlay of images detecting the blue fluorophores and 
is based on signal intensity. 
0186. Detection Based on a Combination of Spectral and 
Exchange Detection. Yet another exemplary multiplexed tar 
get detection method follows: A sample contains, or is Sus 
pected of containing, fifteen target species. The docking 
Strands are designed Such that each target species binds to a 
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docking Strand, each docking strand containing a single dis 
tinct domain or a distinct combination of domains A-D (e.g., 
A, or A and B (i.e., A/B), or A/C, or A/D, or A/B/C, or A/B/D. 
or A/C/D, or A/B/C/D, or B, or B/C, or B/D, or B/C/D, or C, 
or C/D, or D). The imager strands are divided into two sets: 
the first set (set #1) contains imager strand A labeled by a red 
fluorophore and imager strand B' labeled by a blue fluoro 
phore; the second set contains imager strand Clabeled with a 
red fluorophore and imager strand D' labeled with a blue 
fluorophore. The sample is first contacted with the docking 
Strands, and Subsequently contacted with imager Strand set 
#1. The sample is then imaged under conditions that detect 
blue and red fluorophores. Targets bound by imager strands A 
will be detected red and targets bound by imager strands B' 
will be detected blue. Thus, all target species with docking 
domains A and B will be detected in a first image or first set of 
images. The sample is then washed to remove imager Strand 
set #1. Next, the sample is contacted with imager strand set 
#2. The sample is then imaged again under conditions that 
detect blue and red fluorophores. Targets bound by imager 
strands C" will be detected red and targets bound by imager 
strands D' will be detected blue. Thus, all target species with 
docking domains C and D will be detected in a second image 
or second set of images. By combining all images collected, 
each of the 15 target species can be identified using only four 
imager Strands and two fluorophores. It should be understood 
that more than four imager Strands can be used as well as more 
than two fluorophores, depending on, for example, the num 
ber of targets. 
0187 Detection Based on Duration of Transient Binding. 
In some embodiments, the disclosure contemplates contact 
ing target species with different docking strands domain 
sequence and different lengths of those sequences. The length 
of a docking Strand imager binding domain affects the dura 
tion of transient binding to an imager Strand. Docking strands 
with longer binding domains bind to respectively comple 
mentary imager strands for longer durations relative to 
shorter binding domains. In the following exemplary embodi 
ment, a sample contains, or is suspected of containing, four 
target species. Four docking strands are designed such that: 
the first, containing binding domain A of 10 nucleotides in 
length (A10), binds to protein #1; the second, containing 
imager binding domain A10 and imager binding domain B of 
8 nucleotides in length (B8), binds to protein #2; the third, 
containing imager binding domain A of 8 nucleotides in 
length (A8) and imager binding domain B of 10 nucleotides in 
length (B10), binds to protein #3; and four, containing imager 
strand binding domain B10. Imager strand A' is 10 nucle 
otides in length, binds to both A8 and A10, and is labeled with 
a blue fluorophore. Imager strand B' is 10 nucleotides in 
length, binds to both B8 and B10, and is labeled with a red 
fluorophore. The sample is first contacted with the docking 
Strands, and Subsequently contacted with imager Strands A 
and B'. The sample is then imaged under conditions that 
detect the blue fluorophore. Imaging the blue fluorophore 
detects protein #3 and protein #4 with a longer bound time 
(i.e., time of binding between imager Strand and docking 
Strand) and protein #2 with a shorter bound time. Imaging the 
red fluorophore detects protein #1 and protein #2 with a 
longer bound time and protein #3 with a shorter bound time. 
Overlapping images of the blue and red fluorophores detects 
each of the four protein targets. 
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0188 The present disclosure also contemplates combin 
ing multiplexed detection based on spectral resolution and 
duration, exchange and duration, and spectral resolution, 
exchange and duration. 
0189 A“sample' may comprise cells (or a cell), tissue, or 
bodily fluid Such as blood (serum and/or plasma), urine, 
semen, lymphatic fluid, cerebrospinal fluid or amniotic fluid. 
A sample may be obtained from (or derived from) any source 
including, without limitation, humans, animals, bacteria, 
viruses, microbes and plants. In some embodiments, a sample 
is a cell lysate or a tissue lysate. A sample may also contain 
mixtures of material from one source or different sources. A 
sample may be a spatial area or Volume (e.g., a grid on an 
array, or a well in a plate or dish). A sample, in some embodi 
ments, includes target(s), BP-NA conjugate(s) and imager 
Strand(s). 
0190. A “target' is any moiety that one wishes to observe 
or quantitate and for which a binding partner exists. A target, 
in Some embodiments, may be non-naturally occurring. The 
target, in Some embodiments, may be a biomolecule. As used 
herein, a “biomolecule' is any molecule that is produced by a 
living organism, including large macromolecules such as pro 
teins, polysaccharides, lipids and nucleic acids (e.g., DNA 
and RNA such as mRNA), as well as small molecules such as 
primary metabolites, secondary metabolites, and natural 
products. Examples of biomolecules include, without limita 
tion, DNA, RNA, cDNA, or the DNA product of RNA sub 
jected to reverse transcription, A23 187 (Calcimycin, Calcium 
Ionophore), Abamectine, Abietic acid, Acetic acid, Acetyl 
choline, Actin, Actinomycin D, Adenosine, Adenosine 
diphosphate (ADP), Adenosine monophosphate (AMP), 
Adenosine triphosphate (ATP), Adenylate cyclase, Adonitol, 
Adrenaline, epinephrine, Adrenocorticotropic hormone 
(ACTH), Aequorin, Aflatoxin, Agar, Alamethicin, Alanine, 
Albumins, Aldosterone, Aleurone, Alpha-amanitin, Allan 
toin, Allethrin, C.-Amanatin, Amino acid, Amylase, Anabolic 
steroid, Anethole, Angiotensinogen, Anisomycin, Antidi 
uretic hormone (ADH), Arabinose, Arginine, Ascomycin, 
Ascorbic acid (vitamin C), Asparagine, Aspartic acid, Asym 
metric dimethylarginine, Atrial-natriuretic peptide (ANP), 
Auxin, Avidin, Azadirachtin A C35H44O16, Bacteriocin, 
Beauvericin, Bicuculline, Bilirubin, Biopolymer, Biotin (Vi 
tamin H), Brefeldin A, Brassinolide, Brucine, Cadaverine, 
Caffeine, Calciferol (Vitamin D), Calcitonin, Calmodulin, 
Calmodulin, Calreticulin, Camphor (C10H160), Cannab 
inol, Capsaicin, Carbohydrase, Carbohydrate, Carnitine, Car 
rageenan, Casein, Caspase, Cellulase, Cellulose— 
(C6H10O5), Cerulenin, Cetrimonium bromide 
(Cetrimide)—C 19H42BrN, Chelerythrine, Chromomycin 
A3, Chaparonin, Chitin, C.-Chloralose, Chlorophyll, Chole 
cystokinin (CCK), Cholesterol, Choline, Chondroitin sulfate, 
Cinnamaldehyde, Citral, Citric acid, Citrinin, Citronellal, 
Citronellol, Citrulline, Cobalamin (vitamin B12), Coenzyme, 
Coenzyme Q, Colchicine, Collagen, Coniine, Corticosteroid, 
Corticosterone, Corticotropin-releasing hormone (CRH), 
Cortisol, Creatine, Creatine kinase, Crystallin, C.-Cyclodex 
trin, Cyclodextringlycosyltransferase, Cyclopamine, Cyclo 
piazonic acid, Cysteine, Cystine, Cytidine, Cytochalasin, 
Cytochalasin E, Cytochrome, Cytochrome C, Cytochrome c 
oxidase, Cytochrome c peroxidase, Cytokine, Cytosine— 
C4H5N3O, Deoxycholic acid, DON (DeoxyNivalenol), 
Deoxyribofuranose, Deoxyribose, Deoxyribose nucleic acid 
(DNA), Dextran, Dextrin, DNA, Dopamine, Enzyme, Ephe 
drine, Epinephrine C9H13NO3, Erucic acid CH3(CH2) 
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7CH=CH(CH2)11COOH, Erythritol, Erythropoietin 
(EPO), Estradiol, Eugenol, Fatty acid, Fibrin, Fibronectin, 
Folic acid (Vitamin M), Follicle stimulating hormone (FSH), 
Formaldehyde, Formic acid, Formnoci, Fructose, Fumonisin 
B1, Gamma globulin, Galactose, Gamma globulin, Gamma 
aminobutyric acid, Gamma-butyrolactone, Gamma-hy 
droxybutyrate (GHB), Gastrin, Gelatin, Geraniol, Globulin, 
Glucagon, Glucosamine, Glucose C6H12O6, Glucose oxi 
dase, Gluten, Glutamic acid, Glutamine, Glutathione, Gluten, 
Glycerin (glycerol), Glycine, Glycogen, Glycolic acid, Gly 
coprotein, Gonadotropin-releasing hormone (GnRH), 
Granzyme, Green fluorescent protein, Growth hormone, 
Growth hormone-releasing hormone (GHRH), GTPase, Gua 
nine, Guanosine, Guanosine triphosphate (+GTP), Haptoglo 
bin, Hematoxylin, Heme, Hemerythrin, Hemocyanin, Hemo 
globin, Hemoprotein, Heparan Sulfate, High density 
lipoprotein, HDL. Histamine. Histidine. Histone. Histone 
methyltransferase, HLA antigen, Homocysteine, Hormone, 
human chorionic gonadotropin (hCG), Human growth hor 
mone, Hyaluronate, Hyaluronidase, Hydrogen peroxide, 
5-Hydroxymethylcytosine, Hydroxyproline, 5-Hydrox 
ytryptamine, Indigo dye, Indole, Inosine, Inositol, Insulin, 
Insulin-like growth factor, Integral membrane protein, Inte 
grase, Integrin, Intein, Interferon, Inulin, Ionomycin, Ionone, 
Isoleucine, Iron-sulfur cluster, K252a, K252b, KT5720, 
KT5823, Keratin, Kinase, Lactase, Lactic acid, Lactose, 
Lanolin, Lauric acid, Leptin, Leptomycin B. Leucine, Lignin, 
Limonene, Linalool, Linoleic acid, Linolenic acid, Lipase, 
Lipid, Lipid anchored protein, Lipoamide, Lipoprotein, Low 
density lipoprotein, LDL, Luteinizing hormone (LH), Lyco 
pene, Lysine, Lysozyme, Malic acid, Maltose, Melatonin, 
Membrane protein, Metalloprotein, Metallothionein, 
Methionine, Mimosine, Mithramycin A, Mitomycin C, 
Monomer, Mycophenolic acid, Myoglobin, Myosin, Natural 
phenols, Nucleic Acid, Ochratoxin A, Oestrogens, Oligopep 
tide, Oligomycin, Orcin, Orexin, Ornithine, Oxalic acid, Oxi 
dase, Oxytocin, p53, PABA, Paclitaxel, Palmitic acid, Pan 
tothenic acid (vitamin B5), parathyroid hormone (PTH), 
Paraprotein, Pardaxin, Parthenolide, Patulin, Paxilline, Peni 
cillic acid, Penicillin, Penitrem A, Peptidase, Pepsin, Peptide, 
Perimycin, Peripheral membrane protein, Perosamine, Phen 
ethylamine, Phenylalanine, Phosphagen, phosphatase, Phos 
pholipid, Phenylalanine, Phytic acid, Plant hormones, 
Polypeptide, Polyphenols, Polysaccharides, Porphyrin, 
Prion, Progesterone, Prolactin (PRL), Proline, Propionic 
acid, Protamine, Protease, Protein, Proteinoid, Putrescine, 
Pyrethrin, Pyridoxine or pyridoxamine (Vitamin B6), Pyrrol 
ysine, Pyruvic acid, Quinone, Radicicol, Raffinose, Renin, 
Retinene, Retinol (Vitamin A), Rhodopsin (visual purple), 
Riboflavin (vitamin B2), Ribofuranose, Ribose, Ribozyme, 
Ricin, RNA Ribonucleic acid, RuBisCO, Safrole, Salicyla 
ldehyde, Salicylic acid, Salvinorin-A C23H2808, Saponin, 
Secretin, Selenocysteine, Selenomethionine, Selenoprotein, 
Serine, Serine kinase, Serotonin, Skatole, Signal recognition 
particle, Somatostatin, Sorbic acid, Squalene, Staurosporin, 
Stearic acid, Sterigmatocystin, Sterol, Strychnine. Sucrose 
(Sugar), Sugars (in general), Superoxide, T2 Toxin, Tannic 
acid, Tannin, Tartaric acid, Taurine, Tetrodotoxin, Thaumatin, 
Topoisomerase, Tyrosine kinase, Taurine, Testosterone, Tet 
rahydrocannabinol (THC), Tetrodotoxin, Thapsigargin, 
Thaumatin. Thiamine (vitamin B1) C12H17CIN4OS.HCl, 
Threonine, Thrombopoietin, Thymidine, Thymine, Triacsin 
C, Thyroid-stimulating hormone (TSH), Thyrotropin-releas 
ing hormone (TRH), Thyroxine (T4), Tocopherol (Vitamin 
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E), Topoisomerase, Triiodothyronine (T3), Transmembrane 
receptor, Trichostatin A, Trophic hormone, Trypsin, Tryp 
tophan, Tubulin, Tunicamycin, Tyrosine, Ubiquitin, Uracil, 
Urea, Urease, Uric acid C5H4N4O3, Uridine, Valine, Vali 
nomycin, Vanabins, Vasopressin, Verruculogen, Vitamins (in 
general), Vitamin A (retinol), Vitamin B, Vitamin B1 (thia 
mine), Vitamin B2 (riboflavin), Vitamin B3 (niacin or nico 
tinic acid), Vitamin B4 (adenine), Vitamin B5 (pantothenic 
acid), Vitamin B6 (pyridoxine or pyridoxamine), Vitamin 
B12 (cobalamin), Vitamin C (ascorbic acid), Vitamin D (cal 
ciferol), Vitamin E (tocopherol), Vitamin F. Vitamin H (bi 
otin), Vitamin K (naphthoquinone), Vitamin M (folic acid), 
Wortmannin and Xylose. 
0191 In some embodiments, a target may be a protein 
target Such as, for example, proteins of a cellular environment 
(e.g., intracellular or membrane proteins). Examples of pro 
teins include, without limitation, fibrous proteins such as 
cytoskeletal proteins (e.g., actin, arp2/3, coronin, dystrophin, 
FtsZ. keratin, myosin, nebulin, spectrin, tau, titlin, tropomyo 
sin, tubulin and collagen) and extracellular matrix proteins 
(e.g., collagen, elastin, f-spondin, pikachurin, and fibronec 
tin); globular proteins such as plasma proteins (e.g., serum 
amyloid P component and serum albumin), coagulation fac 
tors (e.g., complement proteins.C1-inhibitor and C3-conver 
tase, Factor VIII, Factor XIII, fibrin, Protein C, Protein S, 
Protein Z. Protein Z-related protease inhibitor, thrombin, Von 
Willebrand Factor) and acute phase proteins such as C-reac 
tive protein; hemoproteins; cell adhesion proteins (e.g., cad 
herin, ependymin, integrin, Ncam and selectin); transmem 
brane transport proteins (e.g., CFTR, glycophorin D and 
scramblase) Such as ion channels (e.g., ligand-gated ion chan 
nels such nicotinic acetylcholine receptors and GABAa 
receptors, and Voltage-gated ion channels such as potassium, 
calcium and Sodium channels), Synport/antiport proteins 
(e.g., glucose transporter); hormones and growth factors 
(e.g., epidermal growth factor (EGF), fibroblast growth factor 
(FGF), vascular endothelial growth factor (VEGF), peptide 
hormones such as insulin, insulin-like growth factor and oxy 
tocin, and steroid hormones such as androgens, estrogens and 
progesterones); receptors such as transmembrane receptors 
(e.g., G-protein-coupled receptor, rhodopsin) and intracellu 
lar receptors (e.g., estrogen receptor); DNA-binding proteins 
(e.g., histones, protamines, CI protein); transcription regula 
tors (e.g., c-myc, FOXP2, FOXP3, MyoD and P53); immune 
system proteins (e.g., immunoglobulins, major histocompat 
ibility antigens and T cell receptors); nutrient storage/trans 
port proteins (e.g., ferritin); chaperone proteins; and 
enzymes. 

0.192 In some embodiments, a target may be a nucleic acid 
target Such as, for example, nucleic acids of a cellular envi 
ronment. As used herein with respect to targets, docking 
Strands, and imager strands, a “nucleic acid refers to a poly 
meric form of nucleotides of any length, Such as deoxyribo 
nucleotides or ribonucleotides, or analogs thereof. For 
example, a nucleic acid may be a DNA, RNA or the DNA 
product of RNA subjected to reverse transcription. Non-lim 
iting examples of nucleic acids include coding or non-coding 
regions of a gene or gene fragment, loci (locus) defined from 
linkage analysis, exons, introns, messenger RNA (mRNA), 
transfer RNA, ribosomal RNA, ribozymes, cDNA, recombi 
nant nucleic acids, branched nucleic acids, plasmids, vectors, 
isolated DNA of any sequence, isolated RNA of any 
sequence, nucleic acid probes, and primers. Other examples 
of nucleic acids include, without limitation, cDNA, aptamers, 
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peptide nucleic acids (“PNA). 2'-5' DNA (a synthetic mate 
rial with a shortened backbone that has a base-spacing that 
matches the A conformation of DNA 2'-5' DNA will not 
normally hybridize with DNA in the B form, but it will 
hybridize readily with RNA), locked nucleic acids (“LNA), 
and nucleic acids with modified backbones (e.g., base- or 
Sugar-modified forms of naturally-occurring nucleic acids). 
A nucleic acid may comprise modified nucleotides. Such as 
methylated nucleotides and nucleotide analogs (“analogous' 
forms of purines and pyrimidines are well known in the art). 
If present, modifications to the nucleotide structure may be 
imparted before or after assembly of the polymer. A nucleic 
acid may be a single-stranded, double-stranded, partially 
single-stranded, or partially double-stranded DNA or RNA. 
0193 In some embodiments, a nucleic acid (e.g., a nucleic 
acid target) is naturally-occurring. As used herein, a “natu 
rally occurring refers to a nucleic acid that is present in 
organisms or viruses that exist in nature in the absence of 
human intervention. In some embodiments, a nucleic acid 
naturally occurs in an organism or virus. In some embodi 
ments, a nucleic acid is genomic DNA, messenger RNA, 
ribosomal RNA, micro-RNA, pre-micro-RNA, pro-micro 
RNA, viral DNA, viral RNA or piwi-RNA. In some embodi 
ments, a nucleic acid target is not a synthetic DNA nanostruc 
ture (e.g., two-dimensional (2-D) or three-dimensional (3-D) 
DNA nanostructure that comprises two or more nucleic acids 
hybridized to each other by Watson-Crick interactions to 
form the 2-D or 3-D nanostructure). 
0194 The nucleic acid docking strands and imager strands 
described herein can be any one of the nucleic acids described 
above (e.g., DNA, RNA, modified nucleic acids, nucleic acid 
analogues, naturally-occurring nucleic acids, synthetic 
nucleic acids). 

Quantitative Imaging 

0.195 The present disclosure also provides methods for 
quantitating fluorescent moieties or emitters in a dense cluster 
that cannot be spatially resolved using prior art imaging tech 
niques. Prior to the invention, no systematic model existed 
that describes the kinetics of photoswitching of fluorescent 
signals. 
0196. Stochastic Super-resolution imaging using transient 
binding of short oligonucleotides (e.g., imager Strands) to 
their targets offers a unique possibility to quantitatively count 
integer numbers of labeled molecules in a diffraction-limited 
area. “Switching molecules from a fluorescent OFF- to an 
ON-state in the method of the present disclosure is facilitated 
by single-molecule nucleic acid (e.g., DNA) hybridization 
events, which are governed by a very predictable kinetic 
model with a second order association rate kanda first order 
dissociation rate k. 

kon 
Sinager -- Sdocking Her Simager:Saocking 

koff 
Simager:Sdocking -e- Simager -- Sdocking 

The kinetic parameters k, and k are now directly linked to 
fluorescent ON- and OFF-times (t, and t, respectively) 
depicted in FIG. 7A. The fluorescence ON-time t, is deter 
mined by the dissociation rate kit, 1/k, and the fluores 
cence OFF-time t is determined by the association rate k. 
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the concentration of imager Strands in solution c and the 
number of observed binding sites bs: 

imager 

1 
t = -- kon Cimager bs 

After calibrating k, c, using a sample with a known 
number of binding sites bs (which can be easily done using, 
e.g., a DNA nanostructure), the number of binding sites for an 
unknown molecule or area can be obtained according to the 
equation: 

1 

kon Cimager 'd 

0.197 Accordingly, the quantification of a fluorescence 
image may be done automatically using binding kinetics 
analysis Software. In brief, a typical image is recorded in a 
time-lapsed fashion (e.g., 15000 frames with a frame rate of 
10 HZ). Fluorescence spot detection and fitting (e.g., Gauss 
ian fitting, Centroid fitting, or Bessel fitting) is performed on 
the diffraction-limited image, and thus a Super-resolved 
image is obtained. In the next step, a calibration marker is 
selected (e.g., a DNA origamistructure with a defined number 
of spots as in FIG.7C). The software automatically calculates 
the fluorescence dark time T by fitting the OFF-time distri 
bution to a cumulative distribution function. Using the equa 
tions described above, the product of k, c, can be cal 
culated. This product is used to calculate the number of 
docking sites, and thus targets in the imaged area. 
0.198. In some embodiments, the selection of areas of 
interest in the resolved (e.g., Super-resolved) imaged can be 
performed automatically by applying a second spot detection 
step, e.g., to calculate the number of targets in a cluster. 
(0199 Thus, in some embodiments, the methods of the 
present disclosure comprise providing a sample that com 
prises targets transiently bound directly or indirectly to fluo 
rescently-labeled imager Strands, obtaining a time-lapsed dif 
fraction-limited fluorescence image of the sample, 
performing fluorescence spot detection and fitting (e.g., 
Gaussian fitting, Centroid fitting, or Bessel fitting) on the 
diffraction-limited image to obtain a high-resolution image of 
the sample, calibrating kic, using a sample with a 
known number of targets, whereink, is a second order asso 
ciation constant, and c, is the concentration of fluores 
cently-labeled imager strands in the sample, including 
unbound imager Strands, determining variablet by fitting the 
fluorescence OFF-time distribution to a cumulative distribu 
tion function, and determining the number of targets in the 
sample based on the equation, number of targets= 
(kon'eimagerta) 
0200 Some aspects of the present disclosure relate to fit 
ting functions. A “fitting function, as used herein, refers to a 
mathematical function used to fit the intensity profile of mol 
ecules. Examples of fitting functions for use as provided 
herein include, without limitation, Gaussian fitting, Centroid 
fitting, and Bessel fitting. It should be understood that while 
many aspects and embodiments of the present disclosure 
refer to Gaussian fitting, other fitting functions may be used 
instead of, or in addition to, Gaussian fitting. 
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Compositions 

0201 Provided herein are compositions that comprise at 
least one or at least two (e.g., a plurality) BP-NA conjugate(s) 
(e.g., protein-nucleic acid conjugate(s)) of the present disclo 
sure. The BP-NA conjugates may be bound to a target of 
interest (e.g., biomolecule) and/or transiently bound to a 
complementary fluorescently-labeled imager Strand. A com 
position may comprise a plurality of the same species or 
distinct species of BP-NA conjugates. In some embodiments, 
a composition may comprise at least 10, 50, 100, 500, 1000, 
2000, 3000, 4000, 5000, 10, 50000, 10, 10, 10°, 107, 10, 
10, 10", 10' BP-NA conjugates. In some embodiments, a 
composition may comprise at least 10, 50, 100, 500, 1000, 
2000, 3000, 4000, 5000, 10, 50000, 10, 10, 10, 107, 10, 
10, 10", 10' complementary fluorescently-labeled imager 
Strands. In some embodiments, a composition may contain 1 
to about 200 or more distinct species of BP-NA conjugates 
and/or imager strands. For example, a composition may con 
tain at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 
45, 50,55, 60, 65,70, 75, 80, 85,90, 95, 100,125, 150, 175, 
200 or more distinct species. In some embodiments, a com 
position may contain less than about 5 to about 200 distinct 
species of BP-NA conjugates and/or imager Strands. For 
example, a composition may contain less than 5, 6, 7, 8, 9, 10. 
15, 20, 25, 30,35, 40, 45,50,55, 60, 65,70, 75,80, 85,90, 95, 
100, 125, 150, 175 or 200 distinct species. 
0202. It should be understood that the number of comple 
mentary fluorescently-labeled imager Strands imager stands 
in a composition may be less than, equal to or greater than the 
number of BP-NA conjugates in the composition. 

Kits 

0203 The present disclosure further provides kits com 
prising one or more components as provided herein. The kits 
may comprise, for example, a BP-NA conjugate and/or a 
fluorescently-labeled imager strands. The kits may also com 
prise components for producing a BP-NA conjugate or for 
labeling an imager strand. For example, the kits may com 
prise a binding partner (e.g., antibody), docking strands and 
intermediate linkers such as, for example, biotin and strepta 
vidin molecules, and/or imager strands. The kits can be used 
for any purpose apparent to those of skill in the art, including, 
those described above. 
0204 The kits may include other reagents as well, for 
example, buffers for performing hybridization reactions. The 
kit may also include instructions for using the components of 
the kit, and/or for making and/or using the BP-NA conjugates 
and/or labeled imager strands. 
0205. In some embodiments, a kit comprises at least one 
docking Strand and at least one labeled imager Strand that is 
capable of transiently binding to a docking strand. The dock 
ing strands may or may not be conjugated to a binding partner. 
In some embodiments, the docking strands are conjugated to 
'generic' non-target-specific affinity molecule (e.g., biotin or 
streptavidin), which may be used to link a docking strand to 
binding partner chosen by an end user. In some embodiments, 
the affinity molecule is a secondary antibody. Thus, in some 
embodiments, a kit comprises at least one docking strand, at 
least one affinity molecule Such as a secondary antibody, and 
at least one imager Strand. 
0206. In some embodiments, a kit comprises (a) at least 
one docking strand linked to a binding partner Such as a 
protein (e.g., a protein that binds to a target) and (b) at least 
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one (e.g., at least 2, at least 3, at least 4, at least 5, at least 10, 
at least 100) labeled imager strand that is capable of tran 
siently binding (e.g., transiently binds) to a docking Strand. A 
docking strand may comprise, for example, at least two 
domains or at least three domain, wherein each domain binds 
to a respective complementary labeled imager strand. The 
number of labeled imager Strands may be, for example, less 
than, greater than or equal to the number of docking strands. 
The binding partner may be a protein Such as, for example, an 
antibody (e.g., monoclonal antibody), an antigen-binding 
antibody fragment, or a peptide aptamer. In some embodi 
ments, a kit comprises at least two different binding partners 
(e.g., proteins), each specific for a different target. A binding 
partner (e.g., protein), in Some embodiments, is linked to a 
docking strand through an intermediate linker Such as, for 
example, a linker that includes biotin and Streptavidin (e.g., a 
biotin-streptavidin-biotin linker). In some embodiments, a 
docking strand is modified to contain an affinity molecule that 
can be used to link the docking strand to a binding partner. In 
Some embodiments, the affinity molecule is a secondary anti 
body. An imager strand, in Some embodiments, is labeled 
with at least one fluorescent label (e.g., at least one fluoro 
phore). In some embodiments, the length of an imager strand 
is 4 to 30 nucleotides, or longer. For example, the length of an 
imager strand may be 4, 5, 6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 
nucleotides. In some embodiments, the length of an imager 
strand is 8 to 10 nucleotides. In some embodiments, a kit 
comprises at least two imager Strands, each different from one 
another. In some embodiments, the thermal stability of a 
docking Strand transiently bound to its complementary 
labeled imager strand is within 0.5 kcal/mol of the thermal 
stability of other docking strands transiently bound to their 
respective labeled imager strands. 
0207. In some embodiments, a kit comprises (a) at least 
one docking strand linked to a monoclonal antibody or an 
antigen binding fragment thereof (e.g., a monoclonal anti 
body or an antigen binding fragment thereof that binds to a 
target) and (b) at least one (e.g., at least 2, at least 3, at least 4, 
at least 5, at least 10, at least 100) labeled imager strand that 
is capable of transiently binding (e.g., transiently binds) to a 
docking strand. A docking strand may comprise, for example, 
at least two domains, wherein each domain binds to a respec 
tively complementary labeled imager strand. The number of 
labeled imager Strands may be, for example, less than, greater 
than or equal to the number of docking Strands. In some 
embodiments, a kit comprises at least two different mono 
clonal antibodies or antigen binding fragments thereof, each 
specific for a different target. A monoclonal antibody or an 
antigen binding fragment thereof, in Some embodiments, is 
linked to a docking strand through an intermediate linker that 
includes biotin and Streptavidin (e.g., a biotin-streptavidin 
biotin linker). An imager Strand, in Some embodiments, is 
labeled with at least one fluorescent label (e.g., at least one 
fluorophore). In some embodiments, the length of an imager 
strand is 4 to 30 nucleotides, or longer. For example, the 
length of an imager strand may be 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 
or 30 nucleotides. In some embodiments, the length of an 
imager Strand is 8 to 10 nucleotides. In some embodiments, a 
kit comprises at least two imager Strands, each different from 
one another. In some embodiments, the thermal stability of a 
docking strand transiently bound to a complementary labeled 
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imager strand is within 0.5 kcal/mol of the thermal stability of 
other docking strands transiently bound to their respective 
labeled imager Strands. 

Applications 

0208. The BP-NA conjugates (e.g., protein-nucleic acid 
conjugates or antibody-nucleic acid conjugates) of the 
present disclosure can be used, inter alia, in any assay in 
which existing target detection technologies are used. 
0209 Typically assays include detection assays including 
diagnostic assays, prognostic assays, patient monitoring 
assays, screening assays, biowarfare assays, forensic analysis 
assays, prenatal genomic diagnostic assays and the like. The 
assay may be an in vitro assay or an in Vivo assay. The present 
disclosure provides the advantage that many different targets 
can be analyzed at one time from a single sample using the 
methods of the present disclosure, even where such targets are 
spatially not resolvable (and thus spatially indistinct) using 
prior art imaging methods. This allows, for example, for 
several diagnostic tests to be performed on one sample. 
0210. The BP-NA conjugates can also be used to simply 
observe an area or region. 
0211. The methods of the present disclosure may be 
applied to the analysis of samples obtained or derived from a 
patient so as to determine whether a diseased cell type is 
present in the sample and/or to stage the disease. For example, 
a blood sample can be assayed according to any of the meth 
ods described herein to determine the presence and/or quan 
tity of markers of a cancerous cell type in the sample, thereby 
diagnosing or staging the cancer. 
0212. Alternatively, the methods described herein can be 
used to diagnose pathogen infections, for example infections 
by intracellular bacteria and viruses, by determining the pres 
ence and/or quantity of markers of bacterium or virus, respec 
tively, in the sample. Thus, the targets detected using the 
methods, compositions and kits of the present disclosure may 
be either patient markers (such as a cancer marker) or markers 
of infection with a foreign agent, such as bacterial or viral 
markers. 
0213. The quantitative imaging methods of the present 
disclosure may be used, for example, to quantify targets (e.g., 
target biomolecules) whose abundance is indicative of a bio 
logical state or disease condition (e.g., blood markers that are 
upregulated or downregulated as a result of a disease state). 
0214. Further, the methods, compositions and kits of the 
present disclosure may be used to provide prognostic infor 
mation that assists in determining a course of treatment for a 
patient. For example, the amount of a particular marker for a 
tumor can be accurately quantified from even a small sample 
from a patient. For certain diseases like breast cancer, over 
expression of certain proteins, such as Her2-neu, indicate a 
more aggressive course of treatment will be needed. 
0215. The methods of the present disclosure may also be 
used for determining the effect of a perturbation, including 
chemical compounds, mutations, temperature changes, 
growth hormones, growth factors, disease, or a change in 
culture conditions, on various targes, thereby identifying tar 
gets whose presence, absence or levels are indicative of a 
particular biological states. In some embodiments, the 
present disclosure is used to elucidate and discover compo 
nents and pathways of disease states. For example, the com 
parison of quantities of targets present in a disease tissue with 
“normal tissue allows the elucidation of important targets 
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involved in the disease, thereby identifying targets for the 
discovery/screening of new drug candidates that can be used 
to treat disease. 
0216. The sample being analyzed may be a biological 
sample, such as blood, sputum, lymph, mucous, stool, urine 
and the like. The sample may be an environmental sample 
Such as a water sample, an air sample, a food sample and the 
like. The assay may be carried out with one or more compo 
nents of the binding reaction immobilized. Thus, the targets 
or the BP-NA conjugates may be immobilized. The assay 
may be carried out with one or more components of the 
binding reaction non-immobilized. The assays may involve 
detection of a number of targets in a sample, essentially at the 
same time, in view of the multiplexing potential offered by 
the BP-NA conjugates and fluorescently-labeled imager 
Strands of the present disclosure. As an example, an assay 
may be used to detect a particular cell type (e.g., based on a 
specific cell Surface receptor) and a particular genetic muta 
tion in that particular cell type. In this way, an end user may be 
able to determine how many cells of aparticular type carry the 
mutation of interest, as an example. 

Devices 

0217. Also provided herein are fluidic chamber devices for 
liquid handling, as shown in FIGS. 23A and 23B. In some 
embodiments, the device is a polymer-based (e.g., polydim 
ethylsiloxane (PDMS)) device comprising first and second 
channels, each connected at one end to a sample chamber. 
This configuration permits one or more fluid(s) to be sequen 
tially administered to the sample at a controlled rate. For 
example, a Syringe may be used to administer a first fluid to 
the sample through a first channel of the device. The Syringe 
may then be used to administer a second fluid, which passes 
through the first channel of the device into the sample cham 
ber, thereby forcing the first fluid out of the sample chamber, 
passing through a second channel and into, for example, a 
reservoir connected to the second channel (FIG. 23A). In 
Some embodiments, the device is positioned on a glass slide to 
permit viewing from a microscope objective positioned 
below the device. 

Super Resolution Imaging 

0218 Super-resolution imaging with increased spatial 
resolution (referred to herein as “ultra-resolution imaging) 
may be achieved, in some embodiments, by increasing the 
number of photons per localization event using one of two 
strategies, depicted in FIG. 11A. In the first strategy, the 
maximum number of photons from single, replenishable 
fluorophores is extracted. High laser excitation power, in 
combination with fluorophore stabilization buffers (16,17) 
may be used to "bleach transiently bound fluorophores at 
docking sites (or sites of docking strands), thus extracting the 
maximal number of photons per binding event and dye (FIG. 
11A). The repetitive binding of imager strands permits “pho 
tobleaching of every bound strand, thus making maximal 
use of emitted photons and resulting in a significant increase 
in localization accuracy over traditional imaging techniques. 
In the second strategy, bright metafluorophores are used. A 
fluorescent DNA nanostructure, or “metafluorophore may 
be constructed by decorating a compact DNA nanostructure 
with many fluorophores (FIG. 11B3). The sum of the indi 
vidual dye emissions from a metafluorophore are interpreted 
as originating from the same point source, and thus, using the 
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metafluorophore in place of a standard fluorophore (e.g., 
Cy3) further improves the localization precision. A more 
advanced version of the metafluorophore with active back 
ground suppression is depicted in FIG. 11B4. Here, the clam 
shell-like structure acts as a conditional fluorophore that only 
fluoresces when it is bound to the docking strand. 
0219. The present disclosure also provides algorithms 
used for spot detection, fitting and drift correction, as 
described below. 

Software Algorithm for Drift Correction 
0220 Some embodiments are directed to methods and 
apparatus for correcting drift in images recorded in a time 
sequence. A non-limiting application of the techniques for 
performing drift correction, discussed in further detail below, 
is to correct for drift in molecular scale DNA-based imaging 
described herein involving transiently binding between dock 
ing strands and imaging strands. However, it should be appre 
ciated that the techniques described herein may alternatively 
be used to correct for drift in other imaging applications 
where one or more transient imaging events are recorded 
during a time sequence of images, and embodiments related 
to drift correction are not limited to molecular scale DNA 
based imaging. 
0221. In some embodiments, a DNA nanostructure can be 
used as a drift marker. Any suitable DNA nanostructure (see, 
e.g., (Rothemund US-2007/0117109 A1), single-stranded 
tiles (Yin et al., “Programming DNATube Circumferences.” 
Science (2008): 321: 824-826), DNA hairpins (Yin et al. 
US-2009/001 1956A1:Yin et al., “Programming biomolecu 
lar self-assembly pathways.” Nature (2008) 451:318-323) 
may be used, and may be made using, e.g., DNA origami 
techniques. Drift correction using DNA nanostructure-based 
drift markers in combination with advanced analysis and 
post-processing techniques has the advantage of high preci 
sion correction, compatibility with long time imaging and 
simplicity of implementation. Conventional nucleic acid 
based imaging techniques incorporating drift markers based 
on fluorescent beads Suffer from the limited length of imaging 
time before the beads are bleached; whereas bright field 
imaging requires specialized equipment, e.g. dual-field cam 
era view. 
0222 Drift correction techniques inaccordance with some 
embodiments described herein may include a plurality of 
stages, where each of the stages uses a different technique to 
perform drift correction. In some embodiments, the output 
from one stage is provided as input to a Subsequent stage for 
additional drift correction processing. In a first stage, a coarse 
drift correction is performed by comparing localizations from 
neighboring frames. In a second stage, a single drift marker is 
selected and its time trace is used as a different coarse cor 
rection. In a third stage, a group of drift markers is selected, 
either automatically or with user input, and their time traces 
are then combined to compute a more precise drift correction. 
In a fourth stage, localizations are pooled from template 
based drift markers displaying spots in a defined and spatially 
resolvable geometry (e.g., 4x3 grid points). In a fifth stage, a 
smoothing of the drift correction is performed to further 
reduce noise and enabling the resolution of the final image to 
approach molecular-scale resolution. 
0223) Any number and/or combination of these five stages 
may be performed in accordance with the techniques 
described herein. For example, in some embodiments, an 
amount of drift in the time sequence of images may be char 
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acterized using a quality measure, and based, at least in part, 
on the quality measure, one or more of the stages may be 
eliminated. In other embodiments, all five stages may be 
performed, as embodiments are not limited in this respect. In 
yet other embodiments, additional drift correction stages 
used in combination with at least one of the stages described 
herein may also be used. 
0224. In the following description of techniques for per 
forming drift correction, the term FWHM (Full Width at Half 
Maximum) is used as the mathematical Surrogate for “reso 
lution.” The approximation that FWHM-sigma* 2.35 for a 
Gaussian distribution, where sigma is the standard deviation, 
is also used. The techniques described herein for performing 
drift correction relate to processing a time sequence of 
images. The recorded image stack is referred to herein as a 
“movie' and each of the individual images as a “frame. Each 
frame of the movie is operated on with a spot finding algo 
rithm, and then a local Gaussian fitting algorithm may be used 
for each identified spot; the spot and its fitted center position 
localization are interchangeably referred to herein as a “local 
ization.” The frames of the movie capture one or more tran 
sient events that are present in Some frames but not others. 
0225. In the illustrative application of the techniques 
where the frames of the movie related to nucleic acid-based 
imaging as discussed above, the hybridization of an imager 
Strand to a docking strand until their disassociation is referred 
to herein as a binding “event'; thus an event could have, and 
typically will consist of several localizations in a series of 
neighboring frames. Although binding events are discussed in 
further detail below as one illustrative transient event that 
may be analyzed using the techniques described herein for 
performing drift correction, it should be appreciated that 
other types of transient events imaged in a time sequence may 
alternatively be used. Within a certain area of the field of view, 
the collection of all localizations throughout the entire movie 
is collectively referred to as the “time trace,” which reflects 
the movement of an observed structure, and is used for drift 
correction in several different ways, as described in more 
detail below. 

Overview of Drift Correction Techniques 
0226 FIG. 12 illustrates a schematic overview of five 
stages of a drift correction procedure that may be performed 
in accordance with the techniques described herein. The 
stages are illustrated as being performed consecutively in an 
order from an unprocessed image to a final image that has 
been processed using the techniques of each of the five stages. 
Each of these stages will be discussed in more detail below. 
Briefly, FIG. 12A(i) illustrates schematics showing the prin 
ciple of each stage of drift correction. In each image, black 
markers and lines indicate source data, and red values and 
curves indicate the calculated drift correction. FIG. 12A(ii) 
shows a schematic drawing of the major type of drift markers 
(e.g., DNA drift markers) used in each stage. FIG. 12B(i) 
illustrates an example structure showing the imaging quality 
after each stage or correction, and FIG. 12B(ii) shows a 
Zoomed image of the corresponding green rectangle in FIG. 
12B(i) at each stage. The scale bars shown in FIGS. 12B(i) 
and 12B(ii) correspond to 50 nm. FIG. 12C(i) illustrates an 
example drift trace after each stage of correction, and FIG. 
12C(ii) shows a Zoomed image of the corresponding green 
rectangle in FIG. 12C(i) at each stage. The scale bars in FIG. 
12C(i) correspond to X: 500 nm, t: 500s, and the scale bars in 
FIG. 12C(ii) correspond to X: 10 nm, t: 10 s. FIG. 18 illus 
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trates an alternate representation of stages in a drift correction 
process in accordance with Some embodiments. 
0227. In some embodiments, an image resolution output 
from the first stage may be on the order of 1 Jum. 
0228. In some embodiments, an image resolution output 
from the second stage may be on the order of 200 nm. 
0229. In some embodiments, an image resolution output 
from the third stage may be on the order of 20 nm. 
0230. In some embodiments, an image resolution output 
from the fourth stage may be on the order of 5 nm. 
0231. In some embodiments, an image resolution output 
from the fourth stage may be on the order of less than 5 nm. 

Imaging Quality and Limit of Achievable Resolution 
0232. The finest possible quality of a drift-corrected image 

is limited by the quality of individual localizations, which is 
determined by the various conditions used during an imaging 
Session (e.g., a microscopy imaging session). To quantita 
tively assess and effectively compare between the quality of 
different imaging conditions, a quantity called Distance 
between Neighboring Frame Localizations (DNFL) is 
defined as the mean separation between localizations 
detected from consecutive image frames, which originated 
from the same transient event (e.g., a binding event). 
0233. The procedure for calculating the DNFL for an 
image is outlined as follows. For each pair of NF (Neighbor 
ing Frames, e.g. frame #1 and #2), all localizations from both 
frames are pooled and the distance between every pair of 
localizations from different frames (e.g. one localization 
from frame #1 versus another from frame #2) is calculated, 
assuming no drift between the frames. The resulting distances 
from all NF pairs are pooled to provide a bimodal distribution. 
The first mode of the bimodal distribution is broad, high in 
amplitude, and spans the width of the field of view. The 
second mode of the bimodal distribution is sharp, low in 
amplitude, and close to Zero, and corresponds to localizations 
from the same binding event. The maximum of the second 
mode may be determined and a local Gaussian fitting algo 
rithm may be performed around the maximum to determine 
the center of the peak. This value may be considered the 
DNFL of a certain image. Without combining localizations 
from consecutive frames, the DNFL value sets the limit of the 
finest possible resolution that can be achieved from a certain 
image, with a mathematical relation between the best achiev 
able resolution and DNFL being: best achievable 
resolution=DNFL/sqrt(2)*2.35. 

Drift Correction Quality and Supported Resolution 
0234. The quality of a final drift-corrected image may 
assessed by characterizing the Point Spread Function (PSF) 
ofa single binding site. A statistical overlay of images of more 
than thousands of single docking sites may be produced as the 
reference for the PSF distribution. A 2-D Gaussian fitting may 
be performed on the statistical overlay to determine the stan 
dard deviation (sigma) of the PSF, which in turn determines 
the best Supported resolution of the produced image, given by 
a similar formula as above: image Supported 
resolution=sigma* 2.35. The isolation and overlay of single 
isolated docking sites may be performed with the help of an 
auxiliary DNA nanostructure. This structure has a known 
pattern of well-separated docking sites (e.g., a lattice grid 
pattern), and may be the same structure used for the template 
based drift correction stage, discussed in more detail below. 
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Because of variation of laser intensity, unevenness of optical 
Surface deposition and other systematic factors, as well as the 
possible stochastic nature of the imaging process, the above 
determined image quality of the whole image may not reflect 
the true imaging quality for each single sample object in the 
imaging field. Typically, structures closer to the center of the 
imaging field and better fixed to the optical surface, are better 
illuminated, and show better resolution than those that are on 
the periphery and are less well fixed. The image quality and 
resolution of a single molecule may be determined in a pro 
cedure similar to the one above. A projection of a single 
molecule of an auxiliary DNA nanostructure (same as above) 
may be taken along a direction that best separates the docking 
sites (in the case of lattice grid structures, this will be along 
any of the lattice directions), and a multi-Gaussian fit may be 
performed on the projected 1-D distribution. The standard 
deviation of the fitted Gaussian peaks may then be determined 
and similarly used to infer the resolution of a single-molecule 
image. 

Drift Assessment and Choice of Drift Correction Stages 
0235. In some embodiments, the five stages incorporating 
techniques for performing drift correction, discussed in fur 
ther detail below, operate in series to reduce the drift of an 
unprocessed image, where each consecutive stage reduces the 
drift further, and low enough for the successful operation of 
the next stage. Depending on the amount of drift in the cap 
tured images, less than all five stages may be used. For 
example, if it is determined that there is low drift in the 
original image, the localizations in each frame may be sepa 
rable, and processing may begin from the second stage with 
out requiring processing by first stage. If it is determined that 
there is even lower drift in the original image, processing may 
be begin from the third stage without significant loss of final 
image quality. Due to the complex origin of drift, which may 
involve, among other things, thermal fluctuation and expan 
Sion, microscope stage movement due to electric motor acti 
vation, vibration from the building and optical table complex, 
controlling drift in the original image tends to be difficult, and 
including the first two stages is often useful in producing a 
final image with desired resolution. For example, including 
all five stages described herein provides a robust strategy for 
drift correction that is applicable to images taken in most 
biology labs, without the requirement of specialized hard 
ware or building requirements. 
0236. In some embodiments, the amount of drift and over 
all image quality of the original unprocessed image may be 
determined using any Suitable technique, and the determined 
image quality may be used to select a choice of drift correc 
tion stages to use in performing drift correction. For example, 
a technique for determining image quality may compare dif 
ferent temporal segments of the same image. In this illustra 
tive technique, the original image may be divided into two 
halves by separately pooling localizations from the first half 
and the second half of the movie, respectively. The cross 
correlation between the two images may be calculated and a 
best offset may be estimated to provide an indication of the 
overall drift. The indication of overall drift may be compared 
to one or more threshold values to determine whether one or 
more of the drift correction stages may be skipped in perform 
ing drift correction in accordance with the techniques 
described herein. 
0237 FIG. 13 illustrates a process for performing drift 
correction in accordance with Some embodiments. In act 210, 
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drift correction is performed by considering differences in 
localizations across neighboring frames of a movie. The pro 
cess then proceeds to act 220, where a single drift marker is 
selected, a time trace describing the movement of the drift 
marker over time during the movie is determined, and the 
time trace for the single drift marker is used to perform drift 
correction of the image. The process then proceeds to act 230, 
where time traces are determined for each of a plurality of 
drift markers identified in the image. As discussed in more 
detail below, differences between the time traces may be used 
to provide a further drift correction in the final image. The 
process then proceeds to act240, where drift correction using 
geometrically-constrained templates is performed. The pro 
cess then proceeds to act 250, where the image is further drift 
corrected by Smoothing the drift trace using Suitable Smooth 
ing techniques, as discussed in more detail below. Each of the 
five stages for performing drift correction in accordance with 
the techniques described herein are described in further detail 
below. As should be appreciated from the foregoing discus 
Sion, not all embodiments require the use of all five stages for 
drift correction processing. For example, in some embodi 
ments, only acts 230 and 240 may be performed. In other 
embodiments, acts 230, 240, and 250 may be performed. In 
yet other embodiments, acts 220, 230, 240 and 250 may be 
performed without including act 210. 

First Stage Drift Correction 

0238 A first stage of drift correction (e.g., act 210 of FIG. 
13) operates by comparing localizations from neighboring 
frames in a movie. A procedure similar to the DNFL calcu 
lation described above (or any other Suitable technique) may 
be used to identify pairs of localizations originating from the 
same transient event (e.g., a single binding event). All pairs of 
localizations originating from the same transient event may 
be pooled to create a bimodal distribution. After creating a 
bimodal distribution of the localizations from neighboring 
images, a cutoff value may be automatically determined to 
separate those pairs of localizations from the same event 
(close localizations), from those that are different. Next, all 
pairs of close localizations for the same neighboring frame 
(NF) pair are pooled, and the offset between each pair is 
computed. The vector average of all offsets are output as the 
drift correction. For NF pairs with no qualifying close local 
izations being identified, a zero drift may be output. The first 
stage of drift correction typically corrects for global drift with 
high amplitude (farther than 1 um in offset), which effectively 
removes interference between different drift markers and 
allows for incorporation of the next stage. As discussed 
above, in some embodiments where different drift markers 
may already be separable from each other, the first stage of 
processing may be omitted. A determination of whether the 
first stage of processing may be omitted may be made using 
an image quality factor analysis, as discussed above, or using 
any other Suitable technique (e.g., manual inspection). 

Second Stage Drift Correction 

0239 A second stage of drift correction (e.g., act 220 of 
FIG. 13) operates on a single drift marker or sample object. 
The single drift marker for use in this stage of drift correction 
processing may be selected in any suitable way. For example, 
in Some embodiments, the single drift marker may be ran 
domly selected from the set of all identified drift markers. In 
other embodiments, a particular drift marker associated with 
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desirable qualities (e.g., an average amount of drift over the 
entire movie) may be selected as the single drift marker to use 
for this stage. After selecting the single drift marker, its time 
trace is automatically determined, Smoothed, and output as 
the drift correction. Alternatively, a drift trace may be manu 
ally drawn in cases where separation between drift markers is 
hard to identify automatically. 
0240. The second stage of drift correction further reduces 
global drift in the movie (typically <200 nm), and allows 
automatic batch identification of drift markers in the follow 
ing stages. 

Third Stage of Drift Correction 
0241. A third stage of drift correction (e.g., stage 230 of 
FIG.2) combines the time traces of a plurality of drift markers 
to compute drift correction with a finer resolution than the 
second stage of drift correction. Each drift marker has a large 
number of docking sites to allow a high temporal coverage; 
and a large number of these drift markers are deposited onto 
the imaging Surface together with the samples. The number of 
binding sites on each drift marker and the concentration of 
drift markers on the Surface may be selected appropriately to 
ensure a high quality drift correction, as the improvement in 
drift correction in performing this stage is primarily deter 
mined by the spread of each drift marker in the image and the 
effective number of drift markers per frame. 
0242 FIG. 14 illustrates a process for performing drift 
correction corresponding to stage 230 of FIG. 2. In act 310, 
locations of a plurality of drift markers are identified. Identi 
fying locations of the plurality of drift markers may include 
pooling localizations from all frames of the movie to calculate 
a two-dimensional (2D) histogram. Then, the locations of 
drift markers may be identified by appropriately tuning the 
histogram binning size and a combination of other selection 
criteria. For example, the binning size of the histogram may 
be tuned to reflect the feature size of the drift marker, e.g., a 
fourth or third of their overall size. The range of selection 
criteria includes, but it is not limited to, a lower-bound thresh 
old of the histogram value and filtering based on geometrical 
properties (e.g., area, dimensions). Adequate separation 
between nearby drift markers is often necessary to exclude 
false localizations, which, for example, arise from spurious 
localizations of double-binding events. After the identifica 
tion of a pool (e.g., thousands) of drift markers, the process to 
act 320, where the time trace for each drift marker is deter 
mined and the relative time trace determined as the offset of 
each time trace from the center of the combined trace is 
computed. Because the images capture transient events (e.g., 
nucleic acid-binding events), not all time traces for a drift 
marker may coverall time points in the movie. In Such cases, 
the time traces may be linearly interpolated at the “missing 
points' to achieve a finer and smoother result. 
0243. After determining the time trace for each of the 
plurality of drift markers, the process proceeds to act 330, 
where the drift correction for the image is determined based 
on the time traces determined for each drift marker. Any 
suitable combination of the time traces may be used to deter 
mine the drift correction, and embodiments are not limited in 
this respect. In some embodiments, a weighted average of the 
time traces is used to determine the drift correction output 
from this stage. For example, a weighted average of the pool 
of relative time traces may be computed as the result of drift 
correction, where the correction is weighted by the quality of 
drift marker traces. The quality of drift marker traces may be 
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determined in any suitable way including, but not limited to, 
determining the quality by assessing drift marker quality or 
individual localization quality. In some embodiments, the 
quality of each drift marker trace is computed by taking the 
standard deviation (sigma) of the trace over time. The inverse 
of this measure (e.g., 1/sigma) for each trace may be used as 
the weight factor. Alternatively, the quality of each individual 
localization within the time traces may be computed as the 
localization uncertainty given by the formula in Thomson, 
2002. The inverse of the standard deviation of this calculation 
may be used as the weight factor for each time trace. After 
determining the drift correction, the process proceeds to act 
340 where the image is corrected using the determined drift 
correction. 
0244. This stage of drift correction may be performed any 
number of times. In some embodiments, this stage of drift 
correction is iteratively performed with different parameters 
used for each iteration. As drift correction proceeds, the 
remaining drift amplitude is decreased further and further, the 
spatial spread-out of drift markers becomes Smaller and 
smaller, and selection of drift markers may be performed 
more and more stringently. Consequently, in initial iterations, 
the threshold histogram count may be setto a lower value, and 
this value may be adjusted during later iterations to higher 
values. Additionally, in Some embodiments, the valid area and 
dimensions of drift markers may be set to larger values in 
initial iterations, and later adjusted to Smaller values during 
Subsequent iterations. Yet further, in some embodiments, 
separation between drift markers may be shifted from larger 
values to Smaller values in later iterations. In some embodi 
ments, an interactive quality check (either manually or auto 
matically performed) may be determined between iterations 
to facilitate a determination of further operations. 
0245 Depending on the imaging quality, this stage of drift 
correction typically brings the obtained image resolution to 
within a factor of two from the best allowed resolution (i.e. if 
the precision of each individual localization Supports resolu 
tion of ~5 nm, then this stage usually yields ~10 nm resolu 
tion). Typically, with good imaging conditions, a resolution 
<10 nm may be obtained following processing with this stage. 

Fourth Stage of Drift Correction 
0246 A fourth stage of drift correction (e.g., act 240 in 
FIG. 13) uses drift marker “templates.” and thus this stage is 
termed “templated drift correction.” One or more drift marker 
templates (e.g., DNA nanostructures with docking sites in a 
known and well-separated geometric arrangement) are 
deposited onto the imaging Surface together with “ordinary 
drift markers, discussed above in connection with stage three. 
The separation between these docking sites is preferably cho 
Sen not to be not smaller than twice the resulting resolution 
from the previous stage (e.g., stage three), allowing easy 
separation between localizations from different docking 
sites. The number of docking sites on these templates as well 
as the concentration of the docking sites on the Surface, is 
preferably chosen to achieve effective template correction, 
similar that described for the third stage. 
0247 FIG. 15 illustrates a process for performing drift 
correction corresponding to stage 240 of FIG. 2. In act 410, a 
plurality of drift correction templates are identified from a 
2-D histogram of localizations pooled across all frames of the 
movie. To distinguish the drift templates from the drift mark 
ers used in the third stage, an extra upper-bound threshold in 
histogram count may be incorporated in addition to the range 
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of selection criteria as mentioned above. After the drift tem 
plates have been identified, the process proceeds to act 420, 
where the time trace of each drift template is determined. 
Because the docking sites are designed to be well separated in 
the templates, several non-overlapping time traces from indi 
vidual docking sites may be isolated from each time trace of 
a full drift template. This identification and separation step 
may be carried out in a similar manner as the identification of 
drift markers from the entire image. For example, a combi 
nation of local histogram thresholding and filtering on stan 
dard deviation of the individual time traces for each drift 
template may be used. 
0248. After the time trace for each drift template has been 
determined, the process proceeds to act 430, where the com 
bination of time traces is used to determine a drift correction 
for this stage. In some embodiments, this is accomplished by 
computing relative time traces for each time trace, and the 
relative time traces are used, at least in part, to determine the 
drift correction. The relative time traces may be used in any 
suitable way to determine the drift correction. For example, in 
Some embodiments, a weighted average of all the time traces 
of individual docking sites may be averaged to produce the 
final drift correction. The weight factors may be determined 
in any suitable way. For example, the weight factors may be 
based on the quality of each individual site, or the quality of 
each individual localization in the time trace. After determin 
ing the drift correction, the process proceeds to act 440 where 
the image is corrected using the determined drift correction. 
0249 Depending on the imaging quality, this stage of drift 
correction may result in a resolution of the final image being 
close to the best possible resolution. That is, if the precision of 
each individual localization Supports a resolution of ~5 nm, 
performing template drift correction in accordance with the 
techniques described herein may achieve a resolution close to 
~6 nm. In some embodiments, for the <10 nm resolution 
achieved after the third stage, a DNA nanostructure with 12 
docking sites arranged in a 4x3 grid of lattice spacing 20 mm 
may be used as the drift correction template. Template-based 
drift correction using the techniques described in this section 
may enable the achievement of 6-7 nm resolution after this 
Stage. 

Fifth Stage Drift Correction 

(0250) A fifth stage of drift correction (e.g., act 250 in FIG. 
13) performs smoothing of the drift correction trace, and the 
smoothed drift correction trace may be used to perform drift 
correction. For example, after determining a drift correction 
for one or more of the second, third and fourth stages dis 
cussed above, the resultant drift correction may be smoothed 
using any suitable technique to produce the final drift correc 
tion result. Smoothing effectively increases the number of 
drift markers or drift templates in each frame, by taking the 
localizations in neighboring frames into account. Smoothing 
may be performed in any Suitable manner using any Suitable 
window period. For example, in Some embodiments, Smooth 
ing is performed with a robust local regression method that 
operates over a window period determined by the character 
istic drift time scale. A non-limiting example of a smoothing 
window period may be 10-30s. 

Extension to 3D Imaging 
0251 All stages described above can be directly applied to 
correct a 3D image (e.g., Super-resolution image) as well. In 
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3D Super-resolution imaging, for example, an astigmatism 
lens may be introduced in the imaging path and the ellipticity 
of the resulting Gaussian emission profile may be used to 
determine a Z-position of a molecule. The above-described 
origami drift marker structures (e.g., geometric-constrained 
templates) may be used in a one-to-one fashion to perform the 
stages of drift correction. For the template-based drift correc 
tion stage, a DNA origami structure with a defined 3D shape 
(e.g., a tetrahedron) may be used. 
0252 FIG. 16 illustrates 3D tetrahedrons used as tem 
plates for 3D drift correction. The four corners are labeled 
with docking sites. FIG. 16A shows that the four corners are 
clearly resolved. FIG. 16B illustrates the X-Z projection of 
the structures with a height of -85 nm. 

Extension to Multicolor Imaging 

0253) The above-described techniques for correcting drift 
in a plurality of time sequence images is described with 
respect to imaging a transient event identified using a single 
color in the images. However, it should be appreciated that 
these techniques may be extended to multicolor imaging in 
which different transient events (e.g., binding of different 
nucleic acid drift markers with docking sites) are labeled with 
different colors that can be identified in the same image. 
When multicolor imaging is used, the geometric templates 
discussed above for template-based drift correction may 
include information describing a particular known geometry 
for the different transient events that correspond to the differ 
ent colors. For example, rather than just a single binding event 
occurring at a single docking site in a 3x4 grid, multiple 
binding events color-coded using different colors in the same 
geometric template may be represented, and the drift correc 
tion may be performed using information from the multiple 
binding events. Other processes for extending the techniques 
described herein to multicolor imaging are also contem 
plated, and embodiments are not limited in this respect. 

Exemplary Computer System 

0254 An illustrative implementation of a computer sys 
tem 600 that may be used in connection with any of the 
embodiments of the present disclosure described herein is 
shown in FIG. 17. The computer system 600 may include one 
or more processors 610 and one or more computer-readable 
non-transitory storage media (e.g., memory 620 and one or 
more non-volatile storage media 630). The processor 610 
may control writing data to and reading data from the memory 
620 and the non-volatile storage device 630 in any suitable 
manner, as the aspects of the present disclosure described 
herein are not limited in this respect. To perform any of the 
functionality described herein, the processor 610 may 
execute one or more instructions stored in one or more com 
puter-readable storage media (e.g., the memory 620), which 
may serve as non-transitory computer-readable storage 
media storing instructions for execution by the processor 610. 
0255. The above-described embodiments of the present 
disclosure can be implemented in any of numerous ways. For 
example, the embodiments may be implemented using hard 
ware, software or a combination thereof. When implemented 
in software, the software code can be executed on any suitable 
processor or collection of processors, whether provided in a 
single computer or distributed among multiple computers. It 
should be appreciated that any component or collection of 
components that perform the functions described above can 
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be generically considered as one or more controllers that 
control the above-discussed functions. The one or more con 
trollers can be implemented in numerous ways, such as with 
dedicated hardware, or with general purpose hardware (e.g., 
one or more processors) that is programmed using microcode 
or software to perform the functions recited above. 
0256 In this respect, it should be appreciated that one 
implementation of the embodiments of the present disclosure 
comprises at least one non-transitory computer-readable stor 
age medium (e.g., a computer memory, a floppy disk, a com 
pact disk, a tape, etc.) encoded with a computer program (i.e., 
a plurality of instructions), which, when executed on a pro 
cessor, performs the above-discussed functions of the 
embodiments of the present disclosure. The computer-read 
able storage medium can be transportable such that the pro 
gram stored thereon can be loaded onto any computer 
resource to implement the aspects of the present disclosure 
discussed herein. In addition, it should be appreciated that the 
reference to a computer program which, when executed, per 
forms the above-discussed functions, is not limited to an 
application program running on a host computer. Rather, the 
term computer program is used herein in a generic sense to 
reference any type of computer code (e.g., Software or micro 
code) that can be employed to program a processor to imple 
ment the above-discussed aspects of the present disclosure. 

Equivalents 

0257. While several inventive embodiments have been 
described and illustrated herein, those of ordinary skill in the 
art will readily envision a variety of other means and/or struc 
tures for performing the function and/or obtaining the results 
and/or one or more of the advantages described herein, and 
each of such variations and/or modifications is deemed to be 
within the scope of the inventive embodiments described 
herein. More generally, those skilled in the art will readily 
appreciate that all parameters, dimensions, materials, and 
configurations described herein are meant to be exemplary 
and that the actual parameters, dimensions, materials, and/or 
configurations will depend upon the specific application or 
applications for which the inventive teachings is/are used. 
Those skilled in the art will recognize, or be able to ascertain 
using no more than routine experimentation, many equiva 
lents to the specific inventive embodiments described herein. 
It is, therefore, to be understood that the foregoing embodi 
ments are presented by way of example only and that, within 
the Scope of the appended claims and equivalents thereto, 
inventive embodiments may be practiced otherwise than as 
specifically described and claimed. Inventive embodiments 
of the present disclosure are directed to each individual fea 
ture, system, article, material, kit, and/or method described 
herein. In addition, any combination of two or more Such 
features, systems, articles, materials, kits, and/or methods, if 
Such features, systems, articles, materials, kits, and/or meth 
ods are not mutually inconsistent, is included within the 
inventive scope of the present disclosure. 
0258 All definitions, as defined and used herein, should 
be understood to control over dictionary definitions, defini 
tions in documents incorporated by reference, and/or ordi 
nary meanings of the defined terms. 
0259 All references, patents and patent applications dis 
closed herein are incorporated by reference with respect to the 
Subject matter for which each is cited, which in Some cases 
may encompass the entirety of the document. 
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0260. The indefinite articles“a” and “an as used herein in 
the specification and in the claims, unless clearly indicated to 
the contrary, should be understood to mean “at least one.” 
0261 The phrase “and/or as used herein in the specifica 
tion and in the claims, should be understood to mean “either 
or both of the elements so conjoined, i.e., elements that are 
conjunctively present in Some cases and disjunctively present 
in other cases. Multiple elements listed with “and/or should 
be construed in the same fashion, i.e., "one or more' of the 
elements so conjoined. Other elements may optionally be 
present other than the elements specifically identified by the 
“and/or clause, whether related or unrelated to those ele 
ments specifically identified. Thus, as a non-limiting 
example, a reference to “A and/or B, when used in conjunc 
tion with open-ended language Such as “comprising can 
refer, in one embodiment, to A only (optionally including 
elements other than B); in another embodiment, to B only 
(optionally including elements other than A); in yet another 
embodiment, to both A and B (optionally including other 
elements); etc. 
0262. As used herein in the specification and in the claims, 
“or should be understood to have the same meaning as 
“and/or as defined above. For example, when separating 
items in a list, 'or' or “and/or shall be interpreted as being 
inclusive, i.e., the inclusion of at least one, but also including 
more than one, of a number or list of elements, and, option 
ally, additional unlisted items. Only terms clearly indicated to 
the contrary, such as “only one of or “exactly one of” or, 
when used in the claims, “consisting of” will refer to the 
inclusion of exactly one element of a number or list of ele 
ments. In general, the term 'or' as used herein shall only be 
interpreted as indicating exclusive alternatives (i.e. “one or 
the other but not both') when preceded by terms of exclusiv 
ity, such as “either,” “one of “only one of or “exactly one 
of “Consisting essentially of when used in the claims, shall 
have its ordinary meaning as used in the field of patent law. 
0263. As used herein in the specification and in the claims, 
the phrase “at least one.” in reference to a list of one or more 
elements, should be understood to mean at least one element 
selected from any one or more of the elements in the list of 
elements, but not necessarily including at least one of each 
and every element specifically listed within the list of ele 
ments and not excluding any combinations of elements in the 
list of elements. This definition also allows that elements may 
optionally be present other than the elements specifically 
identified within the list of elements to which the phrase “at 
least one' refers, whether related or unrelated to those ele 
ments specifically identified. Thus, as a non-limiting 
example, “at least one of A and B (or, equivalently, “at least 
one of A or B, or, equivalently “at least one of A and/or B) 
can refer, in one embodiment, to at least one, optionally 
including more than one, A, with no B present (and optionally 
including elements other than B); in another embodiment, to 
at least one, optionally including more than one, B, with no A 
present (and optionally including elements other than A); in 
yet another embodiment, to at least one, optionally including 
more than one, A, and at least one, optionally including more 
than one, B (and optionally including other elements); etc. 
0264. It should also be understood that, unless clearly 
indicated to the contrary, in any methods claimed herein that 
include more than one step or act, the order of the steps or acts 
of the method is not necessarily limited to the order in which 
the steps or acts of the method are recited. 
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0265. In the claims, as well as in the specification above, 
all transitional phrases such as “comprising.” “including.” 
“carrying.” “having.” “containing.” “involving,” “holding.” 
“composed of and the like are to be understood to be open 
ended, i.e., to mean including but not limited to. Only the 
transitional phrases "consisting of and "consisting essen 
tially of shall be closed or semi-closed transitional phrases, 
respectively, as set forth in the United States Patent Office 
Manual of Patent Examining Procedures, Section 2111.03. 

EXAMPLES 

Example 1 

Cellular Imaging 
0266 Multiplexed super-resolution imaging of intra-cel 
lular components in fixed cells was achieved by linking dock 
ing strands to antibodies (FIG. 2). These antibody-DNA con 
jugates were formed by first reacting biotinylated docking 
Strands with Streptavidin, and then incubating with a biotiny 
lated antibody against the protein of interest. Fixed HeLa 
cells were then immunostained using a preassembled anti 
body-DNA conjugate against beta-tubulin. Prior to imaging, 
ATTO655-labeled imager strands were introduced to the 
sample in hybridization buffer (1xPBS supplemented with 
500 mMNaCl), and single-molecule imaging was carried out 
using oblique illumination (9). The resulting Super-resolution 
images show a clear increase in spatial resolution in contrast 
to the diffraction-limited representation (FIGS. 3a-3c). A 
cross-sectional profile taken at position <i> in FIG. 3B yields 
a distance of s79 nm between two adjacent microtubules with 
an apparent width of s.47 and s44 nm for each of the micro 
tubules, which is in agreement with earlier reports for immu 
nostained microtubules (13). The antibody-DNA conjugation 
approach of the present disclosure yields a high labeling 
density, and little to no non-specific binding of imager Strands 
to non-labeled cellular components occurs. 
0267 To demonstrate the multicolor extension of the 
labeling scheme of the present disclosure, where orthogonal 
imager strand sequences are coupled to spectrally distinct 
dyes, the microtubule network in a fixed HeLa cell was 
labeled with a preassembled antibody-DNA conjugate carry 
ing a docking sequence for Cy3b-labeled Strands, and mito 
chondria were stained using a second antibody linked to an 
orthogonal sequence for ATTO655 imager sequences. While 
both Cy3b- and ATTO655-labeled imager strands were 
present in Solution at the same time, imaging was carried out 
sequentially in the Cy3b and ATTO655 channels and the 
resulting Super-resolution images showed a clear increase in 
spatial resolution as compared to the diffraction-limited rep 
resentation (FIGS. 3d-3f). As in the single-color case, little 
to-no non-specific binding of the imager strands to non-la 
beled components in the cellular environment was observed. 
In addition, similar to the in vitro case, no crosstalk between 
the two colors was observed, indicating a sequence-specific 
interaction of the imager strands. 

Example 2 

Multiplexing 

0268 Assuming fixed localization accuracy, one can trivi 
ally obtain a direct two-fold increase in imaging resolution. 
This can be realized by spacing imaging spots with the same 
docking strand sequence (e.g., docking sites a in FIG. 4) 
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farther apart than the actual current resolution limit, thus 
clearly identifying these sites as single spots in the Super 
resolved image. As all obtained localizations can now be 
assigned to a specific site, the obtainable imaging resolution 
is no longer the full width at half maximum (FWHM) of the 
reconstructed spots, but rather the standard deviation (s2.35 
times smaller than the FWHM). This is depicted in FIG. 4B1, 
wherein a set of seven points with 10 nm spacing was imaged 
with s 14 nm resolution, leaving individual points unresolv 
able. Cross-sectional histogram data showed a broad peak 
(bottom). In FIGS. 4B2 and 4B3, imaging every other site at 
a time permitted the localization of individual spots. These 
localizations were then combined to form the final composite 
image with increased resolution. 
0269 FIG. 5A shows a single DNA nanostructure, dis 
playing four distinct sets of DNA sequences, designed to 
resemble the digits from 0 to 3, respectively. Imaging was 
performed sequentially using a simple flow chamber setup, 
first flushing in imager strands complementary to the docking 
Strands of the number 0, and then exchanging the Solution for 
imager Strands with a sequence complementary to docking 
Strands of the number 1 and so forth. The resulting images 
were pseudo-colored to represent the respective imaging 
rounds. The demonstration using DNA origami structures 
showed the high imaging efficiency as well as no crosstalk 
between consecutive imaging runs. 
0270. To demonstrate ten-"color super-resolution imag 
ing of DNA structures using Exchange-PAINT, ten unique 
rectangular DNA origami structures were designed, each dis 
playing a distinct pattern of orthogonal docking strands that 
resembles a digit between 0 and 9 (see FIG. 5B(ii) for pattern 
“4”). After surface immobilization of all ten structures, 
sequential imaging was performed using a custom made flu 
idic chamber (FIG. 23A) for easy liquid handling. Ten 
orthogonal imager strands (P1* to P10), all labeled with 
Cy3b, were used to perform Exchange-PAINT. The resulting 
digits from all ten imaging rounds are shown in FIG. 5B(V). 
Each target is resolved with high spatial resolution. Cross 
sectional histograms along the bars of the digits show Sub-10 
nm FWHM of the distributions (data not shown). Note that 
high resolution is maintained for all digits, as the same opti 
mized dye (Cy3b) and imaging conditions are used in each 
cycle. 
0271 FIG. 5B(iii) shows a combined image of all ten 
rounds, demonstrating specific interaction of imager strands 
with respective targets with no observable crosstalk between 
cycles. Digits 8 and 9 are not present in the selected area. An 
apparent “green digit 5 instead of 2 was observed (<i> in 
FIG. 5B(iii)). This is likely not a falsely imaged digit 5 from 
crosstalk, but rather a “mirrored digit 2. A mirrored image 
likely results from an origami immobilized upside-down, 
with docking strands trapped underneath, yet still accessible 
to imager strands. 
0272. The fluidic setup is designed to minimize sample 
movement by “decoupling the fluid reservoir and syringe 
from the actual flow chamber via flexible tubing. To avoid 
sample distortion, special care was taken to ensure gentle 
fluid flow during washing steps. To verify that the sample 
indeed exhibited little movement and little-to-no distortion, a 
ten-round Exchange-PAINT experiment was performed. The 
DNA origami was imaged for digit 4 in the first round and 
reimaged after ten rounds of buffer exchange. The total 
sample movement (physical movement of the fluidic chamber 
with respect to the objective) was less than 2 um, which could 
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easily be corrected using fiducial markers. Normalized cross 
correlation analysis for select structures produced a correla 
tion coefficient 0.92, demonstrating almost no sample distor 
tion (also see the discussion in the cellular imaging section). 
0273 Finally, using Exchange-PAINT, four different digit 
patterns were Successfully imaged on the same DNA origami 
structure (FIG.5B(iv)). Thus Exchange-PAINT is not limited 
to spatially separate species and can resolve Sub-diffraction 
patterns on the same structure with no observable crosstalk or 
sample distortion. Aligning images from different Exchange 
PAINT rounds is straightforward using DNA origami-based 
drift markers. Additionally, because imaging is performed 
using the same dye, no chromatic aberration needs to be 
corrected between imaging rounds. 
0274 The applicability of the methods of the present dis 
closure in a cellular environment was shown by targeting 
microtubules and mitochondria in fixed HeLa cells, similar to 
FIG.3, but only using a single color fluorophore, or spectrally 
indistinct imager strands. Imaging was performed sequen 
tially using imager Strands labeled with the same dye (two 
rounds, FIG. 6). 

Example 3 

Quantitative Imaging 
0275 To demonstrate the feasibility of the quantitative 
methods of the present disclosure, a DNA origami nanostruc 
ture with 13 binding sites in a grid-like arrangement was used 
(FIG.7C). The incorporation efficiency for docking sites was 
not 100%, leading to a distribution of actually incorporated 
sites (FIGS. 7C and 7D1). Nonetheless, the structures were an 
ideal test system because the number of available sites could 
be determined visually by counting the number of spots (“di 
rect’) and comparing it with the corresponding number of 
sites calculated using the proposed binding kinetic analysis 
(“kinetics”). FIG. 7D1 shows the binding site distribution for 
377 origamistructures obtained by direct counting. The bind 
ing site distribution for the same structures obtained by bind 
ing kinetic analysis is shown in FIG.7D2. Finally, as a bench 
mark, the “offset between direct and kinetic counting was 
calculated for each structure. The counting "error” or uncer 
tainty for the method was less than 7% (determined by the 
coefficient of variation of the Gaussian distribution) with an 
imaging time of ~25 min. 

Example 4 

Kinetic Barcoding 
0276 Highly multiplexed super-resolution barcoding was 
obtained by binding frequency analysis rather than geometri 
cal or spectral encoding. Binding frequencies of BP-NA con 
jugates, or docking Strands, to a molecule of interest is lin 
early dependent on the number of binding sites on this 
molecule. Given a certain concentration of fluorescently 
labeled imager Strands and association rate, binding fre 
quency scales linearly with the number of binding sites, and 
can thus be used for identification. For example, 124 distinct 
dynamic “blinking signatures' were created using 3 colors 
and 4 levels of binding frequency per color (FIG. 8). Com 
pared to geometrical encoding, this approach features much 
more compact, unstructured probes. Compared to spectral 
encoding (14) the method of the present disclosure is more 
cost effective, scalable, and easier to implement. Only 3 fluo 
rescently-labeled imager Strands are required in this fre 
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quency encoding method, making it very cost-efficient for 
high-throughput screening experiments. In vitro tests on a 
DNA origami test structure are shown in FIG. 8C. 
(0277. In addition to using the inter-event lifetime t or 
binding frequency to determine the number of available bind 
ing sites and to barcode molecules, the fluorescence ON-time 
ort, and thus the dissociation constant k, can also be used to 
encode information. k can be precisely tuned by the base 
composition and/or length of the duplex of docking and 
imager strand. The feasibility of this approach is illustrated in 
FIG.9: 1?t and 1?t, are plotted vs. the length of the docking/ 
imaging duplex. 1?t, and thus k, is independent of the 
duplex stability. However, extending the imaging/docking 
duplex from 9 to 10 nt by adding a single CG base pair reduces 
the kinetic OFF-rate by almost one order of magnitude. 
0278 Finally, a “microbarcode.” a minimal barcode that 
uses our ability to detect differences in thermodynamic sta 
bility of the imager/docking duplex was produced to identify 
a large number of molecules using a short, economical and 
unstructured probe. The barcode contains only of a single 
DNA molecule, roughly 50 nt in length, which is used to tag 
a molecule of interest using a 21 nt target detection domaint 
(FIG. 10A) followed by a ~30 nt long “barcode” region with 
a combination of 8, 9, or 10 nt long binding domain for red, 
green, or blue imager Strands. Despite being only 30 nt in 
length, it can be used to present 3–27 different barcodes with 
only three spectrally distinct colors and three thermodynami 
cally distinct sequence lengths. FIG. 10 illustrates a8, 9, or 10 
nt long docking strands for three colors with a k of 10, 1 and 
0.1 per second, respectively. FIG. 10A shows an example 
barcode consisting of an 8 nt long binding domain for a red 
imager Strand, two 9 nt long binding domains for the green, 
and blue imager strand, respectively. This produces charac 
teristic intensity vs. time traces with increased fluorescence 
ON-times T, for the 9 nt interaction domain compared to the 
8 nt interaction domain (FIG. 10B). Stochastic simulations 
show that it is clearly possible to distinguish between k, 
values of 10, 1 and 0.1 per second, respectively (FIG. 10C). 

Example 5 

Genetically Encoded Live-Cell Super-Resolution 
Imaging 

0279 A significant advantage offluorescence imaging lies 
in its potential to visualize biomolecular processes in living 
cells. There are however challenges in demonstrating live cell 
Super-resolution imaging (ref. 22-22). One Such challenge is 
in the delivery of a Sufficient concentration of synthetic imag 
ing probes to living cells in a biocompatible manner while 
also allowing for proper imaging conditions. Another chal 
lenge is the extent of background fluorescence for unbound 
probes in the context of a live cell environment where mac 
romolecular crowding may be more of a significant factor 
compared to fixed cell environments, and “live' helicases 
may influence binding kinetics. 
0280. This disclosure addresses these and other challenges 
by utilizing a genetically encoded RNA probe that can spe 
cifically bind to a target molecule in a living cell, and only 
then start to fluoresce and blink to enable super-resolution 
imaging of the specific target. 
0281. This conditional “blinking probe is a small single 
stranded RNA (<100 nt) with a target binding domain (TBD) 
and a conditional blinking domain (CBD). The CBD is under 
mechanical control of the TBD and is dark when the TBD is 
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not bound to a target T. The binding of TBD with target “T” 
results in a reconfiguration of the CBD and enables it to blink 
with an intensity and frequency Suitable for the Super-resolu 
tion imaging of T. 
0282. The blinking RNA probe is based on the Spinach 
aptamer system (ref. 19), a fluorescent RNA mimic of GFP 
(FIG. 19). Spinach can turn on the fluorescence of an initially 
dark small molecule DFHBI (similar to DMHBI), which is 
non-toxic and cell-permeable. By tagging Spinach to a target 
RNA, the expression of the target RNA in bacteria and mam 
malian cells can be imaged (ref. 19). 
0283. As the small molecule DFHBI binds and unbinds 
Spinach, it will alternate between a fluorescence ON- and 
OFF-state. The resulting blinking behavior is used to perform 
Super-resolution fluorescence microscopy, which is referred 
to herein as “Spinach-PAINT (FIG. 20). Unlike most live 
cell Super-resolution imaging techniques, Spinach-PAINT 
needs no special imaging conditions such as special buffer 
systems or external photoSwitching or activation. More 
importantly, DFHBI is a small, cell-permeable molecule and 
has been shown to provide non-toxic imaging for living cells. 
The necessary “blinking' behavior for super-resolution 
imaging can be obtained by altering the fluorescence ON- and 
OFF-times by adjusting the DFHBI concentration in solution 
and modifying/mutating Spinach to enhance/weaken the 
binding of DFHBI to it in the same spirit as one would tune the 
DNA-DNA binding interaction of an imaging strand with its 
partner. It is possible to characterize and optimize the binding 
kinetics of DFHBI to surface-immobilized Spinach based on 
single-molecule measurements (FIG. 20). The binding kinet 
ics are checked for compatibility with super-resolution 
microscopy based on transient binding. 
0284 Generate spinach variants with optimized blinking 
properties for Super-resolution imaging: Based on DNA 
PAINT, a starting point is to obtain Spinach variants that show 
ON-times of at least 50 ms, occurring at a rate of s2 Hz. It has 
been found that Spinach exhibits ak of 0.02 s', resulting in 
a residence time of s50s. This is markedly longer than needed 
for Super-resolution imaging. To identify Spinach variants 
with a k between 1-20 s', a "doped” library of Spinach 
variants will be prepared, using a dNTP mixture containing 
the dNTP that is found in Spinach for each position and the 
other three dNTPs in a 2:1:1:1 ratio. This approach is typi 
cally used to optimize aptamer sequences (SELEX) (ref. 23). 
The Spinach variants will then be screened for variants with 
shorter DFHBI residence times. After 5-10 rounds of SELEX, 
clones will be individually characterized. A first step is to 
confirm that all the Spinach variants still exhibit Spinach-like 
fluorescence with comparable quantum yield and extinction 
coefficient upon binding DFHBI. It is generally easy to 
weaken rather than to strengthen the binding interaction 
between an aptamer and a small molecule. 
0285) A second step involves measuring the binding and 
unbinding rate constants of these Spinach variants by single 
molecule imaging. Spinach variants that exhibit binding 
durations that provide Sufficient photon counts for obtaining 
precise Super-resolution imaging will be chosen. 
0286 To optimize the blinking frequency, we will titrate 
with DFHBI, as the rate of RNA-fluorophore complex for 
mation is determined by both k and the DFHBI concentra 
tion, and will identify the concentration that produces a blink 
ing rate of 5-10 Hz. Finally, we will have identified a set of 
Spinach variants that exhibit optimized blinking needed for 
Super-resolution imaging. 
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0287. As a testing platform, we will optimize the super 
resolution ability of Spinach-PAINT by in vitro “imaging of 
a DNA-based nanostructure (e.g., a nanostructure made by 
DNA origami). The DNA origami substrate has the advantage 
of providing a programmable environment for placing mul 
tiple Spinach molecules in a defined distance and geometry. 
This nanoscopic ruler system will enable us to precisely 
quantify the obtainable resolution of this super-resolution 
imaging technique (FIG. 21). 
0288 RNAs that Exhibit Blinking upon Binding Tubulin 
for Super-Resolution Imaging of Cytoskeleton Proteins: 
Spinach-based sensors that are activated by metabolites (ref. 
24) and by proteins (ref. 25) have been generated. The 
approach of this disclosure will be used to generate Spinach 
based sensors that are activated by binding tubulin, using 
tubulin-binding aptamers and the blinking Spinach variants 
described herein. 
0289. The allosteric form of Spinach is compromised of 
the modified Spinachaptamer domain fused to a “control” or 
“sensing module consisting of anaptamer that binds a target 
of interest (ref. 24). Binding of the target results in the allos 
teric folding of the modified Spinachaptamer into an “active' 
conformation, enabling DFHBI binding and fluorescence 
(FIG. 22). Several tubulin-binding DNA aptamers have been 
described (ref. 26). This disclosure provides for the evolution 
of control modules for Spinach capable of sensing tubulin 
using previously established protocols. Briefly, candidate 
aptamers will be fused to Spinach to obtain tubulin-depen 
dent Spinach fluorescence, and Spinach activation only in the 
presence of tubulin (which will be Cy5 labeled and polymer 
ized in vitro) will be verified. 
0290. Using the conditional Spinach probe generated 
above and based on the super-resolution conditions tested for 
in vitro imaging, Spinach-PAINT can be used for, for 
example, Super-resolution imaging of microtubules in live 
mammalian cells. 

Example 6 

Flow Chamber 

0291 FIG. 23A shows an example of an experimental 
setup used for in vitro DNA origami experiments, as provided 
herein. The sample is immobilized on a glass coverslip in a 
PDMS channel. Imaging and washing buffers are added to a 
reservoir and pulled through the channel by a syringe. Res 
ervoirs and syringes are connected to the PDMS channel via 
flexible tubing and are, thus, mechanically decoupled. FIG. 
23B shows an experimental setup used for in situ cell imag 
ing. Cells are imaged in a Lab-Tek II chamber. One Syringe 
supplies new buffer solution, the second one removes the 
previous buffer. 
0292 An exemplary protocol for Exchange-PAINT imag 
ing using a flow chamber, for example, as depicted in FIGS. 
23A and 23B, is as follow: 
0293 PDMS flow chamber volume: 40 ul 
0294 Rinse flow chamber with 100 ul 1 M KOH 
0295 Rinse flow chamber with 100 ul buffer A twice 
0296 Incubate for 5 min 
0297 Rinse flow chamber with 100 ul buffer A 
0298 Rinse flow chamber with 50 ul 1 mg/ml BSA-Biotin 
in buffer A 
0299. Incubate for 2 min 
0300 Rinse flow chamber with 50 ul 1 mg/ml BSA-Biotin 
in buffer A 
0301 Incubate for 2 min 
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(0302 Rinse flow chamber with 100 ul buffer A twice 
(0303 Rinse flow chamber with 50 ul 0.5 mg/ml Strepta 
vidin in buffer A 

0304 Incubate for 2 min 
(0305 Rinse flow chamber with 50 ul 0.5 mg/ml Strepta 
vidin in buffer A 

0306 Incubate for 2 min 
(0307 Rinse flow chamber with 100 ul buffer A twice 
(0308 Rinse flow chamber with 100 ul buffer B twice 
0309 Incubate for 30 min 
0310 Rinse flow chamber with 100 ul buffer B twice 
0311 Rinse flow chamber with 50 ul 1 nM origami in 
buffer B 

0312 Incubate for 10 min 
0313 Rinse flow chamber with 100 ul buffer B twice 
0314. Attach tubing 
0315 Operate in buffer B. 

Additional Materials and Methods 

0316 Materials. Unmodified DNA oligonucleotides were 
purchased from Integrated DNA Technologies. Fluorescently 
modified DNA oligonucleotides were purchased from Bio 
synthesis. Biotinylated monoclonal antibodies against 3-tu 
bulin (9F3; Catalog number: 6181) and COXIV (3E11: Cata 
log number: 6014) were purchased from Cell Signaling. Anti 
PMP70 (Catalog number: ab28499) was purchased from 
Abcam. Anti-TGN46 (Catalog number: NBP1-49643B) was 
purchased from VWR. Streptavidin was purchased from 
Invitrogen (Catalog number: S-888). Bovine serum albumin 
(BSA), and BSA-biotin was obtained from Sigma Aldrich 
(Catalog Number: A8549). Glass slides and coverslips were 
purchased from VWR. Lab-Tek II chambered cover glass 
were purchased from Thermo Fisher Scientific. M13mp 18 
scaffold was obtained from New England Biolabs. p8064 
scaffold for microtubule-like DNA origami structures was 
prepared as described 19. Freeze NSqueeze' columns were 
ordered from Bio-Rad. TetraSpeck Beads were purchased 
from Life Technologies. Paraformaldehyde, glutaraldehyde 
and TEM grids (FORMVAR 400 Mesh Copper Grids) were 
obtained from Electron Microscopy Sciences. Three buffers 
were used for sample preparation and imaging: Buffer A (10 
mM Tris-HCl, 100 mM NaCl, 0.05% Tween-20, pH 7.5), 
buffer B (5 mM Tris-HCl, 10 mM MgCl2, 1 mM EDTA, 
0.05% Tween-20, pH 8), and buffer C (1xPBS, 500 mM 
NaCl, pH 8). 
0317 Optical setup. Fluorescence imaging was carried 
out on an inverted Nikon Eclipse Ti microscope (Nikon 
Instruments) with the Perfect Focus System, applying an 
objective-type TIRF configuration using a Nikon TIRF illu 
minator with an oil-immersion objective (CFI Apo TIRF 
100x, NA 1.49, Oil). For 2D imaging an additional 1.5 mag 
nification was used to obtain a final magnification of s 150 
fold, corresponding to a pixel size of 107 nm. Three lasers 
were used for excitation: 488 nm (200 mW nominal, Coher 
ent Sapphire), 561 nm (200 mW nominal, Coherent Sapphire) 
and 647 nm (300 mW nominal, MBP Communications). The 
laser beam was passed through cleanup filters (ZT488/10, 
ZET561/10, and ZET640/20, Chroma Technology) and 
coupled into the microscope objective using a multi-band 
beam splitter (ZT488rdc/ZT561rdc/ZT640rdc, Chroma 
Technology). Fluorescence light was spectrally filtered with 
emission filters (ET525/50m, ET600/50m, and ET700/75m, 
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Chroma Technology) and imaged on an EMCCD camera 
(iXon X3 DU-897, Andor Technologies). 
0318 DNA origami self-assembly. The microtubule-like 
DNA origami structures were formed in a one-pot reaction 
with 40 ul total volume containing 10 nM scaffold strand 
(p8064), 500 nM folding staples and biotin handles, 750 nM 
biotin anti-handles and 1.1 uM DNA-PAINT docking strands 
in folding buffer (1x TAE Buffer with 20 mM MgCl). The 
Solution was annealed using a thermal ramp 13 cooling from 
80° C. to 14° C. over the course of 15 h. After self-assembly, 
monomeric structures were purified by agarose gel electro 
phoresis (1.5% agarose, 0.5x TBE, 10 mM MgCl, 1x 
SybrSafe) at 4.5 V/cm for 1.5 h. Gel bands were cut, crushed 
and filled into a Freeze N Squeeze' column and spun for 5 
min at 1000xg at 4°C. Polymerization was carried out at 30° 
C. for 48 h with a 5-fold excess of polymerization staples in 
folding buffer. Polymerized structures were used for imaging 
without further purification. DNA origami drift markers were 
self-assembled in a one-pot reaction (40 ul total volume, 20 
nMM13mp 18 scaffold, 100 nM biotinylated staples, 530 nM 
staples with DNA-PAINT docking sites, 1x TAE with 12.5 
mM MgCl2). Self-assembled structures were purified as 
described before. DNA origamistructures for the 4-"color in 
vitro Exchange-PAINT demonstration were self-assembled 
in a one-pot reaction (40 ul total volume, 30 nM M13mp 18 
scaffold, 470 nM biotinylated staples, 400 nM staples with 
docking sites for number imaging, 370 nM core structure 
staples, 1x TAE with 12.5 mM MgCl2). Self-assembled 
structures were purified as described before. DNA origami 
structures for the 10-"color” in vitro Exchange-PAINT dem 
onstration were self-assembled in a one-pot reaction (40 ul 
total volume, 30 nM M13mp 18 scaffold, 36 nM biotinylated 
staples, 750 nM staples with docking sites for number imag 
ing, 300 nM core structure staples, 1x TAE with 12.5 mM 
MgCl2). Structures were not purified. Excessive staples are 
washed out of the sample after immobilization of the structure 
on the surface. DNA strand sequences for the microtubule 
like DNA origami structures can be found in Table 1. DNA 
strand sequences for DNA origami drift markers can be found 
in Table 2. DNA strand sequences for DNA origamistructures 
for 10-"color in vitro Exchange-PAINT demonstration can 
be found in Tables 3 and 4 for odd and even digits, respec 
tively. DNA strand sequences for DNA origamistructures for 
in vitro Exchange-PAINT demonstration (digits 0 to 3) can be 
found in Table 5. The scaffold sequence for p8064 and 
M13mp 18 correspond to SEQID NO: 882 and 883, respec 
tively. DNA-PAINT imager and docking sequences as well as 
sequences for surface attachment via Biotin are listed in Table 
6 
0319 Antibody-DNA conjugates. Antibody-DNA conju 
gates used to specifically label proteins of interest with DNA 
PAINT docking sites were preassembled in two steps: First, 
3.2 ul of 1 mg/ml streptavidin (dissolved in buffer A) was 
reacted with 0.5ul biotinylated DNA-PAINT docking strands 
at 100 uM and an additional 5.3 ul of buffer A for 30 min at 
room temperature (RT) while gently shaking. The Solution 
was then incubated in a second step with 1 Jul of monoclonal 
biotinylated antibodies at 1 mg/ml against the protein of 
interest for 30 min at RT. Filter columns (Amicon 100 kDa, 
Millipore) were used to purify the preassembled conjugates 
from unreacted Streptavidin-oligo conjugates. 
0320 Cell immunostaining. HeLa and DLD1 cells were 
cultured with Eagle's minimum essential medium fortified 
with 10% FBS with penicillin and streptomycin and were 
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incubated at 37°C. with 5% CO2. Approximately 30% con 
fluence cells per well were seeded into Lab-Tek II chambered 
cover glass 24 h before fixation. Microtubules, mitochondria, 
Golgi complex, and peroxisomes were immunostained using 
the following procedure: washing in PBS: fixation in a mix 
ture of 3% paraformaldehyde and 0.1% glutaraldehyde in 
PBS for 10 min: 3-times washing with PBS: reduction with 
s1 mg/ml NaBH4 for 7 min: 3-times washing with PBS: 
permeabilization with 0.25% (v/v) Triton X-100 in PBS for 
10 min: 3-times washing with PBS; blocking with 3% (w/v) 
bovine serum albumin for 30 min and staining overnight with 
the preassembled antibody-DNA conjugates against B-tubu 
lin, COX IV, PMP70, or TGN46 (conjugates were diluted to 
10 ug/ml in 5% BSA): 3-times washing with PBS: post 
fixation in a mixture of 3% paraformaldehyde and 0.1% glu 
taraldehyde in PBS for 10 min; and 3-times washing with 
PBS. 

0321 Super-resolution DNA-PAINT imaging of microtu 
bule-like DNA origami structures. For sample preparation, a 
piece of coverslip (No. 1.5, 1818 mm2, s.0.17 mm thick) and 
a glass slide (3x1 inch2, 1 mm thick) were sandwiched 
together by two strips of double-sided tape to form a flow 
chamber with inner volume of s20 ul. First, 20 ul of biotin 
labeled bovine albumin (1 mg/ml, dissolved in buffer A) was 
flown into the chamber and incubated for 2 min. The chamber 
was then washed using 40 ul of buffer A. 20 ul of streptavidin 
(0.5 mg/ml, dissolved in buffer A) was then flown through the 
chamber and allowed to bind for 2 min. After washing with 40 
ul of buffer A and subsequently with 40 ul of buffer B, 20 ul 
of biotin-labeled microtubule-like DNA structures (s.300 pM 
monomer concentration) and DNA origami drift markers 
(s.100 pM) in buffer B were finally flown into the chamber 
and incubated for 5 min. The chamber was washed using 40 ul 
of buffer B. The final imaging buffer solution contained 1.5 
nM Cy3b-labeled imager strands in buffer B. The chamber 
was sealed with epoxy before subsequent imaging. The CCD 
readout bandwidth was set to 1 MHz at 16 bit and 5.1 pre-amp 
gain. No EM gain was used. Imaging was performed using 
TIR illumination with an excitation intensity of 294W/cm2 at 
561 nm. 

0322 Super-resolution Exchange-PAINT imaging of 
DNA nanostructures. For fluid exchange, a custom flow 
chamber was constructed. A detailed preparation protocol can 
be found in Example 6. Prior to functionalizing the imaging 
channel with BSA-biotin, it was rinsed with 1 M KOH for 
cleaning. Binding of the origami structures to the Surface of 
the flow chamber was performed as described before. Each 
image acquisition step was followed with a brief ~1-2 min 
washing step consisting of at least three washes using 200 ul 
of buffer Beach. Then the next imager strand solution was 
introduced. The surface was monitored throughout the wash 
ing procedure to ensure complete exchange of imager solu 
tions. Acquisition and washing steps were repeated until all 
ten targets were imaged. The CCD readout bandwidth was set 
to 3 MHZ at 14 bit and 5.1 pre-amp gain. No EM gain was 
used. Imaging was performed using TIR illumination with an 
excitation intensity of 166 W/cm2 at 561 nm (Ten-"color” 
Exchange-PAINT with 3 nM Cy3b-labeled imager strands in 
buffer B, FIG. 5B(iii) and 5B(v)) and 600 W/cm2 at 647 nm. 
(Four-"color Exchange-PAINT with 3 nM ATTO655-la 
beled imager strands in buffer B, FIG. 5B(iv)). 
0323 Super-resolution DNA-PAINT imaging of cells. All 
data was acquired with an EMCCD readout bandwidth of 5 
MHz at 14 bit, 5.1 pre-amp gain and 255 electron-multiplying 
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gain. Imaging was performed using HILO illumination) 1. 
The laser power densities were 283 W/cm2 at 647 nm in FIG. 
3A, 142 W/cm2 at 647 nm and 19W/cm2 at 561 nm in FIG. 
3D. Imaging conditions: FIG.3A: 700 pMATT0655-labeled 
imager strands in buffer C. FIG. 
0324 3D: 600 pM Cy3b-labeled imager strands and 1.5 
nMATT0655-labeled imager strands in buffer C. 
0325 Super-resolution Exchange-PAINT imaging of 

cells. A Lab-Tek II chamber was adapted for fluid exchange. 
2D images (FIGS. 6B and 6C) were acquired with an 
EMCCD readout bandwidth of 5 MHz at 14 bit, 5.1 preamp 
gain and 255 EM gain. 3D images (FIG. 6) were acquired 
with a CCD readout bandwith of 3 MHZ at 154 bit, 5.1 
pre-amp gain and no EM gain. Imaging was performed using 
HILO illumination in both cases. Sequential imaging was 
done as described for the 2D origami nanostructures, but the 
washing steps were performed using buffer C. 
0326) 3D DNA-PAINT imaging. 3D images were 
acquired with a cylindrical lens in the detection path (Nikon). 
The N-STORM analysis package for NIS Elements (Nikon) 
was used for data processing. Imaging was performed with 
out additional magnification in the detection path, yielding 
160 nm pixel size. 3D calibration was carried out according to 
the manufacturers instructions. 
0327 Imager strand concentration determination. Opti 
mal imager concentrations are determined empirically 
according to the labeling density. Generally, a high enough 
fluorescence OFF/ON-ratio has to be ensured in order to 
guarantee binding of only a single imager strand per diffrac 
tion-limited area. Additionally, a Sufficient imager Strand con 
centration (and thus sufficiently low fluorescence OFF-time) 
is necessary to ensure Sufficient binding events and thereby 
robust detection of every docking strand during image acqui 
sition. 
0328 Super-resolution data processing. Super-resolution 
DNA-PAINT images were reconstructed using spot-finding 
and 2D-Gaussian fitting algorithms programmed in Lab 
VIEW 10. A simplified version of this software is available for 
download at the DNA-Paint website (org suffix). 
0329 Normalized cross-correlation analysis. Normalized 
cross-correlation coefficients were obtained by first normal 
izing the respective reconstructed gray-scale Super-resolution 
images and Subsequently performing a cross-correlation 
analysis in MATLAB R2013b (MathWorks, Natick, Mass., 
USA). 
0330 Drift correction and channel alignment. DNA 
origami structures are used for drift correction and as align 
ment markers in in vitro DNA-PAINT and Exchange-PAINT 
imaging. Drift correction was performed by tracking the posi 
tion of each origami drift marker throughout the duration of 
each movie. The trajectories of all detected drift markers were 
then averaged and used to globally correct the drift in the final 
Super-resolution reconstruction. For channel alignment 
between different imaging cycles in Exchange-PAINT, these 
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structures are used as alignment points by matching their 
positions in each Exchange-PAINT image. For cellular imag 
ing, 100 nm gold nanoparticles (Sigma Aldrich;10 nM in 
buffer C, added before imaging) were used as drift and align 
ment markers. The gold nanoparticles adsorb non-specifi 
cally to the glass bottom of the imaging chambers. Drift 
correction and alignment is performed in a similar fashion as 
for the origami drift markers. Again, the apparent movement 
of all gold nanoparticles in a field of view is tracked through 
out the movie. The obtained trajectories are then averaged and 
used for global drift correction of the final super-resolution 
image. For the dual-color image of mitochondria and micro 
tubules in FIG. 3D-3F, the gold particles are visible in both 
color channels. The same gold nanoparticles are also used for 
drift-correction and re-alignment of the different imaging 
rounds in the in situ Exchange-PAINT experiments (FIG. 6). 
0331 Transmission electron microscopy imaging. For 
imaging, 3.5ul of undiluted microtubules-like DNA struc 
tures were adsorbed for 2 minutes onto glow-discharged, 
carbon-coated TEM grids. The grids were then stained for 10 
seconds using a 2% aqueous ultra-filtrated (0.2 um filter) 
uranyl formate solution containing 25 mM NaOH. Imaging 
was performed using a JEOL, JEM-1400 operated at 80 kV. 
0332 Atomic force microscopy imaging. Imaging was 
performed using tapping mode on a Multimode VIII atomic 
force microscope (AFM) with an E-scanner (Bruker). Imag 
ing was performed in TAE/Mg2+ buffer solution with DNP-S 
oxide-sharpened silicon nitride cantilevers and SNL sharp 
nitride levers (Bruker Probes) using resonance frequencies 
between 7-9 kHz of the narrow 100 um, 0.38 N/m force 
constant cantilever. After self-assembly of the origami struc 
ture s20 ul of TAE/Mg2+ buffer solution was deposited onto 
a freshly cleaved mica surface (Ted Pella) glued to a metal 
puck (Ted Pella). After 30s the mica surface was dried using 
a gentle stream of N2 and 5 ul of the origami solution was 
deposited onto the mica surface. After another 30s, 30 ul of 
additional buffer Solution was added to the sample. Imaging 
parameters were optimized for best image quality while 
maintaining the highest possible setpoint to minimize dam 
age to the samples. Images were post-processed by Subtract 
ing a 1st order polynomial from each scan line. Drive ampli 
tudes were approximately 0.11 V, integral gains s2, and 
proportional gains s4. 
0333. In Tables 1-5 below, each oligonucleotide position 
in a described structure is set forth. Each oligonucleotide 
position (e.g., nnnn) in the first column is separated by a 
comma and corresponds respectively to a sequence identifi 
cation number in the second column within the same row. 
Each sequence identification number identifies a correspond 
ing oligonucleotide sequence in the attached sequence listing, 
incorporated by reference herein. For example, in Table 1, 
position 03921.39 corresponds to the oligonucleotide rep 
resented by SEQID NO: 1; position 0.79.179 corresponds 
to the oligonucleotide represented by SEQID NO: 2, and so 
forth. 

TABLE 1 

Staple sequences for microtubule analog DNA structure. 

Position* 

O 3921.39), O791 (79), 0.16722168), O 
1241824, 1961795), 1120) 1151), 1 
792371), 2 

1 
1 

2 
52) 19167), 2392355), 

1033119, 212731143), 219923207), 22315231), 

Sequence 
Identifiers Description 

99.2200), 02392.1231), SEQID NO: 1-SEQ Structure 
ID NO: 178 Strand 
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TABLE 1-continued 

Staple sequences for microtubule analog DNA structure. 

Sequence 
Position* Identifiers Description 

163131,356] 1955), 380280), 312O24(128), 31685.175,471587), 
13522120, 42076184,5162216), 5322531), 552355), 
8823(103), 51524-136), 517622184), 695472), 61278120), 
15122144), 615926.160), 6.1832.184), 62074208), 623 24208), 

39|1131), 
12, 
2723), 

327,191), 
91163), 
72)3O80), 

6416), 748551), 7802595), 7112696), 717625191, 
95) 1280), 81591.0160, 81918.160),948.2563),9104.24 
120 ,913624144), 9.17611191, 920825223), 10 

1055840), 10952795), 10.135)26112), 10159.27(159), 10 
10215 19226,208), 12312923), 1255.2832), 12 
12119) 16120), 12183.29.191, 1221527.215), 13402755), 
131049.103), 1314417159), 1316825.183), 13216) 14:224), 
14.SS 87|2872), 141 1915.135), 1422330208), 15322955), 
1580) 1880), 1596.28.104), 1516028168, 1611931.111), 
1614330,120, 1619114-160), 1620719.207) 1623929.231 
1724 7401856), 1764) 1456), 1716031175), 172 
1855 2179), 18111096, 181833.0160, 1823 
1956 9963096, 191683.167), 1919230,184), 
20159.21135), 2022321199), 2116123), 2140432), 21802296), 
211362128, 21200 1215), 212326232), 2295379), 221192104), 
22143 , 22.1677(175), 22.18318184), 22.20721223), 2356155), 
2372,2456), 231045103), 23.208.22208), 2479779), 24-1279.135), 
24-1435151), 2423126216), 25.642480), 2522410216), 
261.59 , 26.2076208), 262397247), 2796) 1096] 2711214-120), 
27136 , 28.19115.183), 2956) 1579), 29.13627.135), 

2 
1 

1 O 3 

86 s9 1 

4 O 1 4 

431239), 
2232), 
O830.224), s 4 O 7 9 

2 
5 9 

7 
2 
5 

29.192 , 29.23228216), 30.951488), 301 1929.135), 
301.83 , 3020717223), 30223) 15239, 311121119), 
31144) 19143), 1560 (40), 1801995), 1216O200), 2183.19.191 
51046128,863) 1056), 98O864), 1164.1979), 1121619239), 
1415915 5184) 16208), 1796.15 (95), 19128) 18112), 
1914419127), 2455747), 24.1117111, 24-1836.160), 24.2078.192), 
2532.947), 25968|96), 251929.207), 2732) 1032), 271609|175), 
30631763), 30791080), 30159) 16144, 3132) 1531), 31176O168), 
13136) 12120), 15136] 13135 2724) 1339), 2756) 1256), 2721612216), 
28711371), 28.10313103), 28.16713167), 28.21512184) 
1560 (40), 1801995), 1216O200), 218319.191, 51046128), SEQID NO: 179-SEQ DNA-PAINT, 
863. 1056),98O864), 1164.1979), 1121619239), 14159.15159), ID NO: 2O6 docking site 
15184) 16208), 1796) 1595), 19128 18112, 1914419127, 2455747), 
241117111, 24-1836.160), 24.2078.192], 2532.947), 25968|96), 
251929.207), 2732) 1032), 271609|175), 3063) 1763), 30.79)080), 

5 

: 2 

30159) 16144, 3132) 1531), 31176O168) 
29210), 4156248), 5232515), 6.247315,724824232,924O)11(7), SEQID NO: 207-SEQ Connector 
1182523), 13826240), 142316240), 1524O288), 17818240), ID NO: 225 strand 
1930.248), 22.152115, 2423.715), 27237|137), 28.727236), 
30|23177), 31163115), 31240O240 
13136) 12120), 15136] 13135), 2724) 1339), 2756) 1256), 2721612216), SEQID NO: 226-SEQ 3'-Biotin, 
2871) 1371), 28.103 13103), 28.167 13167), 28.215 12184) ID NO: 234 docking site 

TABLE 2 

Staple sequences for drift markers. 

Sequence 
Position* Identifiers Description 

111195), 0.1431127), O1750144), 02071191), 0239) 1223), SEQ ID NO: 235-SEQ DNA-PAINT, 
32331, 196395), 1224.3223, 2791080), 211110.112), 21431159), ID NO: 402 docking site 

s 595), 31604144), 

O 
1. 
21750.176), 22070208), 332531), 396 
3224.5223), 41433.159, 532731), 596795), 52247223), 647448), 
6794-80), 61114-112), 61435 (159), 61754-176), 62074208), 
62394240), 62714272), 732931), 796995), 716O18144), 
7|224|9223), 81437.159,932) 1131,964) 1163,996) 1195), 
9128 11127,91921 1191), 9224|11223), 925611255), 1047848), 
1079880), 101118112), 10.1439159), 101758.176), 10.2078.208), 
102398240), 102718272), 1214311159), 1332) 1531), 1364) 1563), 
13961595), 1312815127), 1319215191, 13224) 15223), 
1325615.255), 1427112272), 1532) 1731), 1596) 1795), 151601 
15|224|17|223), 1614315159), 1732) 1931, 1796) 1995), 172241 
184716 (48), 18791680), 1811116112, 1814317159), 181751 
1820716208), 18239) 16240), 1827116272, 19322131, 1996) 

6 
6 
7 
6 
6 

144, 
223), 
176) 
95) 1 

23 
76 
95 s 
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TABLE 2-continued 

Staple sequences for drift markers. 

Sequence 
Position* Identifiers Description 

19 
21 
22 

16O20 224-21 
16022 22423 

21 7520 
20 642280), 

9222 
1331 
92.13 
128O 

23912 

143) 19159), 2196.2395), 
47|2048), 2279.2080), 221 1120.112), 
207,20208), 22239.20240), 

96.22112), 2312823159), 
56963), 71209127), 71849,191), 
1363), 1196) 1395), 11128) 13127), 
224|13223), 11256,13255), 

112112), 1414313159), 14.17512176, 
12023127, 2118423191, 

1 
5 

143 
22271 

2316022 
72489.255), 11 
1116O12144, 11 
1447 1248), 1479 
14207) 12208), 14 
11602144, 447248), 479280), 41112112), 4.1752176, 
42072208), 4239|2240 2272), 51606144), 8476(48), 
879)680), 81116112,81756.176), 82076208), 82396240), 
82716272,916O)10144), 48), 1279) 1080), 1211110.112), 
12175) 10176), 1220710 240), 1227110 
1316014144), 1647.1448), 16 , 1611114112 
16207 14208), 1623914 272, 1716O18 
20471848, 20791880 , 2017518.176), 2020718208), 
20239) 18240, 2027118 131,079) 163), O2711255), 
247048), 223910240), 2271 , 21322331, 21.56 
21248.23255), 23322248), 23.22422 

O 
O 
4 
2 

46 
18 

16 
15 

3656 
12720 
4464 
12818 

120, 18 

128, 15 

, 41276.12O), 4.191 

, 11284.128, 1 

6 42556248, 1863 
1912O184), 

1924 
192), 

2 4 8 

, 1564 25 
2 : 2 5 6 1921.8 

3 

240), 23256.22272 
O SEQ ID NO:4 

ID NO: 410 

SEQ ID NO:4 
ID NO: 418 

03-SEQ 5'-Biotin 
modification 

11-SEQ Structure 
Strand 

TABLE 3 

Staple sequences for DNA origami structures for 10-"color” in vitro Exchange 
PAINT demonstration (odd digits). 

Sequence Description 
Position* Identifiers (number) 

O111) 195), 0.1431127), 0.1750144), O791.63), 11602144, 247048), SEQID NO:419-SEQ 5, 9 
31604144), 51606144), 71608144) ID NO: 427 
102718272), 11160) 12144, 1227110272), 1316O14144), SEQID NO: 428-SEQ 3, 5, 9 
1427112272), 1516O16144), 1627114-272), 1716O18144), ID NO: 445 
1827116272), 1916O20144), 227110272), 20271) 18272), 
2116022144, 22.27120272), 42712272), 62714-272), 82716272), 
916O)10144) 
O(47131), 132331, 1132) 1331), 1332) 1531), 1532) 1731), SEQID NO:446-SEQ 3, 5, 7, 9 
1732) 1931, 1932.2131, 332531), 532731), 732931,932) 1131) ID NO: 456 
2112023.127), 21562363), 2196.2395), 23322248), 2364.2280), SEQID NO:457-SEQ 1,3,7,9 
2396.22112 ID NO: 462 
2118423191, 2122423.223), 2124823255), 21322331), SEQID NO: 463-SEQ 1, 3, 5, 7, 9 
2312823159), 2316O22176), 2319222208), 23.22422240), ID NO: 471 
23|256.22272 
21110.112), 2790.80 SEQID NO:472-SEQ 9 

ID NO: 473 
02071191), 0239) 1223), O2711255), 11284-128), 11924-192), SEQID NO:474-SEQ Structure 
1224.3223), 1256,4256), 164464), 196395), 101118112), ID NO: 594 staple 
10.1439159), 101758,176), 10.2078.208), 102398240), 1047848), 
1079880), 11128) 13127, 11192] 13191, 11224) 13223), 
11256)|13255), 1164) 1363), 11.961395), 1211110.112), 1214311159), 
12175 10176), 1220710,208), 1223910240), 1247 1048), 1279) 1080), 
1312815127), 1319215191, 13224) 15223), 1325615.255), 
1364) 1563), 13961595), 1411112112), 14-14313159), 14.17512176, 
14207) 12208), 14239) 12240), 1447 1248), 1479) 1280), 15128.18.128), 
15192) 181921, 15224|17|223, 1525618256), 15641864), 1596) 1795), 
1611114-112), 1614315159), 1617514-176), 16207 14208), 
16239) 14240), 1647.1448), 1679.1480), 17224) 19223, 1796) 1995), 
1811 116112), 1814317159), 18175 16176), 1820716208), 
18239) 16240), 184716 (48), 1879) 1680), 19224.21223, 19962.195, 
21431159), 2175 10176), 22070208), 223910240), 2011 118112), 
2014319159), 2017518.176), 20207 18208, 20239) 18240, 
20471848, 20791880), 221 1120.112), 2214321159), 22.17520176), 
22207,20208), 22239.20240), 2247.2048), 2279.2080), 3224.5223), 
3.965 (95), 41112112), 41433.159,41752176, 42072208), 
4239|2240), 447248), 479280), 52247223), 596795), 61114-112), 
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TABLE 3-continued 

Staple sequences for DNA origami structures for 10-"color” in vitro Exchange 

33 

PAINT demonstration (odd digits). 

Position* 

61435.159, 61754-176), 62074208), 62394240), 6.47448), 
6794-80), 71209.127), 71849.191,7224|9223), 72489.255), 
756963), 796995), 811 16112,81437.159,81756.176), 
82076208), 82396240), 847648), 87968O, 9.12811127), 
919211191),9224) 11223), 92561 1255,964) 1163,996) 1195) 
463656), 41276.120,41916184,42556248, 1863,2056), 
18127 20120), 181912O184, 18255)2O248) 

7 

7 

TABLE 4 

Sequence 
Identifiers 

Description 

(number) 

SEQID NO. 595-SEQ 5'-Biotin 
ID NO: 602 

Staple sequences for DNA origami structures for 10-"color in vitro Exchange 
PAINT demonstration (even digits). 

Position* 

602144, 1116O12144, 1316O14144), 1516O16144), 
7 

608144),916O)10144) 
22423.223), 2124823255 

18423191, 2316022.176), 2319222208), 23.22422240) 
32331, 1132) 1331), 1332) 1531), 1532) 1731, 1732) 1931), 

2 32531), 532731), 7329(31,932) 1131) 
2O71 
271) 
239O24O2 
2714-272), 82716272 
322331, 21562363), 2196.2395), 23322248), 2364.2280), 
962 
750 

34 
44), O47131), 2312823159), 23256.22272 

256'4256), 164464), 
O1758,176), 10.2078.208), 

28, 11924-192), 1224.3223, 1 
1118112), 10.1439159), 1 

, 1047848), 1079880), 11 
3, 11256,13255), 1164) 136 
9, 12175 10176), 12207 

791080), 1312815 

3 
208), 1223910240), O 

7, 13 
64 1563), 13961595), 14 
20712208), 14239) 12240 
9218.1921, 15224|17223 

2, 16 

3 
4 
15 25618256) 

, 1596) 1795), 1611114-11 
6 
1 
8 

23914240), 1647.1448 
16112, 1814317159 

23916240), 18471648 

6 
, 18175 16176), 

8 

8, 20239) 18240, 204718 
9, 22.17520176), 22.20720 
, 22.79.2080, 3224.5223), 3 
, 4.1752176, 42072208), 4239 

1 
6 
7 

9|20240), 
1112112), 

240, 447248, 
, 61435 (159), 

61754 8), 6794-80), 
7|1209.127), 71849,191), 7|224|9223), 72489.255), 756963), 
796995), 81 116112,81437.159,81756.176), 82076208), 
82396240), 847648,87968O, 9.128 11127), 919211191), 
9 
4 
1 

479,380,5234,733,596795,611 
76), 62074208), 62394240), 

|224|11223,92561 1255,964) 1163,996.11 
63656), 42556248), 41916184,41276.120, 1863|2056), 
8.255.20(248), 181912O184, 18127 2012O), 

43) 1127), O791.63), 2111101 12, 247048), 2791080), 

3 

91), 0239) 1223), O2711255), 102718272), 1227110272), 
2272), 1627114272), 1827116272), 2175,0176), 22070208), 

27110272), 20271) 18272), 22.27120272), 42712272), 

28|13127, 11192] 13191, 

16O18144, 1916O20144), 2116022144, 316O4144), 51606144), 

, 11.961395), 1211110.112), 

215191, 13224|15223), 
112112), 14143|13159), 

l, 1447 1248), 1479) 1280), 
5 

43) 15159), 1617514-176), 
79) 1480), 17224) 19223), 

791680), 1922421.223), 
, 21431159, 2011 118112, 2014319159), 2017518.176), 

1880), 22111|20112), 

Sequence 

SEQ 

SEQ 

SEQ 

SEQ 

SEQ 

SEQ 

SEQ 

S 

entifiers 

D NO: 
D NO: 613 

D NO: 
D NO: 615 

D NO: 
D NO: 625 

D NO: 
D NO: 635 

D NO: 
D NO: 652 

D NO: 
D NO: 658 

D NO: 
D NO: 662 

D NO: 
D NO: 

DNO: 778 

603-S 

614-S 

606-S 

626-S 

636-S 

653-S 

659-S 

663 
664-S 

EEEE 
Description 
(number) 

2, 4, 6, 8 

O, 4, 8 

O, 4, 6, 8 

O, 2.8 

0, 2, 6, 8 

0, 2, 4, 8 

0, 2, 4, 6, 8 

0, 2, 4 
Structure 
Staple 

SEQ ID NO: 779-SEQ 5'-Biotin 
ID NO: 786 

Jun. 9, 2016 
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TABLE 5 

Staple sequences for DNA origami structures for in vitro Exchange-PAINT 
demonstration (digits 0 to 3 

Sequence Description 
Position* Identifiers (number) 

247048), 2791080), 211101 12, 21431159), 2175 10176), SEQ ID NO: 787-SEQ O 
22070208), 223910240), 647448), 62394240), 10471848), ID NO: 808 
102398240), 1447 1248), 14239) 12240), 184716 (48), 18239) 16240), 
224720.48), 22.79.2080), 221 1120.112), 2214321159), 22.17520176), 
22207,20208), 22239.20240 
964) 1163,996) 1195,9128 11127), 91921 1191), 9224|11223), SEQ ID NO:809-SEQ 1 
9|256112 
11192.13 

55), 1164) 1363), 1196) 1395), 11128 13127, 11160) 12144, ID NO: 832 
1911, 11224|13223, 11256,13255), 1247 1048), 1279) 1080), 

1211110.112), 12175 10176), 1220710,208), 1223910240), 
1316014144), 1479) 1280), 1411112112), 14.17512176, 
14207) 12208 
O1750144), 02071191), 0239) 1223), O2711255), 132331), SEQ ID NO: 833-SEQ 2 
41433159), 42712272), 532731), 81437.159,82716272), ID NO: 857 
932) 1131), 1214311159), 1227110272), 1332) 1531), 1614315159), 
1627114272), 1732) 1931, 2014319.159, 20271) 18272), 21322331), 
21562363), 2196.2395), 2112023127, 2116022144, 23256.22272 
O(47131), 227110272), 332531), 61435.159, 62714272), 732.931), SEQ ID NO: 858-SEQ 3 
10.1439159), 102718272), 1132) 1331), 14-14313159), 1427112272), ID NO: 881 
1532) 1731, 1814317159), 1827116272, 19322131, 1916O20144), 
2227120272), 23322248), 2364.2280), 2396,22112), 2312823159), 
2316022.176), 2319222208), 23.22422240) 

TABLE 6 

DNA-PAINT docking and imager sequences and biotin docking sequence 

SEQ ID 
Description NO : Sequence 

mager P1* 884 5' - CTAGATGTATdye 

mager P2* 885 5'-TATGTAGATC-dye 

mager P3 * 886 5' - GTAATGAAGA-dye 

mager P4* 887 5' - GTAGATTCAT-dye 

mager P5* 888 5' - CTTTACCTAA-dye 

mager P6* 889 5' - GTACTCAATT-dye 

mager P7* 890 5'-CATCCTAATT-dye 

mager P8* 891. 5' - GATCCATTAT-dye 

mager P9* 892 5' - CACCTTATTA-dye 

mager P10* 893 5'-CCTTCTCTAT-dye 

mager P11* 894 5' - GTATCATCAA-dye 

mager P12* 895 5' - GAATCACTAT-dye 

9nt P1 docking site 896 Stranc-TTATACATCTA-3' 

9nt P2 docking site 897 Stranc-TTATCTACATA-3' 

1 Ont P2 docking site 898 Stranc-TTGATCTACATA-3' 

9nt P3 docking site 899 Stand-TTTCTTCATTA-3' 

9nt P4 docking site 9 OO Stranc-TTATGAATCTA-3' 

9nt P5 docking site 901 Stranc-TTTTAGGTAAA-3' 

9nt P6 docking site 902 Stranc-TTAATTGAGTA-3' 

9nt P7 docking site 903 Stranc-TTAATTAGGAT-3' 
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TABLE 6-continued 

Jun. 9, 2016 

DNA-PAINT docking and imager sequences and biotin docking sequence 

SEQ ID 
Description NO : Sequence 

9nt P8 docking site 904 Stranc-TTATAATGGAT-3' 

9nt P9 docking site 905 Stranc-TTTAATAAGGT-3' 

9nt P10 docking site 906 Strand-TTATAGAGAAG-3' 

9nt P11 docking site 9. Of Stranc-TTTTGATGATA-3' 

9nt P12 docking site 908 Stranc-TTATAGTGATT-3' 

Biotinylated P1 docking 909 Biotin-TTATACATCTA-3' 
site for antibody coupling 

Biotinylated P2 docking 910 Biotin-TTATCTACATA-3' 
site for antibody coupling 

Biotinylated P3 docking 911 Biotin-TTTCTTCATTA-3' 
site for antibody coupling 

Biotinylated P4 docking 912 Biotin-TTATGAATCTA-3' 
site for antibody coupling 

Biotinylated docking site for 913 
microtubule-like structure 
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SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 913 

SEO ID NO 1 
LENGTH: 32 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE; 
OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs SEQUENCE: 1 

aggccacct c accagttcaa cagtgg.cgitt tt 

SEO ID NO 2 
LENGTH: 32 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE; 

OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs SEQUENCE: 2 

cgtcaaaggg caaaacatt ctggc catcc ac 

SEO ID NO 3 
LENGTH: 48 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE; 

OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs SEQUENCE: 3 

36 

agaatgcgca gcgcagtact tatagct cac acattcaact tcat aacc 

SEO ID NO 4 
LENGTH: 32 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE; 

OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs SEQUENCE: 4 

Ccttacacag caaatcgttt gggtggtaala ac 

SEO ID NO 5 
LENGTH: 4 O 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE; 
OTHER INFORMATION: Synthetic Polynucleotide 

Jun. 9, 2016 
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- Continued 

<4 OOs, SEQUENCE: 5 

aatt cqcgtc. toggcctagot ttcacagg to agtacctitta 4 O 

<210s, SEQ ID NO 6 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 6 

tggcagatga gtaaaaaatc gccatattta actgtaattt aggacaac 48 

<210s, SEQ ID NO 7 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 7 

cacgctggitt aaacgggtaa acaatttggg aaggcttgca catcggaa 48 

<210s, SEQ ID NO 8 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
& 22 O FEATURE; 
<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 8 

acgggcaa.ca gctgggtttctgc.ca.gcact Ca 32 

<210s, SEQ ID NO 9 
&211s LENGTH: 29 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 9 

gacgat.cgcg ggcctgggala gaaaaatct 29 

<210s, SEQ ID NO 10 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 10 

gtctgaaaaa Caggaagaag gct tcgggta ggaat catta cc.gc.gc.cc 48 

<210s, SEQ ID NO 11 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 11 

aagagacaga gatagaga cc taaaaatca agctattittg 4 O 
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- Continued 

<210s, SEQ ID NO 12 
&211s LENGTH: 31 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 12 

gtttgatgaa ticggcaaaat ttgcg tattgg 31 

<210s, SEQ ID NO 13 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 13 

ttitt cacc cc taaaacaaag aataa.gcacc attacagcgt cagactgt 48 

<210s, SEQ ID NO 14 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 14 

ggcatcaggg aggtgtcgag gCatatagcg agaggctitat 4 O 

<210s, SEQ ID NO 15 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 15 

ttaaatgtca acccgt.cggc gcatalaatta ttct c cqtgg cqgattga 48 

<210s, SEQ ID NO 16 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 16 

at Cacc cagc cattgctgga t tatgaacgc gaagggctta gaacaaag 48 

<210s, SEQ ID NO 17 
&211s LENGTH: 44 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 17 

acct tctacc c tactg.cggg atc.ttaccag tataaagaaa aagc 44 

<210s, SEQ ID NO 18 
&211s LENGTH: 32 
&212s. TYPE: DNA 
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- Continued 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 18 

gagtgttgtt Ctc.cgagtgg toagtttgga ac 32 

<210s, SEQ ID NO 19 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 19 

gcgc.cagggit ggtcgtgagg caagaatta tottcaa.cag 4 O 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 2O 

atcc cacggc agcaa.ccgca agaaatgact ttagaacgt 4 O 

<210 SEQ ID NO 21 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 21 

agaatacgag cqtaaatcgt cqct attaat ta 32 

<210s, SEQ ID NO 22 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 22 

c cct cq.gc.ca acgc.gcaact aaagtaataa tt 32 

<210s, SEQ ID NO 23 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 23 

tatgagcatc agcggggcgc titt ct aaccg to atctgcc 4 O 

<210s, SEQ ID NO 24 
&211s LENGTH: 48 

&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 
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- Continued 

<4 OOs, SEQUENCE: 24 

atcggc ctitg ctggtacaat attat caata at atc.cggta ttct c cca 48 

<210s, SEQ ID NO 25 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 25 

atat ct atta t ctdgt cagt toggctitat ct aatctitt cot taccgcac 48 

<210s, SEQ ID NO 26 
&211s LENGTH: 34 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 26 

cgcgaactga ttggcacaga caatatatgg aaat 34 

<210s, SEQ ID NO 27 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
& 22 O FEATURE; 
<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 27 

attitt.ccctic aaaagaaaag got coaaaag ga 32 

<210s, SEQ ID NO 28 
&211s LENGTH: 30 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 28 

cgtaatctgc Caacggccac agttgaggat 3 O 

<210s, SEQ ID NO 29 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 29 

Cagcgtggtg Ctgcaggt cattggaalacca aaagtaagag 4 O 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 30 

gctatatgtg agtgaaaatt tottatagcc cdagatagta 4 O 
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- Continued 

<210s, SEQ ID NO 31 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 31 

titt C cagtaa tagtgagct aactgagc.cg galagcataaa 4 O 

<210s, SEQ ID NO 32 
&211s LENGTH: 38 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 32 

titt.ccc.gttcaactittaatc attittatgcg attgtaaa 38 

<210s, SEQ ID NO 33 
&211s LENGTH: 44 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 33 

at agctggaa attggaggitt t cc ct cagaa cagtatatat acgc 44 

<210s, SEQ ID NO 34 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 34 

agttittaaga cataatctg gt cacaacca gcttacggct atgc.cggg 48 

<210s, SEQ ID NO 35 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 35 

gcgcatcggc act caatc.cg ccgggcaacg ggaac agcgg ttgcgg 46 

<210s, SEQ ID NO 36 
&211s LENGTH: 39 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 36 

at aggt cacg ttggtgggag caaagagcgg aatcgt.cat 39 

<210s, SEQ ID NO 37 
&211s LENGTH: 32 
&212s. TYPE: DNA 
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<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 37 

gaggaaggaa at Caacgaaa cca accgttg cc 32 

<210s, SEQ ID NO 38 
&211s LENGTH: 36 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 38 

aaattaaacg ccaccct caa totaatagt ct ttaatg 36 

<210s, SEQ ID NO 39 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 39 

tacataaatc aattagittat cagcatcaat ag 32 

<210 SEQ ID NO 40 
&211s LENGTH: 31 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 4 O 

gggtgcct cq gga aacctaa acatagdgat a 31 

<210s, SEQ ID NO 41 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 41 

t cagagggga cacgattitt gcc at agtaa aa 32 

<210s, SEQ ID NO 42 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 42 

tgctgatctt taggagtaga taatcagagg gttittgalacc 4 O 

<210s, SEQ ID NO 43 
&211s LENGTH: 48 

&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 
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<4 OOs, SEQUENCE: 43 

tgacctittaa ttaatt cata togg toggctt agataactat atggaatt 48 

<210s, SEQ ID NO 44 
&211s LENGTH: 30 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 44 

gct cacaaaa cqcggit cogt tta agggtaa 3 O 

<210s, SEQ ID NO 45 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 45 

cggcct Cagg aag.cgctggc agcct Coggit cc 32 

<210s, SEQ ID NO 46 
&211s LENGTH: 31 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
& 22 O FEATURE; 
<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 46 

Ctagt cagag gcgaagagcc caacgctaac g 31 

<210s, SEQ ID NO 47 
&211s LENGTH: 39 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 47 

t catatgctic atttggtgta aagagacgtt agagtgaga 39 

<210s, SEQ ID NO 48 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 48 

cc.gc.ca.gcac cct catgaaa cagcaaaaaa atc.ccgtaaa atttgtac 48 

<210s, SEQ ID NO 49 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 49 

ggttggcc.gt t ccggcatt C Cacatttcgc Caagtacgct 4 O 
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<210s, SEQ ID NO 50 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 50 

cgitat.cgcac to Cagcggat aagtagctica aa 32 

<210s, SEQ ID NO 51 
&211s LENGTH: 29 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 51 

gagggit aaga gatcc.gtc.ca at actgaat 29 

<210s, SEQ ID NO 52 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 52 

gaggatttag aagtatttaa atcca attga gctgagttaa 4 O 

<210s, SEQ ID NO 53 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 53 

gtgccacgtt tdcacgagcc taatttgc cc tdaacaag.ca cat cacct 48 

<210s, SEQ ID NO 54 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 54 

acct ttittaa ccaagaaaca tot cittaaaa cqaaaagcca gcgc.caaa 48 

<210s, SEQ ID NO 55 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 55 

atcgacatgg atcaaactta aattgagacg catttgtaac 4 O 

<210s, SEQ ID NO 56 
&211s LENGTH: 46 
&212s. TYPE: DNA 
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<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 56 

agittaaacga tigctgaaaag cc.gagaaccg catgt accgt aacgga 46 

<210s, SEQ ID NO 57 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 57 

cgcttctgcc aggcaa.gc.cg tcgagaaccg cct coct cag 4 O 

<210s, SEQ ID NO 58 
&211s LENGTH: 31 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 58 

tgcaa.ccgtt ctagotgata ctitt.ccggca c 31 

<210 SEQ ID NO 59 
&211s LENGTH: 30 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 59 

t cac catcaa tatgat attc ggg to aggtt 3 O 

<210s, SEQ ID NO 60 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 60 

ggittagc.ccg aacgtt attt togtaataa gattagagag 4 O 

<210s, SEQ ID NO 61 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 61 

agaaataata gattittatat tatttatcca gcgcattaga 4 O 

<210s, SEQ ID NO 62 
&211s LENGTH: 46 

&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 
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<4 OOs, SEQUENCE: 62 

att cattt ca acatat caaa gacaccacgg tottt coagt aacaaa 46 

<210s, SEQ ID NO 63 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 63 

tggtgaagag acggtctgta gcatgacaac git caccalatg gtacaacg 48 

<210s, SEQ ID NO 64 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 64 

attcqc.ca.gc aactgtc.gcc accccaccct cagagcc cat 4 O 

<210s, SEQ ID NO 65 
&211s LENGTH: 30 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
& 22 O FEATURE; 
<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 65 

aaaaaagggit gagaatagga ttagcgggtg 3 O 

<210s, SEQ ID NO 66 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 66 

ctgttgcgag aaaaatacca gttacaaaat aa 32 

<210s, SEQ ID NO 67 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 67 

atcgc.gcaga ggctaaaa.ca tttgcagtic gat caccgtc 4 O 

<210s, SEQ ID NO 68 
&211s LENGTH: 44 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 68 

gaggcgcgga tag cct cata ggat.ctaaag titt atttatc aaaa 44 
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<210s, SEQ ID NO 69 
&211s LENGTH: 45 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 69 

aactittgatg agttitccacc gtaacagaat accoggatatt cacgg 45 

<210s, SEQ ID NO 70 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 7 O 

gtagctgctt cagcagcacc accggagggit tagc.ccgga at aggtaa 48 

<210s, SEQ ID NO 71 
&211s LENGTH: 50 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 71 

ttittagaacc ct cqcaaaat taa.gcaatag caaggcaaag aattaatata SO 

<210s, SEQ ID NO 72 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 72 

Cagtaacaca t cqggataaa taaggcgc.ca git 32 

<210s, SEQ ID NO 73 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 73 

caattgaata ccaagt citta ttacagdaaa cq 32 

<210s, SEQ ID NO 74 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 74 

tccatgttta tttgtat cat cqcct gataa at 32 

<210s, SEQ ID NO 75 
&211s LENGTH: 45 
&212s. TYPE: DNA 
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<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 75 

ttittaaatgc aatgcc tdag taataagagg ctgagtaact atttic 45 

<210s, SEQ ID NO 76 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 76 

gcaatt catc attittagtac cataggacaa tocaaataag 4 O 

<210s, SEQ ID NO 77 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 77 

ttgctagaaa tittaatggitt talacagcag caaaga cag gggagtta 48 

<210 SEQ ID NO 78 
&211s LENGTH: 36 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 78 

aaactttitt c aaataactta gcaaatattt coacag 36 

<210s, SEQ ID NO 79 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 79 

cgggaacgga t cagottacg caactittgcc act caga cat 4 O 

<210s, SEQ ID NO 8O 
&211s LENGTH: 36 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 80 

gagattittag ttaatgcaac ggaattatta gcaaaa 36 

<210s, SEQ ID NO 81 
&211s LENGTH: 4 O 

&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 
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<4 OOs, SEQUENCE: 81 

citt cat catg acaaga caag tittgc ctittc attagcaagg 4 O 

<210s, SEQ ID NO 82 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 82 

Caatgtgctg. Caaggcgatt t cagaggtgg agtgc catct ct caccgg 48 

<210s, SEQ ID NO 83 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 83 

acattt cqat tcc caattct gcgg tacggt gtctggaaat tctgta 46 

<210s, SEQ ID NO 84 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
& 22 O FEATURE; 
<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 84 

aacatccaag gtgttagt ct ctda 24 

<210s, SEQ ID NO 85 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 85 

aataacagag gcatttaata agagaaaaac agtaatcctg attgttcaa 48 

<210s, SEQ ID NO 86 
&211s LENGTH: 47 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 86 

tcgagttacg tcaaaaagga aaccgaggaa acgcaataag galaccgg 47 

<210s, SEQ ID NO 87 
&211s LENGTH: 37 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 87 

t caccctata ccgacaagac totaccagat gaatata 37 
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<210s, SEQ ID NO 88 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 88 

c cagtgccaa gcttaac cat agc.cggtcac ca 32 

<210s, SEQ ID NO 89 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 89 

gatgcatcaa ttctactaaa gccaattcac aa 32 

<210s, SEQ ID NO 90 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 90 

aat cataatt acaacaaacg cctagocaac gocacacgac gct caatc 48 

<210s, SEQ ID NO 91 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 91 

aaggcc.gctg. cc.gcatgc cc agittatacaa atggttittga agcgttgc 48 

<210s, SEQ ID NO 92 
&211s LENGTH: 45 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 92 

aggctttgac tttitt catgt aacgc.ctggc cct gaga.gag ttgca 45 

<210s, SEQ ID NO 93 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 93 

titt.cccagtic acgacgttgt aaaag cattt toccc.ttatt 4 O 

<210s, SEQ ID NO 94 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
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<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 94 

aaccagacct ctittaacg.cg tdaat catta acattttaca 4 O 

<210s, SEQ ID NO 95 
&211s LENGTH: 37 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 95 

ctgtttagta t catattittg cqtaacggaa aactggc 37 

<210s, SEQ ID NO 96 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 96 

cgc.ctaaaga ggatgattag agcc cattaa ag 32 

<210 SEQ ID NO 97 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 97 

acgittaattt taggaatgtc. actgagc.cag cqgtgc.cggit gtggtgcc 48 

<210s, SEQ ID NO 98 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 98 

acaa.cattgt tt catttgac aggattatt c tdaaag.ccac 4 O 

<210s, SEQ ID NO 99 
&211s LENGTH: 47 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 99 

gct Caacatgttittaaatgc aaacggaaat ggccttgatgaatggaa 47 

<210s, SEQ ID NO 100 
&211s LENGTH: 39 

&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 
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<4 OOs, SEQUENCE: 1.OO 

Ccagt cagga gcttgc cctg acgagaaggc agaaagaac 39 

<210s, SEQ ID NO 101 
&211s LENGTH: 39 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 101 

gattattgct gaatataatg acagg tagala agccaaaag 39 

<210s, SEQ ID NO 102 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 102 

taatataatt acaatatgta gcat 24 

<210s, SEQ ID NO 103 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
& 22 O FEATURE; 
<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 103 

agcgaaccca gatataaaac gct ctitttga atggccagaa 4 O 

<210s, SEQ ID NO 104 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 104 

gcc.gacaatgaatacgtaat gcc actacga attgaaaatc. tccaaa 46 

<210s, SEQ ID NO 105 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 105 

accagaacga gtattagcag cqtgcctgtt citt cqtttitc 4 O 

<210s, SEQ ID NO 106 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 106 

gaatggctta gagcttgcgg Ctaaaggtt 29 
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<210s, SEQ ID NO 107 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 107 

attagaggga ttagct cott ttgacaaatg Ctttaaagaa ttaatggg 48 

<210s, SEQ ID NO 108 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 108 

aaaaac agct tataccgat acttagcggg tt 32 

<210s, SEQ ID NO 109 
&211s LENGTH: 31 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 109 

ttitt cacggg caccaaagtg gcgaaaatcc t 31 

<210s, SEQ ID NO 110 
&211s LENGTH: 45 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 110 

ttgggct tcc gtgagcct Co tag caccgtc. g.gc.cccCtag aactg 45 

<210s, SEQ ID NO 111 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 111 

citcttaccgt gaagttgtact cagttacca gag cacatcc 4 O 

<210s, SEQ ID NO 112 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 112 

caac actaaa tdcagataca taacgatt catcgc.ca.gcat cca agggit 48 

<210s, SEQ ID NO 113 
&211s LENGTH: 47 
&212s. TYPE: DNA 
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<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 113 

gcggattacc agc.cgggit ca Ctgttgagta agagcgc.cct aagagag 47 

<210s, SEQ ID NO 114 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 114 

aatgttgatt aagcaa.gcaa attic.ccgact attittgacca gtaata 46 

<210s, SEQ ID NO 115 
&211s LENGTH: 45 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 115 

caccc.gtgta accttgctitc. tcc taaaa.ca taataccgtc. citgaa 45 

<210 SEQ ID NO 116 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 116 

gcct tagaaa ggaacgggga gaggcggtco Cittataaatt agaatc 46 

<210s, SEQ ID NO 117 
&211s LENGTH: 30 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 117 

t cattgaatc ccc cittaaga gqt catttitt 3 O 

<210s, SEQ ID NO 118 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 118 

gaga.gctaca attittaaacg aaccaccago ag 32 

<210s, SEQ ID NO 119 
&211s LENGTH: 4 O 

&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 
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<4 OOs, SEQUENCE: 119 

titt Cagcggit aaatgaattt t ctggagcca C cagttgggc 4 O 

<210s, SEQ ID NO 120 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 120 

aaacaactgt ttaatttgcg ct cagtaccg agct cqaatt 4 O 

<210s, SEQ ID NO 121 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 121 

Cagaaaacca agagaagtaa ticgtaaattt totatact taacgggg 48 

<210s, SEQ ID NO 122 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
& 22 O FEATURE; 
<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 122 

agcgaataag tittattttgt cacattgctt to 32 

<210s, SEQ ID NO 123 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 123 

gaccataaat aagtttagca tot cq accct gtaatactitt 4 O 

<210s, SEQ ID NO 124 
&211s LENGTH: 29 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 124 

caccct coac aggcttacca gtc.ccggaa 29 

<210s, SEQ ID NO 125 
&211s LENGTH: 46 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 125 

ttgcticagot ggatagtaca aaggattgcc tagagt ctt agatgg 46 
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<210s, SEQ ID NO 126 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 126 

tactggtaat caaaaacccg aacgt.cgata aaaac aggaa 4 O 

<210s, SEQ ID NO 127 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 127 

gacaa.gc.ctic tittatgttg gcacggaaaa atcggtctga gagact 46 

<210s, SEQ ID NO 128 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 128 

ttagcc aggg at agcaacaa cqC caatcat aacgacctgc 4 O 

<210s, SEQ ID NO 129 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 129 

aggaac ccca ccct catatg ggat caa.cat accacattaa ttgttgttgt 48 

<210s, SEQ ID NO 130 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 130 

Ctcagaactg ggaaggcggg cct ctitcgct atggcgaaag 4 O 

<210s, SEQ ID NO 131 
&211s LENGTH: 38 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 131 

aaacgatt.cg tdtgagaaac aataacggat t cqcctga 38 

<210s, SEQ ID NO 132 
&211s LENGTH: 32 
&212s. TYPE: DNA 
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<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 132 

gatago aggt caccagtaca aactagocca at 32 

<210s, SEQ ID NO 133 
&211s LENGTH: 39 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 133 

gaaagt attgtcggtggcga tigtaggtaaa gattcaaat 39 

<210s, SEQ ID NO 134 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 134 

atttaccgcg tdatacatgt gcc.cgtataa ac 32 

<210 SEQ ID NO 135 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 135 

gtgaattatt gagggaggga agg toggtcc aatcgcaaga 4 O 

<210s, SEQ ID NO 136 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 136 

ccggaggact aataccaa.gc gcgaaacaat ctagagtaala aaaccatc 48 

<210s, SEQ ID NO 137 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 137 

Cagaac cagt tdgtaacgc ctata acagt to aaatggit 4 O 

<210s, SEQ ID NO 138 
&211s LENGTH: 47 

&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 
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<4 OOs, SEQUENCE: 138 

ggaacctagg ttgaggcagg to agacgatt gcaactaaaa acgagta 47 

<210s, SEQ ID NO 139 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 139 

agcc ctgctg. ccc.gcagttt gaccgggg.cg cgagctgaaa ataaatca 48 

<210s, SEQ ID NO 140 
&211s LENGTH: 38 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 140 

t caccagt ca caggaagttt coatttgc cc cagcagag 38 

<210s, SEQ ID NO 141 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
& 22 O FEATURE; 
<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 141 

agcgcgttitt catcgcgatt acccaaatca acgta acatt cagtga 46 

<210s, SEQ ID NO 142 
&211s LENGTH: 30 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 142 

aaagggaacc gtctat catt ataat cagtg 3 O 

<210s, SEQ ID NO 143 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 143 

tatt aaagaa ccggtc.gcaa ggtgt attcg gt 32 

<210s, SEQ ID NO 144 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 144 

t cittagcctic ctdttgct cq t cataaacat c 31 
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<210s, SEQ ID NO 145 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 145 

ttacctgc.cg cgc.ctgtgct gttctggtga citctaacgga 4 O 

<210s, SEQ ID NO 146 
&211s LENGTH: 39 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 146 

Cttgagtcgt gcc agctgca ttaatgaacg gctgc.ccgc 39 

<210s, SEQ ID NO 147 
&211s LENGTH: 37 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 147 

agaggtgt at taacacctac atttaatgcc tdcaa.ca 37 

<210s, SEQ ID NO 148 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 148 

tt catttgtt taatggaaac agaagataaa ac 32 

<210s, SEQ ID NO 149 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 149 

agaagatgat gaaacaaaac aaaattaa.ca at 32 

<210s, SEQ ID NO 150 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 150 

agaa.gc.ctitt attagctaaa toggalacatt ataat catat 4 O 

<210s, SEQ ID NO 151 
&211s LENGTH: 30 
&212s. TYPE: DNA 
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<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 151 

aaac aggaca gatgagacca ggcgcatc.ca 3 O 

<210s, SEQ ID NO 152 
&211s LENGTH: 38 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 152 

ggggataa.cc tdtttagcta tattitt catt tattagat 38 

<210s, SEQ ID NO 153 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 153 

cgaggg tatt Catcttctga cctaacgcga ga 32 

<210 SEQ ID NO 154 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 154 

tctgct caaa gctittgaccc ccagogattic ag 32 

<210s, SEQ ID NO 155 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 155 

ataag.cgtgt titt cacgg to ataccidggat tdcc.ctt cac aac actica 48 

<210s, SEQ ID NO 156 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 156 

t cittacgttt ttattitt cat cotgaataac citcaaat atc 4 O 

<210s, SEQ ID NO 157 
&211s LENGTH: 30 

&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 
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<4 OO > SEQUENCE: 157 

attaattgta t cqg tattaa gacgctgatg 3 O 

<210s, SEQ ID NO 158 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 158 

gagggggtgt at Caccitacc aga.ccggaac gtgc.cgggtc. 4 O 

<210s, SEQ ID NO 159 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 159 

aaatttgcaa aagaagicaga got cotatict at 32 

<210s, SEQ ID NO 160 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
& 22 O FEATURE; 
<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 160 

t catcgagaa caaagtacag caaatgaaaa at 32 

<210s, SEQ ID NO 161 
&211s LENGTH: 30 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 161 

aaatgtcgt.c titt coccgaa gag to aatag 3 O 

<210s, SEQ ID NO 162 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 162 

tgtttagata C caggccaga attaatgc.cg ga 32 

<210s, SEQ ID NO 163 
&211s LENGTH: 48 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 163 

aactgaacaa tdgaagtacc at atcaaaat tactgagagc cagcattt 48 














































































































































































































































































